
IMPERIAL AGRICULTURAL 
RESEARCH INSTITUTE. NEW DELHI. 





PAPERS COMMTOIOATED TO THE OHEMIOAL SOCIETY. 


PAGE 


I.*— The Chlorine Derivatiyes of Pyridine. Part IV. Constita- 
tion of the Tetrachloropyridineff. By W. J. Sell, M.A., 
EJ.C., and P, W. Dootson, M.A. . . . 

IL— The Dissociation Constants of very Weak Acids. By 
James Walker and William CoEMACK . . . , 

III. — The Preparation and Properties of Solid Ammonium 

^ Cyanate. By James Walker and John K. Wood . , 

IV. — Etherification of Derivatives of /S-Naphthol. By William 

A. Davis . . . . • • • * • 

V. WfJonllttfotioii of the Aconite Alkaloids, 


M. READj 
of the fmpe: 


VI.. 



jn the Scientific Department 


-A Method^ 
tained in 
Hodgkinsoi^ 

VII.— The Oxii 
^ Iron. Part 

mE.S., ani H. 0. Jones, 

VItI.^Oxalftcefcic Acid. By Henry J. HoRSTMAN’i^Wllii^., 
. F.H.S., and H. 0. Jones, B.A., B.Sc. . . . . . 

IX.— Determination, cf the Constitution of Fatty A,oids. Part II. 
AaiHUB WiLiiiAM Orossmy and Hhney Eondbi Li 



X.— P4tp%iii&n; of Benzeneazo-o-nibrophenol. By J. T. KB\tiTT 

XL —Ethyl MliftoohutBn.etetraoarboxylate and bhO Syothesis 
of TetiBhydrtft^ii|fiiin-2 : 5-dicarboxylio Amd, ■ By Bbvan 
’/;.:;'vLeaN, D.Bo.,,B.A,;;' 

•XlL— Hie Abomio Weiglit of HibrogenV By QEOBoS|p!BA]ir,||i A- 


21 


33 


46 


M 

17 

88 

99 



jv CONTENTS. ^ 

Xiy, — Substituted Nitrogen Chlorides and their Relation to the 
Substitution of Halogen in Anilides and A nilinos, Pnrt IT. 

: The Trichlorophenyl Acyl Nitrogen Chlorides, By ?. D. 
CiiATTAWAY and K. J . P. Orton , . . . , , 

XV. — The Decomposition of Chlorates, with Speeial Reference 

to the Evolution of Ohlorihe and Oxygen. Part I. By 
William H. SonnAir, B.Sc. . . , . 

XVI. —The Interaction of Sulphuric Acid and - Potassium 

Perrocyanide. By RiCHARn Halibtjbton Anin, M.A., 
B.Sc;, and Kenpall Colin Browning, B. A. * * 

XVII. — Action of Alkyl Iodides on the Mercuric Iodide 
Sulphides of the Fatty Series. By Samuel Smiles, B.Sc. . 

Victor Meyer Memorial Lecture.- By T. E. Thorpe, Ph.D., 
D.Sc., LL,D.,’ F.R.S., President of the Chemical Society 

Xyill. — Electrolytic Preparation of Induline Dyes. By 
Emerique Charles SzARVAsy, Ph.D. . , . . . . 

XIX. — Action of Chloroform and Potassium Hydroxide on 
o-Aminobenzoic Acid. By Walter J. Elliott, M.A, 

XX. — Anhydrous Sulphates of the Form 2M"SO^R' ^SO^ ; 

especially those of Isometric Crystallisation. By Frederkj 
R. Mallet . ... 

XXI. — C-Derivatires of Hydroxytriazole. By George Young, 

Ph.D., and ErnEvST WiTHAM, B.A., B.Sc. , 

XXII. r-5yte ■ Qu^' Volhard^'S; 

XXIIL— 'llfte GhloMne De?^ Pyridine. Part V. The 

Constitution of Citrazinio Acid. Formation of 2 : 6rDichloro- 
pyridine and 2 ; 6-Diiodoisomcotimc Acid. -By J. Seli^ 
M.A., F.IC., and F. W*. Dootson, M.A.. . ; . . . 

XXIV. — -The Formation of Heterocyclic Compounds. By 

SiEGPRTEi) Ruhemann and H. E. Stapleton, Scholar of St. 
John^s College, Oxford .* . . . . • • 

XXV. — Studies in the Oampbane Series. ' , Part I. Nitro- 

camphane. By Martin Onslow Forster - ' . , . 

XXVI. — The Refractive and Magnetic Rotatory Powers of some 

Benzenoid - Hydrocarbons. The Refractive Powers of 
Mixtures, An improved Spectrometer Scale Reader, By 
W. H. Perrin, LL.D., Ph.D^ . . v 

XXVII.' — ^The Condensation of Formaldehyde with ,.i^^s“ 
Malonate, and' Synthesis of Pentamethylene-1 : 2 : 
oxylio Acid. By J. Frank BottomleN and W. Jun. 

XXVIIX— Action vdf Fuming Nitric Acid on ct'^^Dibromocam^ 
phor. By Arthur Lapworth and BpeiAR M. OhApman, 
Balter’s Fellow in the Research laboratory of tho Pharma- . 
, ceutical Society of Great Britain . . ; , : , ; ; 


PAGE 

134 

137 ' 

ISO 

160 

169 

207 

213 

216 

224 

233 

259 

261 



294 


309 



CONTENTS. 


V 


» PAGE 

XXIX. — The Absorption Hpedra of Ammonia, Motliylamino, 

[-Cydroxylaniino, Aldoximo, and Aeotoxinip. TSy Walteu 
XoKn Hartley, F. and dAMus J. Donum, D.Hc*., M.A. . 318 

XXX. — Ammoniiun Ami<loHiilpl\nto. By Edward Dxveuh and 


Masataka Ogawa 327 

XXXf. — Products of Heating Ammonium Thiosulphate, SulphitoR, 
and Trithioiiato. By Edward Divers and Masataka 
Ogawa 335 

XXXIi. — The Combination of Sulphur Dioxide and Oxygon. 

By Edward John Eussell and Xormak SAfiTrr . . 340 


XXXUJ. — Xotes on the Estimation of Caseous Compounds of 

Sulphur. By Edward John Bussell 352 

XXXIV. — Tnflaonce of the Nascent State on the Combination 
of Dry Carbon Monoxide and Oxygon. By Edward John 
Russell 3G1 

XXXV. — Note on the Refraction and Magnetic Rotation of 
Hoxamethylene, Chlorohcxanieth^dene, and Diohlorohexa- 
mothylene. By Sydney Young, D.Hc., E.H.S., and Emfly 
C. Fortey, B.Sc 372 

XXXVI. — Campholytic and Isolauronolic Acids. By James 

Walker and William CoRMACK 374 

XXXVJl.--<bnflgur$»tion of the Camphoric Acids. By James 

Walker and John K. Wood 383 

XXXVTII. — ^The Constitution of Camphoric Acid. By James 

• Walker . 390 

XXXIX. — Tho Maximum Pressm'O of Naphthalene Vapour. 

. By RioriARD William Allen, M.A., irnivorsity Collogo, 

Auckland, N.Z ’ . . 400 

XJj* — Tho Maximum Pressure of (iamphor Vapour. By 
Richard William ALr4RN, M.A., Duiversity College, 
Auckland, N.Z 413 

XEl. — Apiin and Apigeniu. Part H. Nolo on Vitoxiu. By 

Arthur George Perkin, F.R.S.E 41 G 

J|MI. — ^Yellow Colouring IMnciplos contjxined in Various 
Tannin Matters, Part VJI. ATC.toBtai)}i/yloB Jha wm, 
IlcmfUoxyhn Oam 2 )eachianvm^Jih an Ilatopium, Myrim Gale, 
Gariatia myriifdia, and Mohinia pseudai^aciiL I>y Arthur 
George Perkin, F.E.8.E 428 

XLIII. — Potassium Nitrito-hydroximidosulphates and the Noii- 
existence of DihydroXylamine Derivatives. By Edward 
DivEite, M.D., D.Sc., F.R.S., Emeritus Profes^r of Chem- 
istry, and Tambmasa Haga, D.Sc.^ Professor of Chemistry 
in the TOkyr) Imperial University, Jai^an .... 432 

XLlV.-^Identification and Constitution of Fromy^s Sulphajsotised 

Salts of Potassium. By Epwakd Divers and Tamemajba Haga 440 



vi: , .’OONTENm, ' \ ' 

*■ " v 

XLV*' — Camphonio, Homocamphoroaic, and Oamphononio Acids. 

By Arthur Lap worth and Edgar M. Ohaman, Salter’s 
Bellow in the Research I^-boratory, of the Phamaoeutical 
Society * . . . . : , , , v: . 446 

XLVi.—JS’ew Syntheses’jof Indene. By B. Staklett 1 r 
Ph.D., B.Sc., B.R.S." and Harold Hall, AJ»G. , . . 

XLTII.— Pilocarpine] and the Alkaloids of Jahorandi Leaves, 

By Hooper Albert BrcKjHSON-JowETT, B.Bc, ^ , 473 

XLYIII.— Spectxographic Studies in Tautomerism, The Ab- 
sorption Curves of the Ethyl Esters of Dibenztbylsucoinic 
Acid. By Walter Xoel Hartley, B.R.S,, and Jambs J. / 
Bobbie, M.A.^ D.Sc. , . . , . • , . 498 

XLIX. — The Curves of the Molecular Vibrations of ’BeTozamti'^ 
aldoxime and Benzs^^waldoxime. By Walter Xobl Hartley, 
B.R.S., and James J. Bobbie, M.A., B.Sc. , . . . 609 

.Bunsen Memorial Lecture. By Sir Henry Rosoob, B.A., Ph.D., 
B.CX., LL.D.,t B.Sc., B.R.S., Hon, M.D. (Heidelberg), 
Corresponding Member of the Brench Academy of Sciences, 
Emeritus Professor of Chemistry in Victoria University, 
Vice-Ohancellor^of the University of London , . , 513 

Annual General Meeting . , • • . . . . 566 

Obituary Notices , . . , , , . . . 691 

L. — “Electrolysis of the Nitrogen Hydrides ant of Hydroxyl- i 
amine. By Emerk^ub Charles Szabvasy, Ph.D. . . 603 

LI. — ^^Constitution -of -Amarine, ;of. ite; 

■ Biaoyl-derivatives, and of IsamarlnA' ■' ' 
B,R.S., and James MotR, M.A., B.Sc. . , . . 608 

LII. — ^Vapour Density of Dried Mercurous Chloride. By H. 

Breebton Baker, M.A. . . . . . . * 646 

LIII, — ^Preparation of Pure Hydrobroinic Acid. By Alexander 

SooTT . . . . . . . . . . 648 

LIV. — A New Sulphide of Arsenic. By Alexander Scott . 651 

LV, -^Researches on the Alkyl-substituted Succinic Acids. Part 
11. «-Dipropyl, ^-Diisopropyl, and aai-Propylisbpropyl- . 
miccinic Acids. By William A. Bone and Charles H. G. 
Sprankling . . . . . . . . . 664 

LVI.-— The Interaction between Sulphites and Nitrites. By 

Edward Divers and Tamemasa Haga . . . . ,. 673 

LVII. — Presence bf Invertase in some Plants of the 

Parti. By James ‘ 0’SuLLiVA,N . . . . . .3591 

LVIII.— Mannogalactan and Laevulomannan. ^O; New Poly- 
saccharides. By Julian Lbvbtt Baker aid Thomas Henry 
Pope. , . . . . i • • • .696 

I;IX. — The Dissociation Constant of Azoitnide (Hydrazoic Acid). 

By Charles Alfred West, Assoc,R.C.S. . . 706 



CONTENTS. yii 


PAGE 

LX.-'-New GlucoBide from Willow Bark. By Hooper Albert 

Dickinson JowETT, D.Bc. , • * • • • • 707 

LXL— Bromination of Benzeneazopbenol. By J. T. Hewitt 
/ and W. G, Aston . 712 


LXII. — Decomposition of Chlorates. Part II. Lead Chlorate. 

By William H. SoBEAU, B.Sc. , . . > . .717 

LXni. -^Action of Iodine bn Alkalis. By Eobebt Llewellyn 

Taylor , . . . . . . , . . 725 

LXiy*— Alkylation by means of Dry Silver Oxide and Alkyl 

Halides* By George Druce Lander, D.Sc. . . . 729 

LXy. — Hydrosulphides, Sulphides, and Polysulphides of Potass- 
ium and Sodium. By W. PopPLEWELL Bloxam, B.Sc. . 753 
LXyi. — Chlorine Derivatives of Pyridine. Part yi. Orienta- 
tion of some Chloraminopyridines. . By W. J. Sell, M.A., 
F.E.S., and P. W. Dootson, M.A. . . . . . 771 

LXyil.— Hote on Partially Miscible Aqueous Inorganic Solu- 
tions. By G. S. Hewth . . . , . 775 

LXyill. — ^Bacemic and Optically Active Forms of Amai’ine. 

By H. Lloyd Snape, D.So., Ph.D. . . . . . 778 

LXIX.^ — Substituted Nitrogen Chlorides and Bromides derived 
from 0 - and jo-Acetotoluidide. By P, D. Ohattaway and 

/; the Eintrahce bf Halogen into the O^tBo-positioh in the 
Transformation of Nitrogen Chlorides. By P. D. Cftattaway 
and 1C J. P. Orton ... . . . . . 797 

LXXl.— Nitrogen Chlorides derivable from m-Chloroacetanilide 
and their Transformation. .By P. D* CHATTA^yAy, K. J. P. 
Orton, and W. H. Hurtlev . . ; . , , SQQ 

LXXn. — Condensation of Ethyl Acotylenedicarboxylate with 
Boses and /J-Ketonic-Esters. By Siegfried EuhemANN and 
H. E. Stapleton, B.A., Scholar of St, John’s College, Oxford 804 
/JjXXIII. — B romination of Benzeneazophenol. Part 11, By 

John Theodore Hevtitt and Williaw George Aston . . 810 


LXXiyi-^ Action - of Pormaldehyde on Aiiiines of the Naphtha- 
lene Series; Part II. By Gilbert Thomas Morgan, D.So. 814 
of Hypoiodites and lodates and the 
^ Iodine Monoohloride with Alkalis. ' ^ 

; K W-'L. Slaok^ '880 

LXXyi. — Part yi. On : 

\ By . 

'Jv-Emerson Reynolds, 

LXXyiL^A Study bf tl:)te Abspr|^ion Spe^ of G-Oa^yearfea^y ; 
;and.Jte-AJ^r Derivatives'' 'm-relatibn to 
' . . P.B 




Viii CQNTENTS, 

LXXVin.— TJitra-viokt Absorption Spectra of Some Closed 
Chain Carbon Compounds. Part II* Bimethyipyrazine, 
Hexamethylene, and Tetrahydrobenzene. By ‘Waltbb Noei^ 
Hartley, P.H.S., and James J. Bobbie, B*Sc*, M*A. ,, . 846 

LXXIX. — The Constitution of Pilocarpine. Part I. By 

Albert Bickinsqn JowETT, B.Sc* . , . . :>* :SS^l: 

LXXX.-^isomeric Partially Bacemic Salts containing Quinque- 
valent Nitrogen. Parts Hydrindaihine Bromo" 

camphorsulphonates, Chlorocampborsulphonates, and cis-tt- 
Cainphanates. By Pbederio Stanley Kippino, PhD*, * 
B.Sc,, P.E.S. . . , . . ; * . . . , 861 

LXXXI.— Constitution of Ethyl Sodipcyanacetate and of Ethyl 

Sodiomethylcyanacetate. By Jocelyn Fielo Thorpe . . 923 

LXXXII. — cis- Sitid ^wi 5 -aajj 8 ^-Tetramethylglutaric Acids, By 

Jocelyn F. Thorpe and William J. Young. , . . 936 


LXXXIII, — ^^-Isopropylglutaric Acid and ci?- and ^raw^^Methyl- 
isopropylglutaric Acids* By F, H. Howles, Jocjelyn F. 
, Thorpe, William Udall, and, in part, H* A. Neale . 
LXXXIY. — The Persulphuric Acids. By T. Martin Lowry, 
I), Sc,, and John H. West . . . ... 

LXXXV.— Dimethyldiacetylacetohe, Tetramethylpyrone, and 
Orcinol Berivatives from Biacetylacetone. By J., N. 
CoLLii^ F.R.S., and B. D, Steele, B,Sc. (Melbourne), 1851 
Exhibition Scholar * . . . * . . , , 

LXXXVI.— Behydmsetic Acid. By J: N. CoLiiiE, 
LXXXTIL-T-Becbmposi oi;^ ; J 
• . ■ Goppea^-Sulphat^.' ''/By :|)iySp1 

LXXXYIIt. — Condensation of. Phenols with Esters of ' the 
Acetylene Series. Part I. Action of Phenols on Ethyl 
Phenylpropiolate, By S 1 F 4 GPEIEI) Euhemann and Fred. 
Bebbow, B,Sc., Ph,B. * * . . * . 


942 


950 



m 


LXXXIX.— Estimation of Furfuraldehyde, By William 

OORMACK . , . * . . . • ^ * ♦ 99(1 

Friedel Memorial Lecture. By J. M. Crafts, Professor * . 993^ 

XC.— Biphenyl- and Dialphyl-ethylenediamin^s, and their Nitro- 
derivatives. Nitrates, and Merourichlorides. By William 
Sloan Mills, B.A., Demonstrator of Chemistry in the 
Queen's College, Galway . . . . . . , 1020 

XOL — Researches on Morphine. Part I, By S. B. ScHRYVa^ 

and Freberio H. Lees . , . . . * * 1024 , 


XCH.— The Oxime of Mesoxamide and some Allied: (Compounds. 

By Martha Annie Whiteley, B.Sc. . . * . . 1040 

XCIII.--Phenylacetylchloramine and its Analogues. By Henry 

E. Aemstrono * . . * , . . . 1047 


XCIV.— Berivatives of Oyanocamphoi^ and of Homccamphoric 

Acid. By Arthur Lapworth , , * / . . 1053 



CONTliNTS. ix 


PAGB 

XOV. — -Asymmeti^ic Optically Active Sulphur Compounds, 
(^Methylethylthetine Platinichloride. By WilIiIam Jack- 
Son Pope and Stanley John Peaohey . . , . 1072 

XCVI; — A Kew Method of Estimating Potassium, By BicHAiiO 

EEalibueton Adie and Thomas Bablow Wood . . .1076 

XCVII. — ISfotes on the Chemistry of Chlorophyll. By Leon 

Mabchlewski, Ph.D., and 0. A. Bohunck . . . ,1080 

XQVIIL — Sulvanite, a New Mineral. By C-. A. Goyber . , 1094 

XCIX. — AcetyT and Phenacetyl Derivatives of Diethyl c^-Tar- 

trate. By John MoCbae and T. S. Patterson , . .1096 

C. — Estimation of Atnxosplieric Carbon Dioxide. By James 

Walker ♦ . > . . ... . . 1110 

Cl. — Periodides of Substituted Oxonium Derivatives. By J. X. 
Collie, E.K.S., and B. D. Steele, B.Sc. (Melbourne), 1861 
ExhibiMon Scholar . . . . . , . . 1114 

‘ Cll.-^Opndensation of Phenols with Esters of the Acetylene 
Series. Part II. Action of Phenols on Ethyl Pbenylpro- 
piolate and Ethyl Acetylenedioarboxylate. By SiEOFBiEn 
Euhemann and Pbed. Bedbow, D.So., Ph.D. - . • " • 

GIIL — Vapour Pressures, >Specific Volumes, ami Critical 
of |)^isabufcyl. By Sydney 

11'26 ' 

CIV.— Vapotir and (Mticid: ^ 

stants of normal Octane. By Sydney Y0uno, D.Sc., E.R,S; 1145 


OV. — Separation of neobornylamine from Bornylamine. By 

Martin Gnslow Eorsteb and James Haet-Smith, A,B.0.S. 1162 

SVI.— Aminoamidines of the Naphthalene Series. (Third 
Communication on Anhydro-bases.) - By Baphabl Mbldola, 
E.R,S., and Lewis Eynon, AXO. . . . . .1169 

yjI.-*-Note on the Elimination of a Nitro-group during 
, I]tezot^^^ By Raphael Meldola and Elkan 
J WEqHSLEB , . , . , . . . . 1172 

^VIII.— ‘A Contribution to the Stereochemistry of Sulphur : an 

OpWeeily Active Sulphine Base. By Samuel Smiles, B^So, 1174 

rf EsJ;ers of the Acetylene 

ni. Synthesis of Benzo-yr-pyrone. By 
SiEOFii^ : and H. E. Stapleton, Scholar bf St. 

■■JohnVOSl^»l«:::'.,;\\-,/\:^ :■ v:,. 1179 


' CJXL^Oontributions of Hydrotetiazin^ arid 

, '■/ iCriaEoles. By'OswAi^.Sai#^^ > 

OXL — Isorimric .Dibenzyl ketrinri^ and Deoijf-,; , 



X ■ - OOlfTBi|i|''eg; 


UXn.— Oondexisation of Methyl Aceton.edi€ar1bo2jyiate. Con- 
stitution of Oroinoltricarboxylic Ilstsra, By W. 

Dootson, M.A. , » . . . . . * ... 1196 

CXIII, — Contribution to the Chemistry of the Arpmatip Meta- 

diamines. By GiiiBEET Thomas Mobgan, B.So. . . . 12.02 

CXIT. — Action of Aromatic Aldehydes on derivatives ol; ■ V" 
^-Kaphthylamine. By Qilbeet Thomas Mqbgah. D.Sc. .1^0 
CXV.— Action of Hydrogen Peroxide on Carbohydrates in the 

Presence of Ferrous Salts. II. By Bobh^t Sbbby ■' 

Mobbell,.M;.A., Ph.D,, and James Murbay Crofts, M*A,, 

B.Sc. . .... . . . . . 1219 

OXYI. — The Hydroxyphenoxy- and Phenylenedioxy-acetic 

Acids. By W. Carter and W. Trevob Lawrence, B. A., 

PAD. , . . . ~ . ... . . 1222 

OXVII, — Specific Gravities of the Halogens at their Boiling 
Points, and of Oxygen and ^Nitrogen. By Juwbn Drugman, 

Ph*D., and William Bamsay, F.B.S. . . . . . 1228 

OXVIII. — Hydroferrocyanic Acid. By Kendall Colin 

Brotyning, B.A, . . , . . . . . 1233 


: ll^ln ' 






CXIX.— The Nature of Metal-ammonia Compounds in Aqueous 

Solution. Part 1. By H. M. Dawson and J. McCrae . 1239 

OXX.— Action of Alkalis on the Nitro-compounds of the 
Paraffin Series. Part II. Reactions and Constitution of 
Methazonic Acid and the Mode of Formation of Isoxazoles. 

By Wyndham B. Dunstan, F.B.S., and Ernest GouniiNa^ 
B,Sc.'V ; ' ■ 

OXXL— i^ount of Chlorine in 

Cirencester. By EpWARD Kinoh, Koyal Agricultural 
College, CSrencpster . V , . . . , ,1271 

OXXH, — -Hexachlorides of Benzonitrile, Benzamide, and Benzoic 

Acid. By Francis Edward Matthews , . , . 1273 

Nilson Memorial Lecture: By Otto Petteesson, Professor of 

Chemistry in the University of Stockholm . , . . 1277 

OXXIII.— Degradation of Glycollic Aldehyde. By Henry J. 

Horstman Fenton, M.A., F.B.S, , . . . , 1294 

CXXIV.— Eesearches on the Alkyl-substituted Succinic Acids. 

, Part III. Dissociation Constants. By William A. Bone 
and Charles H. G. Sfrankling * . . . . . 


129 $ 


OXXY*- — Genistein. Part Hi By Arthur George pERxrjl^"' : 

, F.B.S.E., and Louis Hubert Horsfall . 

CXXYL— Luteolin. Part HI. By Arthur GedmE ^i^KiN, 

F.B.S.E., and Louis Hubert Horsfall , . . .1314 

CXXYH. — ^Contributions to the Khowled|e of Fluorescent 
Compounds. Part I The Nitro-derivatiyes of Fluorescein. 

By John Theodore Hewitt and Bryan W. Perkins . ,1324 



JOURNAL 


OF 

THE CHEMICAL SOCIETY. 


TRANSACTIONS. 


L — The Chlorine Derivatives of Pyridine. Part, IV. 
Constitution of the Tetrachloropyridines. 

By W. J. Sell, M.A., F.IC., and F, W. Dootson, M.A. 


In accordance with the generally accepted view of the constitution of 
pyridine, there are three theoretically possible derivatives in which 
four hydrogen atoms may be replaced by the same element or radicle ; 
and these, in the case of chlorine, may be represented thus : 



01 

oi/Nci 


Oli 


'N 

III. 


j 


These compounds have all been isolated from the products formed by 
the action of phosphorus pentachloride on pyridine (Trans., 1898, 
*72, 432), but in only one case, that of the compound represented by 
formula I, has the constitution been proved. This substance, which 
melts at 90 — 91®, was first obtained by the distillation of tetra- 
chloroisonicotinic acid with glycerol, thus : 


90,11 



+ oo,. 


Of the two remaining compounds, it was suggested {loo, cit,) that the one 
melting at 21 — 22® has the chlorine atoms adjacent, that is, the com- 
pound is represented by formula III, whilst the compound melting at 
VOL. hXKVlI. H 
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74 — 75^^ is represented by II. This surmise was founded upon the 
distinctly greater basic character of the former (m. p. 21 — 22°), which 
alone forms a well-defined additive product with mercuric chloride. 
Direct evidence of the constitution of these compound^ was, however, 
wanting, and it was with the object of supplying this that the present 
work was undertaken. 

In a communication on the synthesis of pyridine derivatives (Amer. 
Ohem, j., 1886, 6, 377 ; Ber., 1887, 20, 2655), Stokes and Pechmann 
described, among other compounds, two chlorinated derivatives of 
glutazine to which they gave the alternative formulse : 



NH 


NH 

'Ool 

Si Joi 

\]5j/ 

oi/\oi 

Glf^Ol 
011 101 
\-^/ 


H 


H 

(a) 

(J) 

(<!) 

(d) 


Subsequently (Trans., 1898, 72, 777), the existence of the amino- 
group in these compounds was demonstrated, from which it follows 
that the formulae (a) and (c) correctly represent the facts. 

Now the tetrachloropyridine melting at 21 — 22° must have the 
constitution represented by either formula II or III, and if the view 
already expressed as to its constitution is correct, then it seemed 
probable, from a consideration of the behaviour of pentachloro- 
pyridine and its derivatives towards ammonia, that, on treatment 
with this agent, the 4- [or y-] position relatively to the nitrogen 
would be the one attacked. This was found to be the case, and was 
shown as follows ; 

The tetrachloropyridine was treated with ammonia, and the result- 
ing aminotrichloropyridine purified. The latter compound was there- 
upon further chlorinated by means of phosphorus pentachloride, and 
an aminotetrachloropyridine obtained identical with (c) above. 

It follows therefore, as the only alternatives consistent with the 
accepted theory, that this aminotrichloropyridine must have one or 
other of the two formulae : 



A compound represented by formula IV has already been described 
by Stokes and Pechmann. The new compound, however, differs 
widely from the description given by them. Although obtained in a 
state of undoubted purity, it fuses at a lower temperature, gives a 
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well-defined platiniohloride containing SHgO, forms a beautifully 
srystalline additive product with mercuric chloride, and can under no 
conditions be made to yield with bromine water a precipitate which 
is insoluble in acids (compare Amer, Chem. 1886, 6, 377). 

In the alternative, therefore, this aminotrichloropyridine must be 
held to have the constitution represented by the formula Y, and as a 
consequence must have been derived from a tetrachloropyridine of the 
constitution given by formula III, thus confirming the view pre- 
viously held. 

An attempt to confirm this still further by obtaining the amino- 
brichloropyridine of formula lY from the tetrachloropyridine melt- 
ing at 74: — 75°, which must, of course, have the constitution 
given by formula II, was unsuccessful. Whilst it was very unlikely 
that in a compound of this orientation the 4-position would be as 
reactive as in the other isomerides, it was hoped that the reaction 
might occur to an extent sufficient to allow of the identification of the 
compound sought. Want of material prevented further investigation 
in this direction, as the tetrachloropyridine melting at 74 — 75° was 
only isolated in small amount from the product by the action of 
phosphorus pentachloride or pyridine in sealed tubes, and not at all 
by the other methods described. 

Experimental. 

Tetrachloropyridine (m. p. 21 — -22°) does not appear to be acted 
on in the cold by aqueous or alcoholic ammonia of any strength. At 
a temperature of 130 — 140°, one atom of chlorine is attacked and 
aminotrichloropyridine, OgHNClg'NHg, formed. The operation was 
carried out in sealed tubes and the heating continued for three hours. At 
the end of that time, practically no unchanged tetrachloropyridine 
remained in those cases in which an alcoholic solution containing 
16 per cent, of ammonia was employed. When aqueous ammonia was 
used, it was found necessary to continue the heating for a longer time 
but the same product was obtained. The contents of the tubes were 
diluted and filtered, and the product purified by crystallisation from 
dilute alcohol, from which it separates in slender needles. These 
crystals melted at 153— 153*5° (uncorr.), and this melting point was 
not changed by Turther recrystallisation. The following numbers 
were obtained on analysis ; 

0-1865 gave 0*2075 OOg and 0*0265 HgO. 0 = 30*34 ; 1*58. 

0*1950 „ 24*0 c.c. of nitrogen at 20° and 770 mm. 14*27. 

requires 0 — 30*44 ; H ~ 1 *52 ; K = 1 4*20 per cent. 

The compound is moderately soluble in boiling, and practically 

B 2 
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insoluble in cold water, bub is freely soluble in the usual organic 
solvents, and in moderately dilute mineral acids, from which it is pre- 
cipitated on neutralisation. It sublimes unchanged on heating and is 
volatile in steam. Its solution in alcohol or hydrochloric acid gives no 
precipitate with bromine. If a saturated solution of mercuric chloride 
is added to a solution of the substance in alcohol, an additive com- 
pound is formed which crystallises from dilute alcohol in long, silky 
needles and melts at 213 — 214° (uncorr,). A plafcinichloride is formed 
on addition of platinic chloride to a solution of the substance in hydro- 
chloric acid or in alcohol. This separates out in thick, golden needles, 
which are decomposed by boiling water, but can be crystallised appa- 
rently unchanged from a dilute solution of platinic chloride in hydro- 
chloric acid. The following numbers were obtained on analysis : 

0'3865 lost 0-0243 HgO at 100° and gave 0*0859 Pt. H20 = 6’28; 

Pt = 22-22. 

( 05 HNCi^-NH 2 ) 2 ,H 2 PtClg + 3H20 requires ^ Pt = 22-69 

per cent. 

i-Aminotetrachloropyridim, — This substance was obtained from the 
preceding compound by the action of an excess of phosphorus penta- 
ohloride in sealed tubes at a temperature of 220 — 230° maintained for 
four hours. On cooling, the contents of the tubes were thrown into 
water, the precipitate collected and crystallised from alcohol, when 
colourless plates, or, if deposited slowly, cubes, were obtained. These 
crystals melted at 214 — 215° (uncorr.), a temperature somewhat higher 
than that previously given, and gave the following numbers on 
analysis : 

0-2150 gave 0-5333 AgCl. 01 = 61*33. 

0*2605 „ 26*73 c.c. nitrogen at 20*5° and 760 mm. IST = 1 1 *71, 
CgHgNgOl^ requires 01 = 61-14; N = 12*06 per cent. 

The properties of this compound agree with those of the amino- 
tetraohloropyridine described by Stokes and Pechmann (loc. ciL)^ and 
shown by them and by the authors to have the constitutional formula 
(c) given above. When boiled for two hours with excess of a solu- 
tion of sodium ethoxide in absolute alcohol, 2-ethoxy-4-aminotnchlpro- 
pyridine, melting at 83° (uncorr,), was obtained (Amer, Cliem. 
1886, 6, 393), a reaction which affords further confirmation of the 
identity of the compound, 

Univeesity Chemical Laboeatoby, 

Cambeidqe. 
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IT . — Tlie Dissociation Constants of very Weak Acids. 

By James Walker and William Oormack. 

Although the dissociation constants of many hundreds of organic 
acids have been measured, chiefly by Ostwald and his pupils, the feeble 
inorganic acids have been practically neglected in this respect. We 
are, in consequence, without accurate knowledge of the relative 
strengths of such common acids as carbonic acid, hydrocyanic acid, 
sulphydric acid, and boric acid, either relatively to each other or to 
acetic acid, which may be taken as the typical weak organic acid 
with a definite affinity constant. It is the object of the present com- 
munication to supply the necessary data for filling up this blank. 

The Ap'paratuB and Mode of Experiment. 

As most of the acids investigated were gaseous at the ordinary tem- 
perature, a closed form of apparatus had to be devised, which would 
permit of the solutions being diluted to definite strengths without 
communication with the air. In a vessel of the usual type, the loss 
of gas is very rapid, and accurate dilution is impossible* 

After several preliminary experiments, the principle finally adopted 
was that of the syringe. The electrodes were placed at the bottom of 
a long tube provided with a piston, which, by its regulated withdrawal, 
could be made to suck into the tube a measured quantity of the water 
\ised for dilution. A sketch of the whole apparatus is given in Fig, 1. 
The principal tube A was 46 cm. long and 2*2 cm. in diameter. The 
stem P was made of a glass tube of external diameter only slightly 
smaller than the bore of A, and was closed at the lower end by a 
rubber stopper J?, which formed the piston, and fitted closely to the 
walls of A. The external tube was closed at its lower extremity by a 
perforated rubber stopper provided with slits for the passage of the 
wires from the electrodes BE. These wires were soldered to copper 
wires WW, which made connection with the rest of the apparatus 
through the mercury cups MM. As the tube A was immersed in 
water for at least three-fourths of its length in order that a constant 
temperature might be secured, great care had to be paid to the insula- 
tion of the wires from the electrodes, as the conductivity of the water 
in the thermostat was much greater than the conductivity of the solu- 
tions investigated. The connections are shown on a larger scale in 
Fig. 2. The copper wires leading to the mercury cups, were covered 
with gutta-percha, and, as an additional precaution, were surrounded 
by tight-fitting glass tubes throughout the whole length immersed 
in the water. The connections, together with the lower end of the 
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tube aud the stopper, were embedded in parajBSn wax, a short piece of 
wide rubber tubing being slipped over all before the paraffin wax had 
set» When the apparatus thus protected was placed in ordinary tap 
water, no current between the wires could be detected with an induc- 
tion coil and telephone (compare Ostwald, FhyBico-chmical Measure- 
mentSj p. 222) if no liquid were inside the apparatus. 

The apparatus was filled in the following manner with the solution 
to be investigated. A bent tube iPwas introduced into one of the 
holes in the stopper so that connection might afterwards be formed 


Fig. 1. Fig, 2. 



with the measuring vessel W by means of a short piece of rubber 
tubing provided with a clip. The syringe was now inverted, and the 
piston withdrawn, so as to leave a little more than 20 c.o. clear space 
above it. By means of a pipette or burette, 20 c.c. of the liquid to be 
examined were delivered into the apparatus through the other hole in 
the stopper, which was then closed by a glass plug, the piston being 
I thereafter forced upwards until the liquid reached the end of the tube 
i T, The measuring tube W, which, together with the connection tube, 
had been previously completely filled with water, was now attached to 
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1\ communication between the two vessels being prevented by the 
pineh-cock (7. Both the rubber tube and bent glass tube were chosen 
of narrow bore so as to prevent mixing of the liquids when the 
pinch-cock was open. The whole apparatus was now placed in the 
upright position in a thermostat containing water at 18°, at which 
temperature all measurements in this paper were made. The thermo- 
stat consisted of a tall enamelled cylinder of about 20 litres capacity, 
the outer vessel of a steam steriliser being found very suitable. The 
mercury cups MM were fixed in a copper stage fastened to the rim of 
the thermostat. 

The measurements were made with induction currents and telephone 
in the manner described by Kohlrausch and Holborn {Ldtverm^gen der 
Elehtrolyte), For the weakest acids measured, the electrodes were not 
platinised j for stronger acids, like carbonic acid, they were platinised 
with Lummer and Kurlbaum^s solution. In order to wash the electrodes 
free from conducting substances after platinisation, we first of all 
electrolysed a solution of sodium acetate between them as recom- 
mended by Walker and Hambly (Trans., 1897, 71, 63), after which 
no difficulty was experienced in rendering them fit for use in a few 
hours by treatment with water. All the rubber parts of the apparatus 
were subjected to the prolonged action of water before being used, 
and did not affect the conductivity of the purest water we employed 
during the time necessary for completing a series of dilutions. 

After the first measurement of the conductivity had been made, the 
solution was diluted by the addition of 20 c.c. of water, which was 
admitted by opening the clip 0 and the stopcock of the measuring 
tube (a Schiff nitrometer), the piston being then carefully withdrawn 
until the level of the water in the measuring tube reached the 20 c.c. 
mark. The clip and stop-cock wore then closed, and the diluted solu- 
tion thoroughly mixed by inverting the conductivity vessel several 
times. The mixing was effected by the glass float Fot approximately 
the same specific gravity as water. The apparatus was then replaced 
in the thermostat, and a reading of the conductivity made when tem- 
perature equilibrium had been established. The solution was again 
mixed and another reading taken. If this differed from the first, the 
operations were repeated until a constant value was obtained, which 
occurred, as a rule, in less than fifteen minutes. The dilution was now 
continued by the addition of another 20 c.c. of water in the manner 
previously described, the level of the water in the nitrometer now 
standing at the 40 c.c, mark. In this way, four to five dilutions by 
successive increments of 20 c,c. could be made in little more than an 
hour, without the solution coming in contact with the air during the 
process,. 
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Prepm^ation of the Water used for Dilution, 

We found no difficulty in obtaining a supply of water with a con- 
ductivity of 0*7 X 10“^ in Siemens units, at 18°, by three successive 
distillations, namely, with alkali, with phosphoric acid, and, finally, with- 
out the addition of any chemical. The last distillation is the most im- 
portant, and must be conducted in a room containing no volatile acids 
or alkalis, the atmosphere even of a well ventilated chemical laboratory 
being fatal to the preparation of water of the above quality. In this 
last distillation, the water was condensed in a tin pipe, the end of 
which passed through the rubber stopper of a bottle which was further 
provided with a glass syphon tube and a long, narrow inlet tube for 
air. In this bottle, the water suffered no deterioration in quality even 
when kept for several days. It is essential, if weak acids are to be 
investigated, that the conductivity of the water used for the prepara- 
tion and dilution of the solutions should not exceed the above value, 
otherwise errors of unknown magnitude are introduced into the deter- 
minations of the conductivity. The conducting power of water of the 
conductivity 0*65 x lO”^ is due to dissolved carbonic acid almost 
entirely, and it will be shown in the sequel that the error thereby 
introduced into the conductivity of other weak acids is not only very 
small, but can be estimated and eliminated with moderate accuracy. 

Carbonic Acid, 

When carbon dioxide dissolves in water, the solution produced 
possesses a considerable electrical conductivity, indicating the forma- 
tion of the acid HgOOg. The conductivity of such solutions have 
already been measured by Pfeiffer {Ann. Phys. Chem., 1884, 23, 625) 
and by Knox {ibid., 1895, 54, 44). The solutions studied by Pfeiffer 
were prepared under pressure, and are therefore somewhat too con- 
centrated to be of service in fixing the dissociation constant of carbonic 
acid ; the solutions investigated by Knox, on the other hand, are 
sufficiently dilute to permit of a constant being calculated, although 
Knox did not seek to perform the calculation himself, 

« Knoxes results are given in the following table, the letters bearing 
their usual signification, namely: 

= Dilution, or number of litres in which 1 gram-molecule is 
contained, 

p. = Molecular conductivity. 

“ Proportion of acid dissociated. 

^ — Dissociation constant, or the value of the A'yp-p^,<g __ 7^ 

(l-m)v’ 
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In calculating the dissociated proportion, the molecular conductivity 
of carbonic acid at infinite dilution was made equal to 336 at 18°, the 
data used in fixing this number being given below. 



At.* 

m. 

k. 

12*61 

0*731 

0*00217 

0'0<j376 

14*54 

0*789 

0*00235 

379 

18*43 

0*877 

0*00261 

370 

24*9 

1*025 

0*00305 

375 

36*36 

1*233 

0*00367 

372 

53*2 

1*487 

0*00443 

370 

74*3 

1*756 

0*00523 

370 

125 

2*300 

0*00684 

377 

287 

3*520 

0*01048 

386 

1099 

7*540 

0*02244 

469 


The constancy of the expression h for a tenfold increase in the 
dilution leaves nothing to be desired. At the two greatest dilutions, 
the constant increases rapidly owing to the conductivity of the water 
used in preparing the solutions, for which no correction has been 
made in the calculation. 

Before beginning our own experiments on the conductivity of 
carbonic acid, we made a series of jneasurements on the conductivity 
of solutions of sodium hydrogen carbonate, in order to obtain the 
data necessary for the calculation of the conductivity of carbonic 
acid at infinite dilution. As it was possible that the sodium hydrogen 
salt might undergo some degree of hydrolysis at the greatest dilutions 
we investigated, two series of experiments were made. In one set, 
the solution was diluted with water in the usual manner by means of 
pipettes. In the other set, the diluent employed was a solution of 
carbonic acid, in order that the extent of hydrolysis might be reduced 
(compare Bredig, Zeit phyailmL Ghem., 1894, 13, 214). Both sets 
yielded practically the same result, as indeed might have been ex- 
pected, the magnitude of the dissociation constant of carbonic acid 
indicating that the extent of hydrolysis of sodium hydrogen carbonate 
would not exceed a fraction of a per cent, even at the greatest dilution 
we investigated. The molecular conductivities here, as throughout 
this paper, are expressed in Siemens units, a 0'02-normal solution of 
potassium chloride with molecular conductivity equal to 112*2 at 18*^ 
having been taken as the standard of reference. 

* The molecular conductivities in the abstract of Knox's paper {Z^U* phyaikah 
1895, 17, 186) have been reduced to half the true value by au inadvertence 
in the recalculation ; the dissociation constant given there is consequently 
erroneous. 
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Sodium hydrogmi carbonate, Na^HCO'jj. 


V. 

IX. 

32 

66:6 

64 

68-6 

128 

71-1 

256 

73-9 

612 

76-0 


These numbers point to a conductivity of 79 '5 for sodium hydrogen 
carbonate at infinite dilution (compare Bredig, loo. cit.j 198). Sub- 
tracting from this total value the number 41-5 for sodium (Kohl- 
rausch), we are left with the value 38 for the ion HCO'g. To this we 
must now add the value 298 for the hydrogen ion (Kohlrausch), and 
thereby obtain the number 336 as the molecular conductivity of 
carbonic acid, H'HCO'g at infinite dilution. 

The carbonic acid used by us was prepared from marble and hydro- 
chloric acid, and was washed by passing through two wash-bottles 
and finally a Geissler potash bulb all filled with pure water. The 
gas was then bubbled through water of minimum conductivity con- 
tained in a carefully cleansed bottle. To estimate the concentration 
of the solution thus obtained, we employed Pettenkofer's method, the 
titrations being made with fortieth-normal solutions of baryta and 
hydrochloric acid. 

The following table gives the conductivity results for carbonic acid 
solutions prepared in this way : 


Carhonic acid, HgCOg, fiom marble, 


V. 

fl. 

m. 

k 

31-26 

1-038 

0-00309 

0-0 fl 306 

62*5 

1-475 

0-00439 

309 

93-7 

1-800 

0*00536 

308 

126 

2-083 

0*00620 

309 



Mean..... 

0-0 o 308 


As a very slight amount of impurity, say hydrochloric acid, would 
considerably affect the conductivity of a weak acid such as carbonic 
acid, another solution was prepared by passing the gas generated by 
the slow evaporation of solid carbon dioxide, first through pure water 
to wash it, and then through water of minimum conductivity. In this 
way, it was thought that the presence of all conducting impurities 
would be avoided. As the subjoined table indicates, practically the 

same numbers wero ebts.i'neH fi,R -for en-rbenif*. A-nid frnm mn.rblp 
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Garhonic acid, H^COg, from solid carbon dioxide. 


V, 

At. 

m. 

h. 

27-5 

0-972 

0*00289 

0*0fj305 

55*0 

1-368 

0*00407 

303 

82-6. 

1-679 

0*00500 

304 

110-0 

1-930 

0*00575 

302 



Mean.... 

....;0-0e304 


The value of the constant calculated from our experiments is thus 
about 20 per cent, less than the value calculated from Knox’s numbers, 
corresponding to an actual difference in the conductivity of 10 per 
cent. In view of the small conductivity of the solutions investigated, 
this difference cannot be said to be excessive, and is probably to be 
accounted for as follows. In the first place, the water which we used 
for the dilutions was of distinctly better quality than that employed 
by Knox, the conductivity of which varied from 0*95 x 10~® to 
2*6 X 10“*®, and was especially large for the most dilute solutions where 
its proportionate influence is greatest. Thus at the dilution 125, the 
conductivity of the water amounted, to 12 per cent, of the total con- 
ductivity of the solution. It is clear, therefore, that this alone might 
go a long way in accounting for the larger numbers obtained by Knox. 
The mode of measuring the concentration of the solutions was also 
different in the two cases. Whilst we used a chemical method for 
estimating the carbonic acid in the solutions examined by us, Knox 
determined the amount dissolved by measuring the pressure of carbon 
dioxide with which the solution was in contact, and then calculating 
from Bunsen’s absorption coefl&cient for 18° by means of Henry’s law. 
Now Bunsen's number may be affected by an error of several per cent., 
as a reference to his paper {Liebig^s Annalen, 1865, 93, 1) will show, 
and it is by no means certain that Henry’s law is accurately true 
throughout the range of pressures considered. We are therefore dis- 
posed to adhere to our own numbers as being probably the more 
accurate, notwithstanding the satisfactory constancy of the expression 
h exhibited when Knox’s values are used in the calculation. 

Oondmtivity of Water Distilled in Air. 

On the assumption that Henry’s law was valid, and that the con- 
ductivity varied inversely as the square root of the dilution, which is 
very nearly the case for carbonic acid, Knox calculated what the con- 
ductivity would be if the water was saturated with carbon dioxide at a 
pressure equal to the partial pressure of the gas in atmospheric air. The 
result given in his paper, viz., O'SSxlO'^in reciprocal Siemens units, 
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i«, however, erroneoiiK, owing to an arithnqetical error in the last 
equation {loo- oit- p. 57). The correct number deduced from his data is 
0*725 

A. more accurate value can be calculated from the dilution formula, 

(1 — mjv’ 

as follows. At 18°, the dilution of a solution saturated with carbon 
dioxide at a pressure of 760 mm. is, according to Bunsen’s absorption 
data, equal to 24 litres. If the partial pressure of carbon dioxide in 
air is 0‘0003 atmosphere, the dilution of a solution saturated at this 
pressure will be 24/0-0003 = 80000. If, then, in the above equation we 
substitute 0*000000304 for A and 80000 fort?, we obtain m = 0*144, 
that is, 14*4 per cent, of the carbonic acid dissolved from normal air 
by pure water is dissociated into the ions H* and HCO'g. From the 
degree of dissociation m we obtain the molecular conductivity fx by 
multiplication with 336, the maximum molecular conductivity of car- 
bonic acid at 18° From this value, namely, 48*4, we obtain the specific 
conductivity on dividing by the dilution in cubic centimetres, so that 
.we have the conductivity 48*4/80,000,000 = 0*605x 10'"® for water 
which has been in contact with the atmosphere at 18°. 

It is highly improbable that Henry’s law in an unmodified form can 
be applied with propriety to such a case as that discussed above. Fi'om 
the study of analogous cases, it appears much more likely that the con- 
centration of the gas in the air bears a constant ratio to that of the imdis- 
sociated portion oi the dissolved gas, rather than to the concentration of 
the total dissolved gas. The dilution of the undissociated portion 1 - m 
thus becomes 80000, and the dilution of the whole gas dissolved 69000. 
Oalculating in the same manner as above described, we obtain the 
value 0*65 x 10"® for the conductivity of water which has been in 
contact with air. If we use the constant derived from Knox’s 
numbers, the values become 0*67 x 10"® and 0*71 x 10“® for the un- 
modified and modified forms of application of Henry’s law respectively. 

Kohlrausch {Zeit physikal. Ohem., 1894, 14, 321) found that water 
prepared in a vacuum and of conductivity 0*11 x 10“®, gained in con- 
ductivity on being left in contact with tlie air until the value 
0*60 X 10"® was reached. It is also stated by Kohlrausch and Holborn 
{loo, p. Ill) that the lowest conductivity obtainable for water dis- 
tilled in air is 0*65 x 10"®. It will be seen that these values are in 
excellent agreement with those calculated from our experiments, so 
that we may assume with confidence that carbon dioxide is the only 
substance in the atmosphere which confers conductivity on water. 
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State of Garbon Dioxide in Aqueous Solution, 

In what has been said above, it is assumed that all the dissolved' 
carbon dioxide exists in the aqueous solution as carbonic acid, H^COg. 
This is by no means necessarily the case, for a large proportion might 
exist in the solution as carbon dioxide without entailing any alteration 
in the apparent dissociation constant. We may sup^se, for example, 
that only half of the dissolved carbon dioxide exists in the solution as 
H COg and its dissociation products H* and HCO 3. If ®, as before, 
represents the volume in which 1 gram-molecule of the carbon dioxide 
is dissolved, irrespective of the condition it assumes in the dissolved 
state, the dilution formula becomes 


since the quantity of HgCOa, which was formerly 1, is now only 
Now, in solutions of this strength which we investigated, m does not 
amount to more than 0 - 006 , so that we can write the dilution formula 

in the form 


without sensible error. If only half of the dissolved gas is contained 
in the solution as HjCOg, this formula becomes 


We have therefore k' - 2 k. The real dissociation constant of the acid 
H CO would therefore, in this case, be twice the apparent dissociation 
coLtak namely, equal to O-OgBOS. In general, if Ijn represents the 
fraction of the total dissolved carbon dioxide which_ exists in the 
solution as HjCOg, the dissociation constant for the acid will be nk, 
where k is the apparent dissociation constant calculated from our 
experiments. What is here stated holds good, however, only for 
moderate degrees of dilution and for moderate values of for as soon as 
m becomes of dimensions approaching those of 1/w, the simple formula 

can no longer he applied. 1 j 

We have assumed above that' the proportion of the dissolved gas 

which remains as COg is . constant and independent of the dilution of 
the solution. This assumption is justifiable, since the active mass of 
the solvent water must remain sensibly constant for dilute solutions, 
and the quantity converted into H3OO3 will therefore he proportional 
to the quantity dissolved. It is possible, however, that the equi- 
librium is between the CO3 in solution and the mdmooiated HgCOj, not 
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the whole atnonnt of H 2 OO 3 and its dissociation products. For modei’ate 
dilutions and moderate values of 71, this latter assumption in no way 
alters the deductions given above. 

Since we obtain a constant value of /c for dilutions up to 125 litres, 
the value of oi cannot be very great — cannot, for instance, well be more 
than 5, for otherwise Ostwald^s dissociation formula would not be 
applicable in its simple form. The agreement, too, between the actual 
and calculated values of the conductivity of water which has absorbed 
carbon dioxide from normal air points to the value of n being small, 
probably not greater than 2. We may take it, then, as fairly certain 
that when carbon dioxide dissolves in water, at least half of the dis- 
solved substance exists in the form of the acid HgOOg. 

It is only the apparent dissociation constant which is of interest to 
us, however, for it is that which enables us to calculate the strength 
of carbonic acid in solution as an accelerator, as a conductor of elec- 
tricity, or as competing for a base against other acids. A knowledge 
of the real constant, and of the constant regulating the equilibrium, 

H^O + OOg^HgCOg, 

would be of undoubted theoretical interest, but for practical purposes 
and ordinary solutions, the apparent constant supplies us with all the 
information necessary for the treatment of problems likely to occur. 


Hydrogen Sulphide, 

In 1885, Ostwaid determined the conductivity of hydrogen sulphide, 
and found that it was very small. No constant can be calculated 
from his numbers, however, as at that date the influence of the qua^|y 
of the water employed in making the solutions was insufficiently 
stood. We therefore made several determinations with the best water 
we could obtain, and with hydrogen sulphide as free as possible from 
foreign conducting matter. 

The hydrogen sulphide was prepared by the action of hydrochloric 
acid on a very concentrated solution of pure sodium sulphide, and 
was subjected to no other purification than thorough washing with 
water, the final washing taking place through water contained in a 
Geissler potash apparatus. If the hydrochloric acid is added at such 
a rate that the disengagement of hydrogen sulphide is slow and 
steady, the method gives a product of constant conductivity. The 
str^gths of the solutions thus prepared were estimated by adding a 
measured quantity of the solution to a known excess of silver nitrate 
solution, filtering, and determining the amount of silver in the filtrate 
by Yolhard’s method. 

The maximum conductivity of hydrogen sulphide, treated as the 
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monobasic acid was fixed by means of measurements of the 

conductivity of sodium hydrosulpbide, NaHS (Walker, Proo, Roy. 
SoG. Edin,^ 1893-4, 255). These measurements give 58 as the ionic 
rate for HS', and therefore 356 as the maximum conductivity for 
hydrogen sulphide at 18°. 

Hyd/rogm sulphide^ 


-y. 

fl. 

m. 

h 

25 

0-426 

0-00119 

0 -O 7572 

50 

0-590 

0-00168 

668 

76 

0-731 

0*00205 

562 

100 

0-854 

. 0-00240 

577 

126 

0-944 

0-00265 

568 



Mean.... 

.. 0-0y569 


Another similar set of experiments at somewhat smaller dilutions 
gave the mean value 0*0.7574, which is practically identical with the 
former result. 

Since the impurity in the water used for dilution is carbonic acid, the 
dissociation constant of which is known, it is possible to correct the 
individual values of the conductivity by using the dissociation 
equations for the separate acids. As ^the correction in this case, 
however, is of very small dimensions, it may be neglected without 
sensible error. An example of the method of calculation employed in 
the correction will be given when the conductivity of phenol is under 
consideration. 

Sydrocyanic Acid, 

We are again indebted to Ostwald for measurements of the electric 
conductivity of hydrocyanic acid. He found the conductivity to be 
considerably smaller than that of hydrogen sulphide, but, as before, 
his numbers are not su30Sciently accurate to permit of the calculation 
of a dissociation constant, owing to the uncertain correction for the 
conductivity of the water employed as solvent. . 

In our experiments we used water of conductivity not exceeding 
0*65 xl0~^, and even with water of this quality experienced much 
difficulty in obtaining satisfactory solutions. The method we finally 
adopted for preparing solutions of hydrocyanic acid was first to 
prepare a liquid acid very nearly free from water, and then allow the 
vapour of this to pass slowly into the water of minimum conductivity. 
The liquid hydrocyanic acid was obtained by gently heating a 
mixture of potassium ferrocyanide and glacial phosphoric acid with 
an equal bulk of water, and condensing the vapour in a cooled dis- 
tilling fiask. When a sufficient quantity had been collected, the 
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distilling flask was disconnected from the generating apparatus and 
attached to a delivery tube which dipped beneath the surface of the 
water used as solvent. As the conductivity of the hydrocyanic acid 
was very small, the solutions were made as strong as was consistent 
with the theoretical possibility of obtaining a constant value for the 
expression h. Jt was found that non-platinised electrodes gave better 
results than those which had been platinised. 

Kohlrausch has shown that the molecular conductivity of potassium 
cyanide in concentrated solutions (normal and semi-normal) is inter- 
mediate between the molecular conductivities of equivalent solutions 
of potassium chloride and potassium iodide. As these two salts have 
practically the same molecular conductivity for infinite dilution, it was 
assumed that the conductivity of potassium cyanide would have a 
maximum value equal to 121 *6, which gives 60 for the ion ON' and 
358 for the conductivity of HON at infinite dilution. 

The concentration of the original solution was determined with 
silver nitrate solution according to Liebig's method. 

Hydrocyanic acid^ H'CN'. 


V 

At 

m 

k 

2 

0*0183 

0-0000512 

0*08131 

4 

0*0262 

738 

133 

8 

0-0320 

894 

133 

16 

0-0365 

1019 

130 



Mean..,. 

.. O-O 3 I 32 


Another set of experiments gave a mean value of 0*0gl4, and several 
preliminary experiments gave still higher values. We have chosen 
the smallest value as being the most probable, owing to the fact that 
any possible impurity would increase the conductivity and thus the 
constant. 

The constant as it stands is probably still too high, for even the 
presence of the carbonic acid in air-saturated water would effect an 
increase of about 2 per cent, on the mean value. 

JBm'ic Acid* 

Kahlenberg and Schreiner {Zeit physikal Chem,^ 1896, 20, 547) have 
shown that in all probability only one boric acid exists in solution, 
namely, HgBOg, and that in dilute, solutions the only stable salt is of 
the type NaHgBOg. From their conductivity numbers, it would appear 
that the maximum conductivity of the salt NaH^BOg is about 75*0 at 
Now this number is certainly too great, as Shields has proved 
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that a decinormal solution of borax is hydrolysed to the extent of one- 
half per cent. The conductivity of the sodium hydroxide produced by 
the hydrolysis is much greater than that of an equivalent solution of 
the boric acid salt, so that we must make a deduction of at least 3 per 
cent, in order to obtain an approximate value of the maximum con- 
ductivity of the non-hydrolysed salt j this would lead to a value of 
somewhat more than 72. In order to check this result, we made a 
series of determinations of the conductivity of the salt at 18°, using a 
0*025-normal solution of boric acid as dilution liquid in order to 
diminish the hydrolysis. From our experiments, we deduced the value 
71*5 as the maximum conductivity of the salt NaHgBOg, supposing 
hydrolysis to be absent. This value would give 328 as the maximum 
conductivity of the acid H 3 BO 3 if the dissociation is into the ions H* 
and HgBO'g. 

The boric acid we employed in our experiments was thrice recrystal- 
lised from pure water in a platinum vessel, and the solution made up 
by weight. The electrodes used in the final experiments were not 
platinised, but platinisation did not seem to affect the accuracy of the 
method or alter the numbers obtained. 



Boric 

H-HaBO'g. 


'O, ■■ 


m. 

h. 

IM 

0-0450 

0-0000137 

O'OgHO 

22*2 

0-0636 

194 

169 

33-3 

0-0783 • 

239 

171 

44.4 

0-0891 

272 

166 



Mean 

... 0*08169 


, Another set of experiments yielded the mean value 0*08170. 

This constant is of the same magnitude as that for hydrocyanic 
acid, and a similar correction would have to be applied to eliminate 
the ejffect of the conductivity of the carbonic acid in the water 
employed for dilution. 

Bock {Ann, Fhys, Ghem,^ 1887, 30, 638) made some observations on 
the electric conductivity of boric acid solutions at 18°, but the solu- 
tions he employed were stronger than ours, and the results he ob- 
tained do not yield a value for h which is even approximately 
constant. If, however, we take his most dilute solution, which is 
comparable with our strongest solution, we obtain the following : 
v. fu m, k. 

8 . 0-0386 00000118 O-OglTi 

This value is in excellent accordance with that obtained in onr 
cSWn experiments, 

VOL. LXXVIX. 0 
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PkenoL 

Bader {JZeit physikaL Ckem.^ 1890, 6, 289) has given numerous data 
for the conductivity of the phenols and their substitution products. 
Many of the substitution products yield definite dissociation con- 
stants, but this is not generally the case with the simple phenols 
themselves. Thus he obtains for phenol, the following 

values at 26^: 


. V. 

fi- 

h. 

26 

0-14 

0-0j056 

60 

0-23 

077 

100 

0-41 

120 


Here the value of the expression k varies greatly, a fact which is 
possibly due to the character of the water employed in the dilutions. 
Bader gives no figures from which we can judge the quality of this 
water. 

As we suspected that Bader’s numbers for phenol were considerably 
too high, we determined the conductivity of as pure a solution as we 
could produce. A quantity of colourless crystallised phenol was 
shaken up in a stoppered cylinder with successive small quantities 
of pure distilled water in order to remove any conducting substance 
which the phenol might contain. A solution of this purified phenol 
was then made up by weight, the phenol being assumed to have taken 
up 26 per cent, of water, in accordance with the experiments of 
Alex4etf. The results we obtained were as follows : 

17. /l. : M. 

10 0-0132 ^ O-OOOOil 

It will be seen that this value is only about one-tenth of that ob- 
tained by Bader for the molecular conductivity under corresponding 
conditions of temperature and dilution^ But this value must itself 
be too great* The sp^ific conductivity of the water used to prepare 
the solution was 0*65 x 10"*®, the specific conductivity of the solution 
being only twice tMs magnitude, namely, 1*32 x 10 We are not 
justified in assuming, however, that the conductivity of the phenol is 
equal to the difference of these two numbers, for if carbonic acid is 
the impurity present in the water, each acid will lower the dissocia- 
tion, and therefore the conductivity, of the other, so that the cor- 
rection will not be so large as at first sight appears. The mode of 
correction is as follows. 

Bor the maximum conductivity of phenol, we have the number 322 
according to the rule established by Ostwald for organic acids. The 
degree of dissociation of the phenol solution is therefore 0-000041 if 
we take the uncorrected conductivity. The concentration of the 
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hydrogen ions is therefore one-tenth of this, namely, 41 x 10“"^, and this 
number is practically correct, since the hydrogen ions are responsible 
for at least seven-eighths of the conductivity, and the difference in the 
speeds of the carbonate and phenolate ions vanishes in comparison. 
The equilibrium in the case of carbonic acid is regulated by the 
equation 

(H ions) X (HOOg ions) _ 

(HgOOg) ~ , 

the quantities in brackets indicating concentrations in gram-molecules 
per litre. INow the total concentration of the carbonic acid dissolved 
from the air is 125 x 10”'^ in the same units. If is taken to repre- 
sent the concentration of the HCOg ions, we have thus the equation 


41 X lO""^ X n 
(125 X 


3*04 X lO-^, 


whence 9 x lO*"^, The number of hydrogen ions coming from the 
carbonic acid in the water is therefore 9 x 10~^. This deducted from 
the total concentration of hydrogen ions leaves 32 x 10“"^ as the con- 
centration of hydrogen ions derived from the phenol, so that this 
number also represents the concentration of the OgH^O ions. Now 
the product pf the hydrogen and phenolate ions in the above solution 
must be equal to the product of the same magnitudes for a solution of 
phenol in water free from carbonic acid. If d therefore represents 
the concentration of dissociated phenol in the pure solution, we have 

c22 = 41 xl0"7x 32x10-7 

c? = 36 X 10-7j 


whence we obtain as the degree of dissociation of a pure decinormal 
solution of phenol, 71 — 0*000036 instead of the uncorrected value, 
0*000041. 

Using this corrected value, we find A — O'OglS as an approximate 
value of the dissociation constant of phenol, that is, about one-fortieth 
of Bader's smallest value of A. 


Acetylene, 

Jones and Allen {Amer, Ghem, J., 1896, 18, 1) give numbers for 
the conductivity of acetylene which are very much too high, probably 
as the result of some arithmetical error. The values they obtained 
when recalculated from equivalent into molecular weights indicate that 
acetylene is a stronger acid than acetic acid, which is certainly not the 
-case. . 

We made a single experiment in order to determine the magnitude 
of the conductivity of aqueous solutions of acetylene. The acetylene 

0 2 
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was prepared from calcium carbide and purified by washing in suc- 
cessive bottles containing silver nitrate solution, the gas being there- 
after thoroughly washed with pure water. A small quantity of pure 
water was then saturated with the gas at the atmospheric pressure. 
Since water dissolves about its own volume of acetylene at the ordinary 
temperature, the dilution of the solution thus obtained would be 
approximately 23, a number which we confirmed by precipitating 
with ammoniacal silver nitrate, filtering, and titrating the excess of 
silver in the filtrate with ammonium thiocyanate. The conductivity 
of this solution was only one-fourth greater than that of the solvent 
water, and this slight rise might conceivably be due in great part to 
the presence of a trace of some conducting impurity. We must there- 
fore conclude that acetylene has very feeble acid properties, its 
dissociation constant, being less, and in all probability much less, 
than that of phenol. 

Svmimry. 


The following table contains the dissociation constants of the acids 


which we investigated, the constant of acetic- acid being added for 
comparison : 


Acid. 

Ax 10’“. 

Acetic 

180000 

Carbonic 

3040 

Hydrogen Sulphide 

570 

Boric 

....... 17 

Hydrocyanic . . . . . . ....... . . . . 

....... 13 


Phenol 1'3 


A better idea of the relative strengths of the acids, however, may 
be formed from the subjoined table, which shows the percentage dis- 
sociation of the acids in decinormal solution. The numbers for hydro- 
chloric and acetic acids are derived from the data given by Kohlrausch 
and Holborn Qoc* the numbers for the other acids being calculated 
from the dissociation constants found by ourselves. 


Percentage degree of dissociation in decinormcd solution. 


Acid. 100 m. 

Hydrochloric 91*4 

Acetic 1*30 

Carbonic 0*174 

Hydrogen sulphide 6*075 

Boric 0*013 

Hydrocyanic....,....,.,..,.,.,..,,.... 0*011 

Phenol 0*0037 
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These numbers, inasmuch as they are proportional to the avidities, 
give a practical indication of the strengths of the acids. Thus, if 
acetic and carbonic acid compete for a monacid base, all three sub- 
stances being in molecular decinormal solution, the base will be shared 
between the acids in the ratio 1*3 :0T74, that is, the acetic acid will 
take eight parts of the base for one taken by the carbonic acid. 
Again, if carbonic acid and hydrogen sulphide compete in equivalent 
quantities for an equivalent of a base, the carbonic acid will take 
seven-tenths, and the hydrogen sulphide three-tenths. In the extreme 
case of hydrochloric acid competing against phenol in decinormal solu- 
tion, the phenol gets only 1 part in 22000. 

For acids weaker than acetic acid, the degrees of dissociation are in 
the ratios expressed by the above table for practically all dilutions, 
since they are, in fact, proportional to the square roots of the dissocia- 
tion constants. All the acids in the table have been treated as 
monobasic acids, so that molecular quantities are always considered, 
not equivalent quantities. We are justified in proceeding thus, for 
each acid in competing with another acid for an insufldcient quantity 
of a base, behaves in the first instance as a monobasic acid. Possibly 
the assumption would not be quite accurate for the case of carbonic 
acid competing for an equivalent of base against phenol, but where 
the polybasic acid is the weaker of the competing pair, the assumption 
is in every case justifiable. 

As to the probable accuracy of the numbers, it may be said that the 
conductivities and constants for the weakest acids are undoubtedly 
somewhat too high. We are of opinion, however, that the error is in 
no case very considerable, for our results are in close agreement with 
the hydrolysis determinations of Shields (Fliil, Mag,<, 1893, [v], 35, 
365), data now being available for the comparison of the two methods. 
A discussion of this connection between the conductivities of the weak 
acids and the extent of hydrolysis of their salts in aqueous solution 
will appear in another place. 

University Collbce, 

Dundee. 


III.— T/ze Preparation and Properties of Solid 
Ammonium Cyanate. 

By James Walker and John K. Wood. 

When a solution of ammonium cyanate (prepared by the double 
decomposition of silver cyanate and ammonium chloride) is evaporated 
to dryness, either 04 a water-bath or in a vacuum at the ordinary 
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temperature, the residue is found to consist entirely of urea, the 
transformation of the cyanate into urea taking place at an ever- 
increasing rate as the concentration of the solution becomes greater 
(Walker and Hambly, Trans., 1895, 67, 746). In alcoholic and other 
solutions, the conversion of ammonium cyanate into urea is still more 
rapid (Walker and Kay, Trans., 1897, 71, 489), so that, in order to 
obtain pure ammonium cyanate, it is necessary to prepare it directly 
in the solid state. 

Liebig and Wohler (Ann, Fhys, Ghem,^ 1830, 20, 393) attempted to 
prepare it by direct union of ammonia and cyanic acid, both sustances 
being in the form of gases. They describe their experiments as 
follows : ** When the vapour of the acid was passed into dry ammonia 
gas contained in a wide glass tube over mercury, the tube became 
warm and the gases condensed to a cloud which soon settled on the 
inner wall of the vessel as a microcrystaliine, very voluminous, woolly 
mass. In order to obtain it in larger quantity and free from the 
impurity of mercury, we brought the gases into contact in a dry flask. 
The cloud which was formed with simultaneous heating of the flask 
was deposited as a loose, snow-white powder, and at the mouth of the 
tube which delivered the cyanic acid gas there was produced a thick 
woolly vegetation, which, on account of the heat evolved, soon melted 
to clear drops which fell from the tube.” They showed that the loose 
powder gave the reactions of a cyanate, the clear drops being urea 
produced from the cyanate by the heat of the reaction. The powder, 
when left over mercury in presence of ammonia, remained unchanged 
for a week. Left in a vessel loosely covered with paper, it con- 
tinuously gave ofE ammonia, and in two days was almost entirely con- 
verted into urea. Both the freshly prepared cyanate and the urea 
formed by its transformation left a residue of much ^‘insoluble 
cyanuric acid ” (cyamelide) when treated with water. “ Prom these 
facts it appears then that ammonium cyanate is a basic salt, which 
undergoes transformation into urea with loss of ammonia.” 

It seemed to us likely that if we could prevent the heat produced by 
the union of the ammonia and the cyanic acid vapour from raising 
the temperature to a point at which ammonium cyanate was decom- 
posed or transformed, we might be able to obtain the normal cyanate 
in the pure state, and free from any admixture of urea or cyamelide. 
The method we at first adopted was to mix ethereal solutions of the 
reacting substances at the temperature of a good freezing mixture, 
and this we found to be successful. 

A wide glass tube was bent at an obtuse angle, and the horizontal 
portion charged with anhydrous cyanuric acid. The other limb 
passed downwards through a cork closing the mouth of a wide test- 
tube, and dipped beneath the surface of anhydrous ether which the 
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test-tube contained. This ether was kept at a temperature not 
exceeding - 17° by means of a freezing mixture. The cyanuric acid 
in the horizontal limb was gradually heated with a Bamsay burner, a 
moderately rapid stream of hydrogen being at the same time passed , 
through the tube in order to carry over the resulting cyanic acid vapour 
into the ether, in which the bulk of it dissolved. It is impossible to avoid 
the condensation of a considerable portion of the cyanic acid vapour to 
form cyanuric acid or cyamelide, so that, unless the tube chosen is at 
least half an inch in diameter, it is apt to become blocked before 
the experiment is completed. We now freed the ethereal solution 
of cyanic acid from cyamelide and other solid matters by filtration 
through a dry filter, and mixed it with a solution of ammonia in 
anhydrous ether in such proportions that the acid remained in 
slight excess. As a rule, the ethereal solution of ammonia was also 
cooled to the temperature of the freezing mixture, but experiments 
showed that this was not absolutely necessary. A flocculent, semi- 
gdatinouB precipitate separated as soon as the solutions were mixed, 
and the temperature did not rise more than a few degrees, the 
heat of the reaction being mostly absorbed in warming the solvent. 
The precipitate was collected as rapidly as possible with the 
aid of a filter-pump, and freed from ether in an exhausted desic- 
cator over sulphuric acid. In the case of sonae samples used for 
analysis, moisture was carefully excluded during the process of 
filtration, and the temperature was kept below zero by means of a* 
freezing mixture surrounding the filter-tube. 

When the ether had been entirely removed from the precipitate, the 
latter presented the appearance of a pure white mass, caked together 
and very friable. It dissolved completely in water, the solution 
having a perfectly neutral reaction to litmus, so that neither cyamelide 
nor free ammonia could be present. On the addition of strong nitric 
acid, there was a copious evolution of gas, and no precipitate of urea 
nitrate was obtained. Silver nitrate gave a pure white precipitate, 
soluble in nitric acid, and also in boiling water, from which crystals 
were deposited on cooling. These reactions all tended to show that 
the substance was ammonium cyanate free from admixture of the 
impurities met with by Liebig and Wbhler, and analysis served to 
confirm this conclusion. 

0-0607 gave 0*0441 COg and 0*0382 Hfi, 0«19*8; 

0*0351 „ 13*80 c.c. moist nitrogen at 11*6° and 760mm. K = 46*8. 

requires 0« 20*0 ; H*»6*7 ; N«=46*7 per cent. 

The ammpnia in the ammonium radicle of the substance was 
estimated by adding a weighed portion to excess' pf silver nitriite 
(whereby silver cyanate and ammonium nitoate were 
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filtering, and distilling the filtrate with caustic' soda, the ammonia 
eTolyed being collected in a known quantity of hydrochloric acid, and 
determined by titration in the ordinary way. 

0*1026 yielded ammonia which neutralised 17*08 c.c, of i^/10 acid. 

NH^CNO requires NH4=30*0; found 30*0 per cent. 

The amount of the cyanate radicle was estinoated by adding a known 
weight of the substance to excess of decinormal silver nitrate, silver 
cyanate being precipitated. Although silver cyanate is perceptibly 
soluble in water, it is almost insoluble in water containing sfiver 
nitrate (Walker and Hambly, loc. dt, 747). The precipitate was there- 
fore washed in a Gooch crucible, first with water containing a little 
silver nitrate, and then with absolute alcohol until the filtrate gave 
no reaction for silver. The silver cyanate was then dried at 120° and 
weighed. 

0*1235 gave 0*3126 AgCNO. 0170 = 70*9. 

NH^CNO requires 0170 = TO'O per cent. 

These analyses show that the substance obtained by mixing ammonia 
and cyanic acid in ethereal solution at a low temperature is normal 
ammonium cyanate free from admixture with other substances. 

In order to ascertain if it were not possible to prepare pure ammonium 
cyanate without the medium of a liquid solvent, the gaseous sub- 
stances were brought together at the ordinary temperature in a 
diluted state, so that heating might be avoided as far as possible. A 
current of dry hydrogen was led through a cooled ethereal solution 
of cyanic acid, and then by means of a glass tube to the bottom of a 
large globe. Into the same globe was led a stream of air which had 
bubbled through strong aqueous ammonia, and had then been dried by 
passing over quicklime and solid caustic potash. These gases there- 
fore carried into the globe gaseous cyanic acid and ammonia re- 
spectively in a dilute condition. The currents were so regulated that 
the reacting substances were delivered slowly, and as they entered 
at different parts of the large globe, the process of mixing was 
very gradual, the ammonium cyanate falling as a sort of snow at the 
bottom of the globe, and forming vegetative growths round the 
mouths of the delivery tubes. 

After a sufficient quantity had collected, the substance was at once 
transferred to a desiccator, which was rendered vacuous in order to 
remove any excess of ammonia or cyanic acid which might cling to 
the salt. The substance was found, as before, to dissolve in water 
without residue, and to yield a pm-fectly neutral solution. It there- 
fore contained neither cyamelide nor free amiuonia, and analysis 
showed that it was fi'ee from urea, 
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oasis gave 0*4496 AgCNO. CNO = 69*3. 

0a823 „ 0*4517 AgCNO. CNO = 69*4. 

NH^CNO requires CNO = 70*0 per cent. 

That the precipitate obtained by the addition of the substance to 
the silver nitrate solution was in reality silver cyanate, was proved by 
converting the silver salt in the Gooch crucible directly into chloride 
by means of hydrochloric acid, and weighing the silver chloride thus 
produced. 

0*4517 silver salt gave 0*4297 AgCL Ag = 71*6, 

AgCNO requires Ag = 72*0 per cent. 

It thus appears that pure ammonium cyanate may be prepared by 
the union of gaseous ammonia and cyanic acid, if care be taken that 
the heat produced by their combination does not raise the temperature 
of the product to the point at which it is transformed into urea. 

The solid cyanate, when prepared from the gases, presents under the 
microscope the aspect of very fine needles which show double refraction 
when examined with a polarising apparatus. It is very readily soluble 
in water, and the solution, when evaporated, leaves a residue of urea. 
On heating in a capillary melting point tube, it contracts visibly at a 
temperature somewhat above 60° and melts suddenly at a temperature 
in the neighbourhood of 80°, the exact point depending on the rate of 
heating and on the tightness with which the substance is packed in 
the tube. The fused mass, however, speedily resolidifies, and does not 
melt again until a temperature of 128 — 130° has been reached. The 
contraction at 60° indicates incipient conversion into urea. At 80°, 
the transformation takes place so rapidly that enough heat is evolved 
to fuse the urea produced, the second melting point of 130° being 
that of urea. During the first fusion, a small quantity of gas 
is invariably evolved, and when the experiment was repeated on a 
larger scale the gas was found to be ammonia. It was noted also that 
although the original ammonium oyauate was completely soluble in 
water, the product after transformation left a slight insoluble residue 
which was apparently cyamelide. This production of small quantities 
of ammonia and cyamelide constantly accompanies the transformation 
of solid ammonium cyanate into urea, and sufficiently explains the"^ 
origin of the impurities obtained by Liebig and Wohler, as well as their 
inference that the substance produced by the union of gaseous ammonia 
and cyanic acid is a basic ammonium cyanate, 

A quantitative experiment was made in order to determine the 
amount of ammonia given off during the conversion of the solid 
cyanate into urea, A Lunge nitrometer was filled with dry mercury 
up to the Greiner and Friedrich stopcock with which it was provided. 
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There was then connected directly to the capillary tube, by means of a 
small piece of thick-walled rubber tubing, a bulb-tube which contained 
1 gram of solid ammonium cyanate. By raising and lowering the 
mercury reservoir, with suitable manipulation of the stopcock, the 
bulb was rendered vacuous, and the mercury finally permitted to run 
back so as to fill it. The bulb was then heated in water at 95°, and 
after about a minute gas was vigorously evolved. When the trans- 
formation was complete, the mercury levels were adjusted and the 
volume of gas read off, the capacity of the bulb and capillary having 
previously been determined j 1 c.c. of water was then introduced into 
the nitrometer, and in this the gas dissolved completely. The volume 
of ammonia obtained in this experiment and reduced to normal con- 
ditions was 11 '4 c.c., corresponding to 0'0086 gram. The quantity of 
dry cyanate which would produce this amount of ammonia is O'OSO 
gram, so that we may say that 3. per cent, of the cyanate on trans- 
formation is decomposed with production of ammonia, the rest of the 
molecule being probably converted into cyanuric acid and cyamelide. 

For purposes of comparison with the ammonium cyanate prepared 
in aqueous solution by Walker and Hambly, a determination of the 
rate of transformation into urea was made. A decinormal solution of 
the pure ammonium cyanate was prepared, and the progress of its con- 
version into urea followed by means of silver titration as previously 
described (Trans., 1895,67, 746). The temperature of experiment 
was 50*2°. 

lx 


t. 

SB, 

A-x, 

t 

55 

4-94 

17-96 

0*00500 

97 

7-44 

14*46 

0*00496 

186 

10-74 

12*16 

0-00475 

298 

lS-64 

9*26 

0-00494 



Mean 

. 0-00491 


The mean value for the expression 




here observed is identical 


with that calculated for the same temperature from the formula used 
to express the results of all the experiments in aqueous solution 
( Walker and Hambly, ^oc. 


Themochemistry of Ammonium Cyanate, 

From the displacement by change of temperature of the point of 
equilibrium between ammonium cyanate and urea in aqueous solution, 
Walker and Kay {loo, cit., p. 507) were able to calculate roughly the 
heat of transformation into urea of the cyanate in the form of ions* 
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They found that the heat of transformation was positive, and of the 
dimensions of 50 K per gram-molecule, K being equal to 100 cal. It 
was of interest, therefore, to determine directly, if possible, the heat of 
transformation of solid ammonium cyanate, and also its heat of solu- 
tion, for from these data and the known heat of solution of urea the 
heat of transformation of the dissolved cyanate can be calculated. 

The accurate determination of the heat of transformation of the 
solid cyanate into urea presents considerable difficulty, inasmuch as 
the conversion only takes place readily at about 80°, and therefore 
necessitates somewhat complicated apparatus. Since, however, the 
actual transformation is always accompanied by secondary decompo- 
sitions, an accurate determination for the pure reaction is plainly impos- 
sible, so that we contented ourselves with experiments made by means of 
simple apparatus, which afforded numbers probably within 5 per cent., 
and certainly within 10 per cent., of the real value. 

The calorimeter consisted of two beakers, one within the other, the 
inner one being supported on cork prisms, and kept from contact with 
the outer beaker by means of cardboard rings. These beakers were 
introduced into a double- walled steam oven and rested on a piece of 
asbestos, which was in turn supported by a stage made of glass tubing. 
Through the hole in the top of the oven were introduced a ther- 
mometer, a stirrer, and a wide glass tube for delivering the experi- 
mental substances, air three projecting into the inner vessel after 
passing through corresponding apertures in the cover of the outer 
beaker. The most suitable calorimetric liquid we found to be melted 
paraffin wax, about 50 grams of which were contained in the inner 
vessel. The thermometer employed was divided into tenths of a 
degree, so that hundredths of a degree could be estimated. 

To perform an experiment, the water in the walls of the steam 
oven was kept at a constant level and in steady ebullition until the 
temperature registered by the thermometer in the paraffin became 
constant, which it usually did in the neighbourhood of 96° after about 
6 hours. A weighed quantity of mercury of known temperature was 
then rapidly introjiaced through the wide glass tube into the inner 
vessel, and the course of the thermometer was followed for 
about 10 minutes. From the readings, the weight, specific heat, 
and original temperature of the mercury, the amount of heat taken 
up by the latter could be easily calculated* Thus 60 grams of mercury 
at 14*70°, when introduced into the beaker containing 49 grams of 
paraffin wax, lowered the temperature from 96^80° to a minimum of 
92*12° The mercury had therefore absorbed 164 cal. from the 
calorimeter and had thereby lowered the temperature 3*68°, or making 
due allowance for the rate of heating, 3*86°. A similar experiment 
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made with the same weight of paraffin showed that 152 cal. absorbed 
by the mercury lowered the temperature of the calorimeter 3*88°. 

After preliminary experiments had shown the approximate value 
of the heat of transformation of ammonium cyanate, a jcjuantity of 
this material was chosen so that, by its conversion into ixrea, it would 
give to the calorimeter about as much heat as the mercury had 
absorbed in the previous experiments, all other conditions remaining 
the same. The weighed quantity of cyanate was compressed into the 
form of a short cylinder in order that it might be easily introduced 
through the glass tube into the calorimetric vessel. After the 
cyanate had entered the paraffin, the thermometer at first fell, owing 
to the heat required to raise the temperature of the cyanate to the 
transformation point; thereafter, the rise was rapid, a maximum 
temperature being soon reached. By making use of the previous 
experiments with mercury, the total amount of heat supplied to the 
calorimeter could be easily calculated, allowance being made for the 
rate of cooling from the thermometric observations. The heat of 
transformation was greater than this amount by the quantity of heat 
necessary to raise the temperature of the cyanate, or its transforma- 
tion products, from the atmospheric temperature to the maximum 
temperature observed. In calculating this quantity, it was assumed 
that the cyanate had the same specific heat as its chief transformation 
product, urea. From the experiments, it appears that the moUmlar 
of transformation of solid ammonium cyanate into solid urea is 
49 iT, the chief source of uncertainty lying in the unknown thermal 
change which accompanies the decomposition of 3 per cent, of the 
cyanate with formation of ammonia. 

Another set of experiments made with a modified apparatus in 
which a Yictor Meyer toluene bath was used instead of a steam oven, 
yielded a mean value of 48 Z as the molecular heat of transformation 
of the cyanate. 

If we accept 49 iT els the heat of conversion of the cyanat§ into 
urea, it follows that the molecular heat of formation of solid ammonium 
cyanate from its elements is 738 X, since 787 K is the molecular heat 
of formation of solid urea, and this must be greater than that of the 
cyanate by the observed heat of transformation. 

In determining the heat qf solution of ammonium cyanate, the 
calorimeter chosen was of the simple form described by !N'ernst {ZeiL 
physiML €hem.^ 1888, 2, 23), The amount of water employed was 
200 grams, the water equivalent of the calorimeter being 1 1*8 grams, as 
calculated from the weight of materials, and 11 grams as found by 
direct experiment. The substance whose heat of solution was to ho 
investigated was enclosed in a thin-walled glass bulb weiglitod with 
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mercury bo as to sink in the water of the calorimeter. When the 
temperature had become constantj the bulb was broken and the course 
of the thermometer observed. 

In order to test the apparatus, the heat of solution of urea was first 
determined. The values obtained were -36*1, -36*6, and -SG'SiTfor 
the grammolecule, in good accordance with Rubner's number of 
-36 8 /iT. 

For the molecular heat of solution of ammonium cyanate, the mean of 
two concordant experiments was — 62*3 K, the strength of the resulting 
solution being about one-twentieth normal. This number is somewhat 
greater than we had anticipated, being in excess of the corresponding 
value for potassium cyanate, namely, — 52 iT, in opposition to the 
general rule that the potassium salts have greater heats of solution 
than the ammonium salts of the same acids. The divergence cannot 
be explained by the assumption that a portion of the cyanate is trans- 
formed into urea during the progress of the experiment. The portion so 
transformed could at most have reached only 2 per cent, of the total, 
and the thermal effect of the transformation would have been to 
diminish the heat of solution instead of to increase it. 

The heat of transformation of the cyanate into iu?ea in aqueous solu- 
tion may be calculated from the corresponding value for the solid sub- 
stance as follows. We may pass from solid ammonium cyanate to 
dissolved urea in two ways, namely, by transforming the cyanate in 
the solid state and then dissolving the urea, or by dissolving the 
cyanate and then transforming it in aqueous solution* The total heat 
effect must be the same in both cases, so that we obtain the equation ; 

Heat of transformation of solid cyanate -p heat of solution of 
urea = 

Heat of solution of cyanate -f heat of transformation in solution, 
or, substituting the numerical values for the gram molecular weight, 
49:^ -P (-36 K) ^ -62 -b a, 

whence aj= 75 uS". 

This value for the heat of transformation of the gram-molecule of 
ammonium cyanate in aqueous solution is considerably in excess of the 
value 50 j&T calculated from the displacement of the equilibrium point 
with change of temperature. This latter value, however, can only be 
taken as indicating the sign and dimensions of the heat change, since 
in the calculation it was assumed that the transformation was pure, 
instead of being complicated, as is actually the case, with subsidiary 
actions which affect the accuracy of the deduction, and, secondly, that 
the cyanate was fully dissociated at the dilutions considered, an 
assumption which is only approximate. The number K must there- 
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fore be accepted as a considerably closer approximation to the true 
value than the number 50 since it is affected by much smaller 
sources of error. 

It may be noted that the value observed for the heat of transforma- 
tion of the solid cyanate is sufficiently great to account for the fusion 
of the urea which occurs when the transformation takes place suddenly 
at about 80°. At this temperature, the transformation proceeds at 
such a rate that the beat evolved cannot all escape by conduction; the 
temperature therefore rises and the action is accelerated until it pro- 
ceeds almost instantaneously, with sudden evolution of so. much heat 
that the temperature is raised above the melting point of urea, the 
heat of fusion of urea being probably less than ^ 25 A". 

Rate of To'ansformation into Uvea, 

It has been already stated that the substance obtained by Liebig 
and Wohler remained unchanged for a week in an atmosphere of dry 
ammonia, whilst in the course of two days it was almost entirely con- 
verted into urea when exposed to the air, ammonia being continually 
evolved during the transformation, Liebig and Wohler were appar- 
ently of opinion that the presence or absence of ammonia was the 
determining circumstance in the conversion. This, however, is not 
the case, as we have found that moisture plays the chief part in, 
determining the rate of transformation at moderate temperatures# 
Exposed to a moist atmosphere, the cyanate, as Liebig and Wohler 
observed, is converted into urea in the course of a few days. If left 
in a desiccator over sulphuric acid, the cyanate in the same length of 
time remains practically unchanged ; and in an exhausted tube in 
presence of phosphoric oxide the cyanate shows little sign of altera- 
tion even after several months. 

Two tubes were prepared, one witb dry (but not specially dried) 
cyanate, the other with the same material and a minute trace of 
moisture introduced from the end of a fine capillary. These tubes 
were sealed off and heated at the same temperature for the same 
length of time. In the tube containing the added moisture, 27 per 
cent, of the cyanate had been transformed into urea, whilst in the 
other tube only 2 per cent, had undergone transformation. 

As might be expected, temperature has a great influence on the rate 
of transformation. It has already been indicated that the transforma- 
tion proceeds at a noticeable rate when the temperature reaches 60° 
for then a distinct diminution in volume is visible when the 
substance is contained in a capillary tube. An experiment with 
ordinary dry cyanate showed that in the course of two hours 80 per 
cent, of the cyanate was converted into urea at that temperature. 
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In order to ascertain the effect of temperature on the rate of trans- 
formation of carefully dried cyanate, the following experiment was 
made. Four small tubes were charged with weighed quantities of 
cyanate and placed in tubes which were slightly wider than themselves 
and contained a layer of phosphoric oxide on the bottom. These outer 
tubes were then rendered vacuous and sealed off. After ten days, the 
tubes, without being opened, were heated at various temperatures, 
either in thermostats or in boiling liquids, for such lengths of time as 
preliminary experiments had shown would bring about approximately 
the same, extent of transformation. The times required for the con- 
version of 3*5 per cent, of the cyanate into urea are exhibited in the 
followirig table : 

Temperature, Time in hours. 

33° 50 

40 19 

45 7 

67 M 

The dried cyanate, like the freshly prepared material, passed rapidly 
into urea with fusion when the temperature was raised to a little 
over 80°. 

The rate of transformation we found to be by no means proportional 
to the amount of cyanate present, as the following figures indicate. 
The cyanate used was contained in vacuous tubes and dried for five 
days over phosphoric oxide in the manner desciibed above, the tem- 
perature of transformation being 67°. 

Percentage transformed. 

5’4 
19*4 
68*6 
96-1 

In the first hour, only 6 '4 * per cent, was converted into urea, whilst in 
the second hour 14 per cent, of the original amount, or 14*7 per cent, 
of the amount remaining after the first hour, underwent transforma- 
tion. Between the second and fifth hours there was transformed 
hourly, on the average, 16 per cent, of the amount of cyanate which 
remained at the beginning of the time, and in the last period of five 
hours there was an hourly average transformation of 18 per cent, of 
the amount of cyanate present at the commencement of the period. 
There are thus evidences of a gradual acceleration of the action as it 
progresses. 'This we might expect, since the transformation is one in 
a condensed two-phase system. The action is probably not uniform 

* This number is greater than the coiTespondiug number in the temperature 
Experiments quoted above, on account of less perfect drying. 


Time in hours. 
1 
2 
6 

10 
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through the whole mass, but proceeds from definite points or nuclei, 
the rate increasing as the surface of contact between the two phases 
increases, as it does in the crystallisation of an over-cooled liquid, or 
the conversion of one crystalline modification into another. 

So far as we have observed, there is no tendency to the reverse 
transformation of urea into ammonium cyanate in the solid state. 
After being heated for a long time in a vacuous tube at 110°, dry urea 
was found to be unchanged, dissolving completely in water with forma- 
tion of a perfectly neutral solution which gave no precipitate with 
silver nitrate. Aiter heating for 6 hours at 129°, that is, just below 
its melting point, it was found to have slightly decomposed with pro- 
duction of ammonia, but the presence of cyanate could not be proved 
in the residue. Whether the ammonia and cyanuric acid produced by 
heating urea to a still higher temperature are entirely the decomposition 
products of urea and biuret, or are in part derived from ammonium 
cyanate into which a portion of the urea may have been transformed, 
is a point to which we can at present give no definite answer. 

Waddell {J, Physical Ckcm,y 1898, 2, 525) has shown that solid 
ammonium thiocyanate does not suffer transformation into thiourea 
below a temperature of 110°. When fused, however, at temperatures 
of 160° and over, it is gradually converted into thiourea, the rate of 
transformation rising rapidly with the temperature. In this case, the 
transformation is not complete, equilibrium being attained when the 
fused mass contains 80 per cent, of thiourea and 20 per cent, of thio- 
cyanate. The existence of a similar state of equilibrium between urea 
and ammonium cyanate cannot be ascertained, owing to the decom- 
position which these substances suffer when in the fused state. There 
can of course be no such equilibrium between the solids, for when two 
mutually convertible solids are in contact with each other, there is no 
real equilibrium between them except at one definite temperature, the 
transition or inversion point, at which temperature they may be brought 
together in any proportion without either undergoing change. In the 
fused state, on the other hand, the substances are miscible, and thus 
form but one phase instead of two, the system thereby gaining an 
additional degree of freedom, so that equilibrium may be attained at 
any temperature, the composition of the system changing according as 
the ^mperature varies. What the transition point of ammonium 
cyanate and urea may be, we are not in a position to determine. All 
that can be said is that it is above 80°, and in all probability very far 
above that temperature. 
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Substituted Aimnonium Gyanates, 

Vhen dry ethylamine was gradually mixed with the vapour of cyanic 
acid, the two substances united to form a light, colourless powder, the 
solution of which, in water, gave a precipitate of silver cyanate when 
brought into contact with silver nitrate solution. The white powder, 
therefore, consisted, in part, at least, of ethylammonium cyanate. On 
standing for some time, it showed indications of lessening in bulk, and 
eventually it liquefied. The liquid, however, soon set to a solid mass, 
which, when dissolved in water, gave no precipitate with silver nitrate. 
The phenomena encountered here are consequently similar to those 
naet with in the case of ammonium cyanate, the only difference being 
that the ethylammonium cyanate is rapidly converted into ethylurea 
at a much lower temperature than suffices for the rapid transformation 
of ammonium cyanate. 

An ethereal solution of aniline, when mixed with an ethereal solu- 
tion of cyanic acid, gave no immediate precipitate, but the solution 
deposited a crystalline substance on standing for some time. The 
crystals which separated, however, did not behave as phenylammonium 
cyanate, but as phenylurea. A similar result was obtained with 
jp-toluidine as base ; the crystalline substance which separated from 
the ethereal solution on standing proved to be j?-toljlurea, and not 
^-tolylammonium cyanate. 

These substituted ammonium cyanates therefore pass much more 
readily into the corresponding ureas than ammonium cyanate itself. 

UiavBBsiTY College, 

Dundee. 


IV . — Etherification of Derivatives of ^-Efaphthol. 

By WiLLUM A. Davis. 

In the following pages, an account is given of the etherification of 
derivatives of jS-naphthol by heating the naphthol with a mixture of 
alcohol and sulphuric acid (Henriques, compare Gattermanh, 

1887, 244, 72). It is shown that, whereas ^-naphthol yields an almost 
theoretical amount of ether, most of its derivatives can only be very 
partially etherifiied. 

As no action occurs at the ordinary temperature, in the first series 
of experiments a mixture of 2 grams of purified naphthol with 2 grams 
of the alcohol and 0^8 gram of sulphuric monohydrate was gently boiled 
during 6 J hours oh the sand-bath in a test-tube attached to a o6ndens#r, 
TOD. bXXVH. P 
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To free the ether from unchanged naphthol, an excess of dilute caustic 
soda was then added, and the mixture gently warmed, a preliminary 
experiment having shown that this could be done without hydrolysis 
or dissolution of the ether taking place. The ether was collected on a 
tared filter-paper, which had previously been exposed in a weighing 
bottle in a vacuum until its weight was constant, and after being 
thoroughly washed, was dried in a vacuum desiccator and weighed. 
The results obtained are given in Table I. 

Owing to a considerable proportion of the alcohol being converted 
into ethyl ether by the action of the sulphuric acid at the temperature 
at which the mixture boiled, it was generally observed that the latter 
separated, after about 3 hours, into two layers, of which the upper 
contained the alcohol and sulphuric acid, whilst the lower consisted of 
the naphthyl ether and unchanged naphthol. Owing to this separation, 
little etherification occurred after the third hour. It was found, how- 
ever, that at 100°, whilst the formation of ethyl ether was largely pre- 
vented, that of the naphthyl ether was nob interfered with ; in addition, 
the disturbing influence which is undoubtedly exercised on the etheri- 
fication by varying the rate of ebullition was entirely excluded. Table 
II gives the results obtained at 100°. In these experiments, the 
mixture was heated during a much longer period than in the experi- 
ments recorded in Table I, and a definite limit of etherification was 
attained 3 it is doubtful whether this limit had been reached in the 
fcst series of expenments, as will appear on comparing the two sets of 
results. The method of heating at first adopted was to surround the 
tube containing the etherification mixture with boiling water, but the 
results obtained were, in some cases, vitiated by moisture permeating 
the cork ; subsequently the lower portion only of the tube was heated 
by passing it through a cork fitted into the neck of a steam-bath con- 
structed from a sheet-iron can by soldering six short tubes 1 inch in 
diameter round the central neck. A condenser, fitted to the central 
neck, served to keep the volume of water in the can practically 
constant. 

Table III gives the. results of experiments carried out at 100°, using 
methyl instead of ethyl alcohol ; these values are probably not quite 
so trustworthy as those of Table II, for two reasons. First, the mix- 
ture used boiled below 100°, and a considerable decrease in its amount 
occun^ owing to the formation of methyl ether; secondly, a small 
proportion of the naphthyl ether sublimed, and thus a change in the 
condition of equilibrium was introduced- The latter circumstance 
prolMbbly accounts for the fact that the amounts of ether obtained with 
methyl are higher than those obtained with ethyl alcohol ; in experi- 
, ment 2, especially, much sublimation occurred. The results obtained 
with 3'-bromo-2-naphthol are possibly slightly higher than the true 
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values, owing to the fact that 3 -bromo-2-methoxynaphthalene does not 
melt below 100° when warmed with dilute caustic soda, so that small 
quantities of unchanged naphthol probably remained occluded ; more- 
over, much of the product sublimed. The alcohol used boiled at 
66*0 — 66*5° under 759 mm. pressure. 

Similar experiments were made with propyl alcohol (b. p. 96*25 — 97° 
under 747*5 mm. pressure) ; the results are given in Table lY. In the 
case of 1 : 3'-dibromo-2-naphthol, resinous substances insoluble in 
caustic soda were formed owing to the occurrence of secondary change. 


Table I . — Etherification at the boiling point. 


No. of 
experi- 
ment. 

Naphthol. 

Time 

in 

hours. 

Percentage 
yield of 
ether. 

M.p. of 
product 
weighed. 

M.p. of 
pure 
. ether. 

1 

S-Naphthol 

6 

83 '0 

36“ 

87-6° 

2 

»> 

6i 

84-1 

37 

87-5 

'3 

3'-Bromo-2-naphthol 

ei 

68 '0 

77—78 

80 

4*^ 


6i 

69-7 

76—77 

80 

5 

1 -IftrnTTrm-S-pJi-phthol 

H 

ft 

9*7 

54 — 50 

66 

6 


20*2 

64—58 

66 

7 


ft 

28*1 

66-^68 

66 

8 

,, 

ft 

2*1 

64—66 

. 66 

9 



4*1 

02 — 64 

66 

10* 

,, ............ 

,, j, ............ 

ft 

6*0 

64 — 65 

66 

11 

l-Ghloro-2-naphthol 

ft 

8*1 

56—66 

58 

12 



10*0 

65—66 

58 

13* 

l-Iodo-2-naphthol 

If 

re 

sin form 

ed. 

14 

1 : 3'-Dibromo-2-naphthol 

8 

9*4 

74—76 

94 

16 

»> 

6i 

7*6 

79—80 

94 

16 1 

»} »» 

64 

9*7 

79 

94 

17 

»» 

64 

1*4 

89 

94 ^ 

18 

,, ,, ............ 

6i 

1*25 

89—90 

94 

19 

>> »j 

6i 

0*7 

88 

94 

20 

jj i> 

6i 

3*4 

66—70 

94 

21t 

n >» 

64 

0*0 

— 

— 

22t 

>> ............ 

64 

0*0 

— 

— 

23 

r-Chloro-3 -bromo-2-naphthol. 

64 

8*9 

66—67 

77 

24 

if if • 

64 

2*8 

75 

77 

26 

ff ff if « 

64 

0*9 

74 

77 

26* 

. ' ff ■ . ff ff * 

64 

1*6 

74 

77 

27 

1 ; 3-Dichloro-2-naphthol 

64 

0*0 

— 

■ — 

28* 

. ff ff ...... .1 

64 

0*0 


— ■ 

29 

TrihromQ-2-ixaphthol (m.p. 






166°) 

64 

0*0 

— , 

— 

30 

1 -Nitro-2-naphthol 

64 

0*87 

96—08 

104 


In all experiments except those marked ^ and t, the proportions in 
grams were — naphthol ; ethyt alcohol : sulphuric acid = 2 : 2 : 0*8 ; in 
those marked with an asterisk, the moleonLar proportions were the same 
as in the etherification of j8-naphthol, namely, 1 mol, naphthol : 3*12 
mols. alcohol : 0*59 mob acid. In two experiments, ISTos. 21 and 22, 
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the proportion of sulphuric acid was the same as in the experiments 
with )5-naphthol, but 2 grams of alcohol were used. Unsatisfactory 
results were obtained in experiments 5, 6, 7, 14, 15, and 16 with 1-bromo- 
and 1 : 3'-dibromo-2-naphthol, owing to the fact that the mixture was 
boiled too rapidly, this giving rise to compounds insoluble in dilute 
caustic soda, which seriously interfered with the purity of the ether. 
Moreover, on filtering the dilute, alkaline solution of the unchanged 
naphthol, oxidation apparently occurred, and the solution became 
purple in colour, depositing a finely-divided purple or brownish powder 
in the pores of the filter paper, thus preventing further filtration. In 
the later experiments (Nos. 8, 9,10, 17, 18, 19), the ebullition was 
careful regulated and the filtration hastened by using a filter-pump ; 
under these conditions, the ether weighed was nearly pure. The melt- 
ing points given in the table serve to indicate the degree of purity of 
the products weighed. 


Table II . — Btlierifioaiion at 100®, 

Proportions : — Naphthol : ethyl alcohol : sulphuric acid = 2 : 2 : 0*8 

grams. 


No. of 
experi- 
ment. 

Naphthol. 

Time 

in 

hours. 

Percentage 
yield of 
ether. 

i 

M.p. of 
product 
weighed. 

M.p. of 
pure 
ether. 

1 

2 

3 

4 

5 

6 

7* 

8 

9 

10* 

11* 

12 

13 

14!^ 

16* 

Ifi 

17 

18 

19 

20 

21 

22 

^-Naphthol 

>9 - *:*• 

}9 

>9 

»> 

3'-Bromo-2-naphthol 

1 -Bromo-2-naphthol 

99 99 

1 -C3iloro-2-naphthol 

99 *9 

99 99 ............ 

99 99 ........ 

1 ; 8'-Dihromo-2-naphthol 

99 »» 

99 J9 

1 -Chloro-3'-bromo-2-iiaphthol. 

*9 99 99 

1 : 3-Dichloro-2-naphthoi 

1 -Nitro-2-naphthol 

l-Nitro-3-<ihloro-2-naplithol ... 
1 :3 :4-Trichloro-2-naphthoL.. 

1 

H 

11 

164 

20 

20 

64 

15 

20 

H \ 
164 
20 

25 

11 

164 

20 

H 

16 

20 

20 

20 

20 

73*6 

83*9 

90-5 

91*2 

89-1 

88-7 

3-2 

15-2 

17*0 

0*6 

21 

9*3 

8*4 ‘ 

0-36 

1*3 

6*0 

0*0 

1*9 

0-0 

0*0 

0*0 

0*0 

1 

37—38“ 

37 

99 

99 

99 

79 

62—64 

62— 64 

63— 64 

65— 66 

66 

66— 56 

66 

82—86 

84-86 

67— 76 

37 - 6 '> 

37-5 

99 

99 

>9 

80 

66 

66 

66 

68 

>> 

99 

99 

94 

99 

77 

77 

104 


In the experiments marked % the mixture was heated in boiling 
watei ; in all others, the steam-bath was used. 
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Table III. — Methylation at 100°. 

Pro2)OTtion8 : Naphthol : methyl alcohol : sulphuric acid = 2 0 : 2-0 : 0*8 

grams. 


No. of 
experi- 
ment. 

Naphthol. 

Time 

in 

hours. 

Percentage 
yield of 
ether. 

M.p. of 
product 
weighed. 

M.p. of 
pure 
ether. 

] 

’ j8-Napbthol 

20 

91 T5 

71—72“ 

72“ 

2 

»> 

20 

95^9 

71 

72 

3 

}j 

20 

91 -3 

71—72 

72 

4 

l-Bromo-2-naphthol 

20 

21*2 

80 

82—83 

5 

j> II 

3'-Bromo-2-naphthol 

20 

22*4 

80—81 

82—83 

6* 

18J 

98*7 

104 

105 

7 

II 1) ............ 

20 

97*1 

104 

105 

8 

l-Chloro-2-naphthol 

1 : 3^-Dibronio-2-naphthol 


7-45 

60 

68 

9 

99 

5*4 

73—76 

100 

10 

1 : 3'-Chlorobromo-2-naphtho] 


0*0 





11 

l-Nitro-2-naphthol 

99 

0-0 

— ■ 

126 


Table IV, — Fropylation at 100°. 


Proportiona : — Naphtkol : ptopyl alcohol : sulphuric acid =» 2 : 2 : 0*8 

grams. 


No, of 
experi- 
ment. 


1 

2 

3 

4 
6 
6 

7 

8 

5 

10 

11 

12 

13 


Naphthol. 


i8-Naphthol, 

3'-Bromo-2-naphthoi 

l-Bromo-2-naphthol 

>» 5> 

l-Chloro-2-iiaphthol 

1) jin 

1 ; 3'-Dibromo-2-naphthol 

>> jj 

1 -Chloro-3''-bromo-2-naphthol . 

1 : 3-Dichloro-2-naphthol 

l-Nitro-2-napbthol 1 


Time 

in 

hours. 

Percentage 
yield of 
ether. 

M.p. of 
product 
weighed. 

M.p. of 
pure 
ether. 

12 

94*5 

38“ 

39*6“ 

20 

93*3 

87—88 

39*6 

20 

93*8 

62 

63*5 

20 

92*0 

62 

68*6 

20 

12*7 

29 

36—36 

20 

12-9 

23—28 


20 

0*75 

oil 


20 

0*0 

«— 



16 

2-6 

46“, dirty 

'76 ■ 

20 

de 

compositi 

on 

20 

0*68 

66 

60*6 

20 

O’O 



— 

20 

0*0 

, — 

— ■■ 


P-JSfaphthyl Methyl Ethers, 

3 -EroTno-'%^rifi£tho(i(^rmphthaleifi^, Ci^EtgBr’OMe, prepared by heating 
a mixture of 6 grams of 3'-bromo-2-natphthol (Armstrong and Davis, 
Proc., 1896, 12, 231) and 5 grams of methyl alcohol during IQ hours 
at 100°, is sparingly soluble in alcohol, moderately so in benzene, ethyl 
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acetate, chloroform, or acetone, and crystallises from acetic acid in balls 
of small, white needles ; it melts at 105° 

0-2342 gave 0*1876 AgBr. Br- 34-07. 

OiT^HgOBr requires Br = 33-74 per cent. 

1 -Bromo'^^ethoxynaphthalene, Cj^H^Br-OMe, was prepared by heating 
4 grams of l-bromo-2-naphthol with 2*7 grams of methyl iodide, 1*4 
grams of potassium hydroxide, and 10 grams of methyl alcohol during 
6 hours in a sealed tube at 100°; it crystallises best from light 
petroleum, forms thin, lustrous plates, and melts at 82-5° 

0-1643 gave 0*1290 AgBr. Br-33*42. 

CjiHgOBr requires Br — 33*74 per cent. 

\-CMoTo-2-m6thoxynaphtkalene^ Cj^HgCl-OMe, prepared in a similar 
manner, crystallises from alcohol in thin, colourless plates, and melts 
at 68° 

0-2100 gave 0-1571 AgCL 01 « 18-50. 

C^iHgOCl requires 01 == 18-41 per cent. 

1 :3'-Z>i5romO'2-meiAoiC2^6t2^AiA^»Z^7ifi,Oi(yH5Br2‘OMe,— "When Sgramsof 
1 ; 3'-dibromo-2-naphthol are heated with 2*5 grams of methyl iodide, 1*4 
grams of potassium hydroxide and 12 grams of methyl alcohol in a sealed 
tube during 6 hours at 100°, a portion of the naphthol is not acted bn, 
and only about 50 per cent, of the theoretical quantity of 1 : 3'-dibromo- 
2-methoxynaphthalene is obtained ; it crystallises best from alcohol in 
smalt, nearly cblpurless plates and melts at 100° 

0- 1316 gave 0-1652 AgBr.^ Br= 50-20. 

Oj^HgOBrg requires Br = 50*62 per cent. 

1- GMoro-Z'-br(m^2-meth<mynaphtkalemy CiQH 5 ClBr*OMe, prepared in 
a similar manner from l-ohloro-3'-bromo-2-naphthol, crystallises from 
hot alcohol in thin, colourless plates, which are at first transparent, 
but become slightly opaque as the solution cools, possibly owing to a 
change in crystalline form ; it melts at 92*6°. 

0-1428 gave 0-1747 AgCl + AgBr. AgCl + AgBr -122*33. 

CjjHgOOlBr requires AgCl + AgBr — 1 22-00 per cent. 


P-WapMhyl Ethyl Ethers. 

l"5ro«io-2-^;fi^oa:f^»a^AiA^?^,O20HgBr-OEt, is best prepared by adding 
bromine (1 moL) drop by drop to a solution of j8-ethoxy naphthalene in 
glacial acetic acid, but is also formed by ethylating l-bromo-2-naphthol ; 
it crystallises from light petroleum in colourless plates and melts at 

W, ■ ■ ' : - 
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Z'-Bromo>2-ethoxynaphthal6ne, is best prepared by 

heating a mixture of 5 grams of 3'-bromo-2-naphtliol, 5 grams of ethyl 
alcohol, and 2*0 grams of sulphuric monohydrate during 6 hours at 
100° * it crystallises from alcohol in colourless plates, melts at 80°, and 
is easily soluble in benzene, acetic acid, chloroform, ether, ethyl acetate, 
or light petroleum. 

0‘1382 gave 0-1041 AgBr. Br- 32*05. 

requires Brs= 31*88 per cent. 

On one occasion, a mixture of 20 grams of 3'“bromo-2-naphthol with 
20 grams of ethyl alcohol and 8 grams of sulphuric acid was, by an 
oversight, boiled more vigorously than was intended, and nearly the 
whole of the alcohol evaporated ; as a consequence a considerable 
quantity of 3'-bromo-2-naphtholdisulphonic acid (Armstrong and 
Davis, Proc., 1896, 12, 231) was formed. On removing this by 
adding water, a small quantity of a heavy oil remained un dissolved ; 
on washing this with a little alcohol, it solidified to a dark, greyish 
powder. The alcoholic washings were poured into water and the 
precipitate obtained crystallised from light petroleum containing a 
small quantity of benzene, when small, colourless needles separated 
melting at 125°; these were insoluble in’ aqueous caustic soda and 
therefore did not consist of, unchanged 3'-brdmo-2-naphthol, which » 
melts at 127°, but the quantity of substance obtained was insufficient 
to determine its nature by an analysis. The gre;^sh powder left 
undissolved by the alcohol was crystallised from glacial acetic acid ; 
it separated in colourless plates melting at 169° to a deep red liquid ; 
after crystallisation, it became very sparingly soluble in glacial acetic 
acid and was insoluble in aqueous caustic soda. On analysis, the 
following numbers were obtained : 

0*2140 gave 0*1813 AgBr. Br = 36*06 per cent. 

0*2768 „ 0-2327 AgBr, Br -35*79 „ 

These results and the properties of the substance suggested that it 
was somewhat impure di-3'-bromo-2-naphthyl ether, {OiQH0Br)5jO, 
The quantity pf substance obtained, however, was so small as to pre^ 
elude further purification, but the view as to its nature was con- 
firmed by a comparison with the dinaphthyl ether. 

i)^-3'-6rowo-2-wapA^%^e^^risp^epared by boiling 2 grams of 3 -bromo- 
2-naphthol with 30 grams of 60 per cent, sulphuric acid during 12 
hours in a reflux apparatus ; the yield in these circumstances is small, 
most of the naphthol being recovered unchanged ; it crystallises from 
glacial acetic acid In colourless plates and melts at l70r--17lV‘t^® 
melting point being unchanged by mixing it with the substance 
melting at 169° which was believed to be identical with it. ; 
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0*0964 gave 0'0824 AgBr. Br = 36*86. 

CgoHigOgBrg requires Br = 37*22 per cent 

l-Ghlai*(h2‘ethoxyna^^ CioHgOl'OBt, prepared by beating 

l-cbloro-2-naphthol (2 grams) with ethyl bromide (1*3 grams), caustic 
potash (1*0 gram), and absolute alcohol (12 grams) during 3 hours at 
100^, crystallises from alcohol in beautiful, colourless leaflets and 
melts at 68^ ] it is easily soluble in benzene or light petroleum, and 
very soluble in chloroform, ethyl acetate, or acetone. 

0*2061 gave 0-1414 AgCl. Cl = 17*04. 

0 i 2 Hij 001 requires 01=17*17 per cent. * 

1:3': Dihromo-2-ethoxynayhthalemy Oi0H5Br2*OEt, is best prepared 
by gradually adding bromine (2 mols.) to /8-ethoxynaphthalene dis- 
solved in four times its weight of glacial acetic acid, and subsequently 
warming at 100°; it crystallises from light petroleum in beautiful, 
lustrous needles and melts at 94°. Its structure follows from its being 
formed when 1 : 3'-dibromo-2-naphthol is heated with the theoretical 
quantity of ethyl bromide and caustic potash in absolute alcohol during 
6 hours at 100°. 

0*1640 gave 0-1766 AgBr. Br = 48-52. 

OigHioOBrg requires Br = 48*49 per cent. 

O^QH^ClBr^OEt, obtained by 
heating l-chlorO'3'-bromo-2-naphthol with ethyl bromide (2*6 grams), 
sodium hydroxide (1 gram), and absolute alcohol (15 grams) in a 
sealed tube for 6 hours at 100°, crystallises from alcohol or light 
petroleum in thin, colourless, lustrous, elongated plates and melts at 
77*5°; it is very soluble in benzene, chloroform, ether, acetone, or 
ethyl acetate. 

0*1829 gave 0-2130 Ag01+ AgBr. Ag01 + AgBr = 116-6. 

CjgHjoOClBr requires AgOl -f AgBr = 116-1 per cent, 

p-Ifaph^hyl Fropyl Ethers. 

^-Propoxynaphthalene, according to Bodroux (CompL rend.j 1898, 
1^, 840), is formed on heating ^-naphthol with propyl iodide and 
alcoholic potash, but it is best prepared by gently boiling a mixture 
of ^-naphthol (10 grams), propyl alcohol (10 grams), and sulphuric 
monohydrate (4 grams) during 6 hours. It crystallises best from 
alcohol in long, colourless needles, and melts at 39*5° as stated by 
Bodroux. . 

3'-J5ramo-2^opofl3^napMia CjQHgBr*OPr*, prepared in the 
aaiae manner as /3-propoxynaphthalene, crystallises from hot alcohol 
in beautiful, thin, transparent plates; before crystallisation is com- 
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plete, however, white, opaque balls of needles form, whilst these alone 
are obtained if the amount of alcohol used has been sufficient to 
prevent crystallisation commencing until the solution has cooled to 
the atmospheric temperature. The transparent crystals apparently 
contain alcohol of crystallisation, but this is lost so rapidly on 
exposure to the air that its amount could not satisfactorily be deter- 
mined ; when the plates are exposed to the air for 6 days, they crumble 
to powder, and are then free from alcohol, as the following analysis 
indicates : 

0*2051 gave 0*1456 AgBr. Br=30*21. 

CjgHjgOBr requires Br = 30*18 per cent. 

The pure substance melts at 63*5° but after solidification melts quite 
sharply at 56° (three determinations), although after 36 hours the 
melting point has again risen to 63*5° ; it crystallises from glacial 
acetic acid or light petroleum in small, globular aggregates of white 
needles and is very soluble in chloroform and ether. 

l-BromO‘2-p*opoxynaphtlialene, Oj^BEgBr^OPr®, is best obtained by 
adding bromine (1 moL), dissolved in an equal quantity of glacial 
acetic acid, drop by drop to a cooled solution of /J-propoxynaphthalene in 
glacial acetic acid ; an oil separates which is washed with water and 
caused to solidify by surroundinig it with ice ; on crystallising from 
alcohol, nearly colourless, small, prismatic flakes are obtained melting 
at 35 — 36°. It is also formed on heating l-bromo-2-naphthol with 
propyl bromide (6 grams), caustic potash (2*3 grams), and propyl 
alcohol during 5 hours at 100°, but the yield is poor (compare 
I ; 3''dibromo-2-propoxynaphthalene), 

0*2032 gave 0*1428 AgBr. Br =» 29*85. 

CjgHigOBr requires Br = 30*18 per cent. 

1 \Z'-DihTomO'%pTopoxynaphthaUm,0-^^K^v^'0'2Ti:°‘^\% best obtained by 
gradually adding 2 mols of bromine to j8-propoxynaphthalene dissolved 
in glacial acetic acid ; it crystallises from alcohol in well-defined, 
slightly yellow prisms and melts at 78° When 1 : 3'-dibromo- 
2-naphthol (7*6 grams) is heated with propyl bromide (3*0 grams), 
caustic potash (2*3 grams), and propyl alcohol (20 grams) in a sealed 
tube during 7 hours at 100°, a considerable proportion of the naphthol 
is not acted on, a portion is decomposed, giving rise to resinous 
products, and the yield of ether is small* 

0*1032 gave 0*1134 AgBr. Br-46*77. 

CigH^g^Brg requires Br = 46*50 per cent. 

l-CMoro-y-hromo-^-propoxynaphthahne, C^gHgOlBr-OPr^ obtained 
from l-chloro-3'-broino"2rnaphthol by the propyl bromide method, 
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crystallises from alcohol, in which it is moderately soluble, in large, 
nearly colourless, very thin plates, and melts at 60 ‘5® ; on analysis ; 

0*1848 gave 0*2050 AgCl + AgBr. AgCl + AgBr -110*9. 

Oi3Hi20ClBr requires AgCi + AgBr = 110*6 per cent. 

Discussion of Results, 

The results tabulated on pages 35—37 serve to show that a 
halogen atom in position 1, contiguous to the hydroxyl group 
of j8-naphthol, has a most remarkable effect in limiting etherification, 
the effect being least in the case of methyl and greatest in that of 
propyl alcohol. Chlorine has an even greater effect than bromine, and 
a nitro-group in position 1 entirely prevents etherification. That 
the position of the halogen is the main determining cause of its 
influence is clearly brought out by the fact that 3'-bromo-/3-naphthol is 
etherified as easily as the unbrominated naphthol, but it will be seen 
that, on introducing bromine into position 3' in either l-chloro- or 
l-bromo-)3“naphthol, the production of ether is considerably diminished. 

These results stand in striking contrast to those obtained in the 
well-known experiments made by Yictor Meyer and Sudborough, since 
extended by others,* on the etherification of substituted benzoic 
acids. In the case of benzoic acid, a single group in the ortho- 
position has little influence, whereas two such groups, if they do not 
altogether prevent etherification (01, Br, I, NO2), greatly affect either 
tho rate at which it takes place or its extent (CHg, OH, F). Victor 
Meyer has sought to find an explanation of these facts in stereo- 
chemical considerations, and has regarded the influence exercised by 
various radicles as dependent on their volume; but, strange to say, he 
has taken mass as the measure of volume, t 

Such a hypothesis appears to be by no means justified by facts. 
Thus the order of inhibitive influence of different radicles on the 
formation of ethereal salts of ortho-substituted benzoic acids appears 
from Kellas^ results to be Cl, CH3, Br, I, HOg ; but the order of the 
relative weights is OH3, Cl, Br, T, and that of atomic volumes, 
OHg, Cl, Br, NOgi I (Graham-Otto, I, 3, 449), or according to Traube 
{Annalm, 1896, 290, 43) 01- Br = I (13*2), CH3 (19*2), NOg (20). 
From Goldschmidt’s values for the velocity coefiSicients, the radicles 

* V. Heyer and Sudborough, Ber,, 1894, 27, 510, 1580, 3146 ; Lepsius, iUd,, 
1635 ; V. Meyer, Ber,, 1895, 28, 182, 1254, 2773, 3197 ; 1896, 29, 830, 1397 ; van 
lioonand V. Meyer, zM., 839 ; Goldschmidt, Ber.^ 1895, 28, 3218, Kellas, Zeit. physi- 
Jcat C%ew.,1897,24, 221; Wegscheider, 1895,16, 75 ; 1895,28, 1474, 

2535 ; 1897, 18, 629 ; Sudborough and Feilmann, Proc., 1897, 13, 241. 

t For a discussion of this point, see V. Meyer, J&er., 1895, 28, 126 ; 1896, 29, 
848 ; Wegscheider, Ber,, 1895, 28, 126, MonaUh.^ 1897, IS, 635. 
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should stand, as i’egards retarding influence, in the order Br, OH^, 
NOg, but in the case of the naphthyl ethers, the order appears from my 
results to be Br, Cl, NOg. So that the observations of Goldschmidt 
and of Kellas, as well as my own, are in accord neither with the arrange- 
ment by atomic weights nor with that by atomic volumes ; consequently, 
there appears to be a factor governing the etherification of both 
carboxylic acids and phenols * of which we are at present in ignorance. 
JBven if we consider, as Sudborough and Feilmann have suggested 
that the etherification is determined by two factors, (1) the 
stereochemical influence of the configuration, (u) the strength of the 
acid as measured by its affinity constant, we are brought no nearer to 
an explanation of the extraordinarily great inhibiting influence of a 
nitro-group compared with that of other groups, f 

Wegscheider {Monatsh,^ 1895, 16, 75, and 1897, 18, 629) has given 
reasons for considering that, in the etherification of carboxylic acids 
under the influence of alcohol and concentrated sulphuric , acid or 
hydrogen chloride, an intermediate compound is formed by addition 
to the carboxyl group, as was originally assumed by Henry {Ber,, 
1877, 10, 2041), and later work has strengthened this hypothesis 
(compare Lloyd and Sudborough, Trans., 1899, 76, 580) ; he has 
suggested that phenols undergo etherification in a somewhat similar 

* Sudborough and Lloyd (Trans., 1899, 75, 467, 680) give a bibliography of 
papers dealing with the influence of ortho-substituted groups on the etherifioation of 
acids, the hydrolysis of ethereal salts, arid of acid chlorides, amides, and nitriles ; 
the results obtained by Kiister and Stallberg (Annalen, 1894, 278, 207) belong to 
the same category. Contiguous groups also exert au important influence on the 
preparation of oximes and phenylhydrazones of aromatic aldehydes and ketones 
(Kehrmann, Ber,^ 1888, 21, 3315; 1894, 27, 3344 ; pr. Ghem., 1890, [ii], 40, 
267 ; Hantzsch, Ber,^ 1890, 23, 2769 ; Feith and Davies, Ber,^ 1891, 24, 8646 ; 
Petrenko-Kritschenko, Bgt.^ 1895, 28, 3208 ; Baum, jBer., 1896, 28, 3207, Y. Meyer, 
Ber.^ 1896, 29, 830); the formation of imido-ethers from nitriles (Pinner, uBer., 
1890, 23, 2917) ; and many other more complex interactions (compare Busch, 
J, pr, Chem., 1896, [ii], Si, 113 ; 52, 273; 1896, 53, 414 ; 1897, 65, 356 ; Jacobson, 
Annalen^ 1895, 287, 118; 1898, SOS, 290 ; Bcr,, 1898, 81, 890 ; Anachiitz, Bcr., 
1897,80, 221; Bischoff, Ber „ 80, 2478, 2772 ; 1898, 81, 8024; Scholtz, 

J?«r., 1898, 81, 414 and 627; 1899, 82, 2251 ; Wedekind, Ber,, 1898, SI, 1746; 
Friedlander, McmaUh,, 1898, 19, 627 ; Paal and Schilling, X pr, Chem.f 1896, [ii], 
64, 277 ; Paal and Benker, Ber.^ 1899, 82, 1251 ; Paal and Bartel, f&fdL, 9057). 
The presence of oiiiho-alkyl groups in aromatic ketones and ke tonic aoids also 
determines very largely the behaviour of these compounds on hydrolysis (Louise, 
Ann, Ohim, Phys,, [vi], 1886, 6, 206 ; Elbs, pr, C'Am., , [ii], 1887, 36, 465 ; 
V. Meyer, Ber,^ 1896, 28, 1270 ; Muhr, ibid,, 3216, and Weiler, B^r.y 1899, 32, 
1908). 

f Victor Meyer, in discussing the atomic volume value, suggests **dass das 
Estergesetz uns ein Mittel in die Hand gebe die relative Raumerfiillung der Atome 
in den organischen Verbindungen mit einander zu vergleichem” The varying in- 
hibiting influence of the same element in acids and in phenols seems to preclude the 
acceptance of this suggestion. , i 
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manner, and that initially they give rise to keto-dihydro-derivatives 
{Monatsh,^ 1895, 16, 140). According to this view, ^-naphthol would 
be first converted into the compound 



and on losing water this would yield j&-ethoxynaphthalene. Evidence 
to a certain extent in favour of this view may be found in the 
behaviour of ^-naphthol in contrast with that of phenol. Experiments 
made by Mr. Panisset, at Dr. Armstrong’s suggestion, show that 
phenol and parabromophenol may be partially etherifiod by means of 
alcohol and sulphuric acid, but that they yield at most about 25 per 
cent, of ether. Inasmuch as benzene and its derivatives are less 
prone tp form additive compounds than are naphthalene and its 
.derivatives, and the former are generally less readily attacked thAn 
the latter, the fact that phenol is less readily etherified than naphthol 
is in accordance with the view that addition precedes substitution 
(compare Armstrong, Trans., 1887, 51, 258 ; Armstrong and Eossiter, 
Prbc., 1891, 7, 89). Now if benzene is represented by Kekul4’s 
formula, it is a matter of indifference on which side of a CO 2 H gtoup 
the doable linking is placed, but it is not unlikely that, in bromobenzoic 
acid, for example, it is between the unbrominated carbon atoms, so that 
there is an active ethenoid linking in the immediate neighbourhood 
of the carboxyl. But it may well be that in ^-naphthol no such 
shift can take place, and that when the linking between positions 
1 and 2. is rendered comparatively inactive by the introduction of a 
radicle into position 1, the combining power of the compound is 
greatly reduced. Yictor Meyer’s observations on the etherification of 
2-chloro- or 2-hydroxy-l-naphthoic acid and of 3-chloro- and 3-hydroxy- 
2-naphthoie acid are equally in accordance with this view : the former 
are not attacked whilst the latter are readily etherified. There can be 
no doubt that l-derivatives of 2-naphthoic acid will prove equally 
unsusceptible. 

Although the structure of the nucleus has a distinct infiuence, it 
would appear that it is rather the specific attracting power of the 
radicle which is eventually etherified that becomes affected and 
diminished by the introduction of negative radicles into the nucleus 
in its neighbourhood. Armstrong, indeed, has suggested this in ex- 
planation of the phenomena observed by Victor Meyer, and has 
pomted out (Proc., 1896, 12, 42) that the formation of a salt is 
presumably preceded by that of a combination of acid and ‘ alkaloid,’ 
fvcm which water is then eliminated, just as the acid attracting 
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power of the NHg radicle in aniline is affected by the introduction, 
say, of chlorine, so in like manner, the ‘ alkaloid ^-attracting power of 
the carboxyl group may be assumed to vary as radicles are introduced 
in its neighbourhood in place of the hydrogen, more particularly in the 
case of benzenoid compounds.” 

Whatever the ultimate explanation of the behaviour of benzenoid 
acids and phenols, there can be little doubt that the phenomena of 
etherification must be viewed from the same standpoint as those of 
substitution generally, as there is complete parallelism between them. 
Armstrong has recently called attention (Proc., 1899, 15, 176 ; Gkem, 
1899^ 80, 164) to the effects produced by introducing alkyl 
radicles in place of the hydroxy lie and aminic hydrogen in phenols and 
amines, and to the remarkable manner in which the formation of sub- 
stitution derivatives is inhibited. It is clear, in fact, that the influence 
of radicles in the nucleus on etherification, and, on the other hand, of 
etherification on the occurrence of substitution in the nucleus is 
reciprocal. This is further shown to be the case by the difference 
in the influence exercised by radicles according to their position—a 
single radicle in the metarposition relatively to the carboxyl of benzoic 
acid exercising less influence on the rate of etherification by alcohol 
and hydrogen chloride than does the same radicle in the para-position 
and much less than it does in the ortho-position. It is impossible to 
overlook the parallelism which such facts present with the phenomena 
of substitution expressed in the well-known ortho-para ” and “meta ” 
laws. 

Chemical Department, 

City and Guilds of London Institute 
Central Technical College. 


V . — Contribution to our Knowledge of the Aconite 
Alkaloids. Part XV. On Ja^aconitine and the 
Alkaloids of Japanese Aconite. 

By Wyndham R. Dunstan, F.R.S., and Habold M. Rbad, Assistant 
Chemist in the Scientific Department of the Imperial Institute. 

The examination of the physiologically active alkaloid which exists 
in Japanese aconite roots has already formed the subject of several 
communications to this and other societies ; but in view both of the 
conflicting statements as to its composition and relationship to aconitine 
and of the more recent work which has been carried out by one of us 
on aconitine and pseudaconitine (the crystulline, toxic alkaloids of 
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Aconitum Wapellm and A, ferox respectively), it was thought desirable 
that the investigation should be extended to the alkaloids of Japanese 
aconite, 

Japanese aconite roots seem to have come into commerce about 
twenty years ago ; they are now imported regularly, and are regarded 
as more toxic than those of A. Napellus. An exhaustive report by Dr. 
A. Langgaard on ‘^Japanese and Chinese Aconite Roots” was published 
in 1881 {Arch. Pharm.^ 18, 161), and from this it appears thsPt, 
although the native practitioner employs many varieties of aconite, 
that most frequently used and exported is ‘*Kuza-Uzu,” which has 
been identified by various authorities as A. Chinense, A. Fisckeri, and 
i, Lpcoctonum respectively. 

A crystalline alkaloid was first obtained from Japanese aconite 
roots by Paul and Kiugzefcfi (Pkarm. J,, 1877, [iii], 8, 173). The 
alkaloid was soluble in ether, insoluble in water, and formed uncrystal- 
lisable salts. Prom the results of a single combustion for carbon and 
hydrogen, and one nitrogen determination, the formula C29H43O9N 
was adopted. This, however, was not controlled by the analysis of 
the platinum salt. This alkaloid was said not to suffer hydrolysis 
into benzoic acid and a basic substance. 

In 1879, Wright, Luff, and Menke extended their investigations of 
the alkaloids of other aconites to those of Japanese aconite. The 
general results of their work (Trans., 1879, 36, 387) may be briefly 
stated as follows : 

1. The roots imported from Japan were considerably richer in 
active crystalline alkaloids, as well as in non-ciystalline bases, than 
A. Fapellm. 

2. Only one crystalline alkaloid, named japaoonitine^ was present. 

This melted at 184 — 186% and the formula was proposed, 

the base being regarded as the sesqui-apo-derivative of a parent sub- 
stance having the formula 

3. Japaconitine formed readily crystallisable salts, especially with 
nitric, hydrochloric, and hydrobromic acids. The hydrobromide has 
the formula OggHggOgi^Nfgy^HBr + SHgO. 

4. The alkaloid could be entirely extracted from the roots by means 

of alcohol alone. , 

5. When hydrolysed, japaconitine furnished benzoic acid and a new 
base, japaconine, which was amorphous, and formed amorphous salts, 

6. When either the parent base or the hydrolytic base is benzoylated, 
a derivative was formed- containing four benzoyl groups for every C33 
originally present. 

Por the hypothetical parent base, the formula 

(C,H,0-0)C,eH3AN(0H)3 
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was proposed, whilst japaconitine, being the sesqui-apo-derivative, was 
given the formula 

In 1885, K. F. Mandelin ezamined a specimen of japaconitine pre- 
pared by Merck, and stated that the alkaloid from Japanese roots 
agreed in chemical and physical behaviour with aconitine derived from 
A* Napellus. 

Liibbe {Ghem. Gentr., 1890, ii, 148) arrived at the same conclusion, 
working with material which he extracted from kuza-uzu roots im- 
ported direct from Japan. The alkaloid which he isolated crystal- 
lised in rhombic prisms melting at 183 — 184° It must be noted 
that the proof of the identity of his base with that obtained from 
A* N'apellua by Wright rests on the results of a single combustion. 

Still more recently, Freund and Beck {Ber.y 1894, 27, 723) have 
stated that ‘‘they have no doubt of the identity of the alkaloid from 
both sources,*’ although they do not give any details of the work 
which led them to this conclusion. 

The roots from which we have extracted the alkaloid used for this 
investigation were purchased in commerce as Japanese aconite, roots, 
Mr. E. M. Holihes, F.L.S., Curator of the Pharmaceutical Society’s 
Museum, kindly examined a specimen of these, and informed us that 
they are undoubtedly ordinary Japanese roots, such as described by 
Langgaard {loo* cit., and Fharm, 1881, [iii]» 11? 1043), and known 
in Japan as “kuza-uzu.” 


I. Japaconitinb. 

Extraction of the Alkaloid,. 

We have extracted the alkaloid by the following method. The 
finely ground root is percolated with a mixture of amyl alcohol and 
wood spirit, in the proportion of 1 part of the former to 5 of the 
latter, the complete exhaustion takes a considerable time. 

The wood spirit is distilled from the mixture under reduced pressure 
on a water-bath, the temperature of which is kept below 60°; the 
residual solution of the alkaloids in amyl alcohol is extracted with 
dilute (0-5 per cent.) sulphuric acid, and the latter thoroughly washed 
with ether to remove all traces of amyl alcohol. The alkaloid is now 
fractionally precipitated b;^ sodium carbonate or ammonia from the 
aqueous solution of the sulphate, and is extracted by shaking with 
ether. When the whole of the bases soluble in ether have been 
removed, the extraction is continued with chloroform. . 

The aqueous mother liquors still contain a small quantity of alkaloid, 
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a certain proportion of which may be removed by saturating the solu- 
tion with sodium sulphate and then shaking with chloroform. 

The ethereal solution is now washed with water to remove traces of 
alkali, and calcium chloride is added. The latter serves a double 
purpose in precipitating most of the colouring matter extracted 
by the ether, and at the same time drying the solution. Since the 
calcium chloride does not show any tendency to combine with the 
alkaloid, this method is very advantageous in avoiding a great deal of 
subseiuent purification. The dried and filtered solution is carefully 
distilled, and, when sufficiently concentrated, the nearly pure jap- 
aconitine crystallises out in minute, colourless rosettes of prismatic 
needles. Erom the mother liquor, a further quantity of crystalline 
japaconitine may be obtained. The best method for working up the 
solution in chloroform is to wash it with water to remove traces of 
alkali, evaporate to a small volume, drive ofi the residual chloroform 
with a current of air, and then to add ether to the pale brown varnish 
which remains. The greater part of the varnish dissolves in the ether, 
and on pouring off and evaporating the latter solution, more crystal- 
line japaconitine is obtained. The extract left undissolved by the 
ether will be described later (see page 62). 


Properties of Japaconitine, 

The crystalline base obtained in this manner melts at about 
196 — 196^. Eor the final purification, it is converted into a salt, 
preferably the hydrobromide, by dissolving in the diluted acid and 
evaporating the neutral solution in a vacuous desiccator until crystals 
form. The crystallisation may be considerably i)astened by well 
stirring the solution with a glass rod. We have found that, in evaporat- 
ing the solution, it is well to avoid entirely the aid of heat, since the 
saving of time efiected is more than counterbalanced by the discolora- 
tion of the resulting salt. Having recrystallised the salt, either from 
water or from a mixture of alcohol and ether, until the melting point 
remains unchanged, the base may be regenerated in the usual manner. 

When thus purified, japaconitine crystallises from ether, alcohol, 
or chloroform in colourless, anhydrous rosettes of needles. The base 
recrystallised from ether was analysed. 

0*6518ToBt 0‘002 after 30 minutes at 100°. Loss —0*362 per cent 

0*6267 „ 0*0003 „ 90 „ 100° Loss = 0*047 „ 

The base therefore does not combine with the solvent. 

Manyattempts were made to obtain large crystals for crystallo- 
graphic measurement, but these, unfortunately, have been unsuccessful. 

This difficulty in obtaining large crystals of japaconitine contrasts 
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sharply with the ease with which, by the same methods, the well- 
defined, hexagonal prisms so characteristic of aconitine are obtained. 
The largest japaconitine crystals we have succeeded in preparing wei’e 
obtained by the gradual precipitation of a solution in dry chloroform 
with light petroleum. These were kindly examined for us by Mr. 
W. J. Pope, who describes them as follows ; 

The crystals of japaconitine are very small, transparent, colourless 
needles possessing a brilliant lustre; the sides of the needles are 
made up of two pairs of parallel prism faces. A number of measure- 
ments of the prism angle showed- this to have the value 77° 35' — 
77° 54' ; no measurements in which the end faces of the needles were 
involved could be made owing to the minute size of these end 
faces. 

The extinction in the prism faces is straight, and on examination in 
convergent light the interference figure of a uniaxial substance, or of 
a biaxial substance with a very small optic axial angle, is seen emerg- 
ing in the angle between the prism faces ; the double refraction is 
negative in sign. On examining the crushed crystals microscopically, 
pieces may sometimes be found in which the optic axial interference 
figure occupies the centre of the field ; some pieces show a uniaxial 
figure, whilst in others the interference figure is biaxial with a very 
small optic axial angle* 

**On comparing the above description with that of aconitine given by 
Tutton (Trans., 1891, 69, 288) or of pseudaconitine by Pope (Trans., 
1897, 71, 352), no points of similarity are traceable ; it must there- 
fore be concluded that japaconitine is crystallographically different 
from both aconitine and pseudaconitine.’' 

Japaconitine is very soluble in acetone, wet alcohol, and chloro- 
form, and, when amorphous, in dry alcohol and in ether. When 
crystalline, it slowly dissolves in boiling ether and alcohol. It is 
almost insoluble in dry light petroleum, and is but slightly soluble in 
water. It is readily crystallised by the addition either of water to its 
solution in alcohol or in acetone, or of petroleum to its solution in 
chloroform, or in alcohol and ether. 

The pure base melts at 204*5° (corr.) to a clear, pale yellow liquid, 
which, a few seconds later, effervesces rapidly with the evolution of 
acetic acid. 


Specific Eotation of Japaconitine 

Lubbe {he. dt) has stated that a 3 per cent, alcoholic solution of 
japaconitine is inactive. We find, on the contrary, that both alcoholic 
and chloroform solutions are dextrorotatory, like those of acattitine 
(Dunstan and inoe, Trans., 1891, 59, 281). 

TOL. LXXriJ. X 
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(1) In chloroform. [a]jo= 4- 20*26° (mean). 

+0*622°; Z-2 dcm. ; c= 1*602 ; [aP^“ +19*41°. 

^15“ « ^0*6°; ^ = 2 dcm.; c-l*42; [a]f +21*12°. 

(2) In alcohol. [a]r)= +23*6°. 

ai8*5“== +17°2'; ^=2dcm.; c=0*605; [a]^«= +23*6° 

The specific rotatory power of japaconitine is therefore much 
greater than that of aconitine, which is only + 11° in alcohol (Dunstan 
and Ince, loe* cit,), whilst in chloroform we find it to be + 14*61° at 18°. 

Determination, of Methoxyl Groups in Japaconitine. 

The number of methoxyl groups in the base was estimated in the 
usual manner, using a slight modification of Zeisel’s method. 

0*1806 gave 0*268 Agl. OHgO- 19*58. 

0*1862 „ 0*279 Agl. OHgO^ 19*87. 

03 oH 3.707!N'(OCH3)^ requires 0H30= 19*16 per cent. 

Japaconitine therefore, like aconitine, contains four methoxyl groups. 

Combustions of Japaconitine, 

The pure base was burnt in a current of oxygen, using cupric oxide 
and a silver spiral. 

0*2867 gave 0*6534 00^ and 0*2005 HgO. C == 62*37 ; H « 7*79. 

0*2814 „ 0*6410 OOg „ 0*1790 HgO. 0^62*12 ; 7*06, 

0*1888 „ 0*4338 002 „ 0*1198 HgO. 62*66 ; 7*05. 

0*2049 „ 0*4740 002 „ 0*1322 HgO. 0-63-09 ; H- 7*16. 

Mean, 0 — 62*56; H— 7*26 per cent. 

Two combustions for nitrogen by the absolute method, using lead 
chromate, furnished the following data ; 

0*3036 gave 8*892 mg. moist nitrogen. N— 2*92. 

0*3106 „ 7*864 mg. moist nitrogen. N— 2*53. 

requires 0 — 63*06; H-7*57 ; N — 2*16 per cent. 

We therefore adopt this formula provisionally as best representing the 
composition of japaconitine. This formula differs only very slightly 
from that proposed for aconitine by Freund and Beck (&r., 1894, 27, 
433), 

Salts qf Japaconitine. 

Japaconitine, like aconitine, furnishes a number of well. crystallised 
salts. 

J apaconiMifie hydrocMoride h readily obtained by dissolving the pure 
base in dilute hydrochloric acid, the solution beii>g left faintly acid 



AND THE ALKALOIDS OF JAPANESE ACONITE. 51 

to litmus. The salt crystallises out in plates melting at 149 — 150*^. 
When crystallised by dissolving in alcohol and precipitating with 
ether, lustrous rosettes of hexagonal plates, melting at 149 — 150^, 
are obtained . The salt crystallised from aqueous alcohol and ether 
contains three molecular proportions of water. 

0*7800 lost 0*0640 after 1| hours at 105 — 110°. Loss =8*2. 

0*3230 gave 0*0604 AgCl. Cl = 4*62. 

+ SHgO requires 01 = 4*81 ; H20 = 7*3 per cent. 

It has already been shown (Bunstan and Ince, Ioq. cit,^ Bunstan and 
Carr, Trans., 1897, 71, 350) that although aconitine and pseudaconitine 
are dextrorotatory, their salts are Isevorotatory. Japaconitine also 
exhibits this peculiarity. 

The tri-hydrated salt dissolved in water was used for the following 
determination : 

-1*466°5 ^ = 2dcm. j c=:3*076; [a]5r= ^23*8° 

A determination of the specific rotation of aconitine hydrochloride 
was made at the same temperature for comparison : 

^1*433°; ^ = 2dcm.j c = 2*315 5 - 30*90 

Jupmonitme hydmhromide crystallises readily froin wateiri or from 
alcohol and ether. The crystals deposited from thfe latter sol visits 
are very similar to those of the hydrochloride, being rosettes of 
hexagonal plates. When dried, the salt melts at 172 — 173° 

The salt crystallised from aqueous alcohol and ether contains four 
molecular proportions of water. 

1*2860 lost 0*1044 after 2 hours at 105 — 110°. Loss =8*11. 
0*3320 „ 0*0278 „ 100---1 10°. Loss =8*37. 

0*3060 gave 0*0726 AgBr, Br = 10*09. 

03^114901117, HBr + 4H2O requires Br= 10*00 ; 9*00 per cent. 

Ja^movdtim hydriodide crystallises from water in minute rosettes 
melting at 195 — 197° When recrystallised from alcohol and ether, 
the salt melts at 207*5—208*5°. 

Japacomtine nitrate crystallises from water in minute rosettes of 
needles melting at 173 — 177° 

When recrystallised from alcohol and ether/ the salt contains one 
molecular proportion of water and melts at 194°, efEervescing jsharply 
at 199° The water of crystallisation is not lost until the salt. is 
heated to 115—120° .Aiter being dried at 100° 

0*5316 lost 0*01 at 116—120° for IJ hours. Loss « 1*9 |ier 
The hydrated salt gave the following numbers ■ 

■ lBi2 
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0-1762 gave 0-3620 00^ and 0-1146 HgO. C = 56 03 ; H = 7-22. 
Cg^H^jOuN.HNOg + HjO ifequires 0 = 56-04; H = 7-14; H20-2-47 

per cent. 

Japaconitine thiocyanate is prepared by adding an aqueous solution 
of ammonium thiocyanate to an aqueous solution of japaconitine 
hydrochloride. The crystalline salt, melting at 120°, is immediately 
precipitated if the alkaloidal solution is strong. W'hen dissolved in 
alcohol and precipitated with water, the salt crystallises in lustrous 
needles. These melt at 190—192°. Aconitine crystal- 

lised from water, melts at 145°; crystallised from alcohol and ether, 
it melts at 193 — 195° 

Japaconitine aurichloride is obtained as a bulky, amorphous, canary- 
yellow precipitate by the addition of an aqueous solution of auric 
chloride to an aqueous solution of japaconitine hydrochloride 
slightly acidified with hydrochloric acid. The precipitate is quickly 
filtered, washed with water until the washings are neutral, and 
then dried in a vacuum. The amorphous aurichloride is readily 
soluble in alcohol, chloroform, or acetone, slightly soluble in water. 
A few minutes after the amorphous salt is dissolved in a little alcohol, 
the greater part of it separates in minute, golden-yellow, opaque 
needles which melt at 231° (uncorr.). The same salt may be prepared 
by precipitating (1) methyl or ethyl alcohol, or acetone solutions with 
ether or mth water, (2) chloroform solutions with ether or with ether 
and petroleum. In each case, crystalline japaconitine aurichloride, 
melting at 231°, is obtained. 

On two occasions we have obtained yellow crystals of an auri- 
chloride melting at a much lower temperature. First, by dissolving 
the amorphous salt in dry chloroform and allowing the solvent to 
evaporate spontaneously, yellow prisms separated. These melted in- 
distinctly at 152 — 154° They were recrystallised by dissolving in 
chloroform and precipitating with ether, when similar prisms melting 
at 163° were obtained. On attempting to recrystallise these from 
alcohol, it was found that they separated from that solvent almost 
immediately after solution, in the opaque, small, canary-yellow 
rosettes which we find to be so characteristic of japaconitine auri- 
chloride. These rosettes melted at 231°. 

On the second occasion, a crystalline, golden-yellow aurichloride, 
melting indistinctly at 164 — 16.0°, was obtained after the addition of 
dry, light petroleum to an alcoholic solution of the amorphous salt. 
These crystals dissolved in chloroform, and on the addition of ether 
were precipitated in opaque rosettes melting at 231°. They were 
therefore japaconitine aurichloride. 

One of us has alr^dy shown (Duhstah and JoWett, Trans., 1893, 
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63, 994) that aconitine aurichloride may exist in three distinct iso- 
meric forms, the nature of the solvent and of the precipitant being 
apparently the factors which determine the production of these modi- 
fications. Although we have been unable to find the exact conditions 
for the formation of the salt of japaconitine melting at 154 — 156°, it is 
evident from these results that japaconitine aurichloride exists in at 
least two isomeric forms. The stable modification melting at 231°, 
being that most generally produced, we propose to japaconitine 
a-awricMoridef and the unstable variety, melting indistinctly at 
154 — japaconitine ^-aurichloride. The melting points of aconitine 
a-, y-aurichlorides are 135*5°, 151 — 152°, and 176° respectively. 

In this connection, it is of interest to note that japaconitine and 
aconitine, when mixed, may, by a tedious process, be separated by 
repeatedly fractionating the aurichlorides of the mixed bases by 
crystallisation from alcohol and from a mixture of alcohol and ether. 
Japaconitine a-aurichloride, melting at 231°, crystallises out in the 
first fractions, and aconitine ^-aurichloride, melting at 151 — 152° in 
the later fractions. 

J apaconitine a-aurichloride forms neither a hydrate nor an alcoholate. 
The crystalline salt, after being dried on a porous tile, lost no weight, 
eitheif when allowed to remain in a vacuous desiccator for several days, 
or when heated in the water oven. 

A determination of the gold and chlorine gave the following results : 

0*2408 gave 0*0474 Au and required 9*8 c.c. of iV/10 AgNOg (of 
which 983 c.c. = 3*55 01) for complete precipitation of the chlorine. 
Whence Au= 19*68 \ Cl == 14*69 per cent. 

The salt was burnt for carbon and hydrogen, but the determina- 
tion of the latter was of no value. 

0'2014 gave 0*3010 OO 2 . 0 = 40*76 per cent. 

O 84 H 40 Oii]Sr,HAuOl 4 requires Au= 19*96 ; Cl = 14*38 ; 0 = 41*33 
per cent. 

Physiological Action of Japaconitine, 

The physiological action of japaconitine is being investigated by 
Professor Cash. It may be stated here that it is an intensely toxic 
alkaloid which, in general, acts like aconitine, the resemblance between 
the two alkaloids being very close indeed. 

It produces the characteristic tingling of the lips, tongue, and skin, 
with long-continued tactile and thermic perception at the seat of 
application. It slows and then accelerates the heart, producing a 
sequence of ventricular upon auricular action. The d©a‘th occasioned 
by it appears, however, to be primarily respiratory. Whilst the lethal 
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dose of japacoBitine towards frogs esculenta and R» tBmpora7H(i) 

and mammals is not identical with that of aconitine, the difference in 
toxicity is not great, moreover the variation in the effect produced by 
an equal dose is one rather of degree than of kind. 

Action of Methyl Iodide on Japaconitine, Methyljapaconitim* 

When japaconitine is heated in a closed tube to a temperature of 
110—112° with a slight excess of methyl iodide, a crystalline methiodide 
is formed. This methiodide crystallises from the mother liquor with 
extreme readiness in large rosettes of colourless needles which melt 
at 224— 226° 

0*2240 dissolved in alcohol and precipitated with silver nitrate, 
furnished 0*0690 AgL 1 = 16*64, 

C34H4gOij^]sr,CH3l requires I = 16*09 per cent. 

On adding dilute potash to an aqueous solution of japaconitine meth- . 
iodide, a floeculent precipitate of methyljapacomtim, 034H48OjjLN*0Hg, . 
is thrown down. This base may be readily extracted by chloroform or 
ether, and crystallises from the latter in minute rosettes of colourless 
needles, which melt at 206°. 

A combustion of the pure base furnished the following data : 

. 0*1142 gave 0*2670 COg and 0*0790 HgO. C = 63*76 ; H = 7*69. 

OggHgjOnK'requires 0 = 63*64; B[ = 7*71 per cent. 

Meihyljapaconitvne aurichloride crystallises from a mixture of alcohol 
and ether in minute rosettes which melt at 223 — 225°, 

The readiness with which japaconitine furnishes a methyl derivative 
is another point of difference between it and aconitine (Dunstan and 
Jowett, Proc., 1894, 10, 96). 

Action of Acetyl GMoride on Japaconitine, THacetyljapaconitine, 

By allowing acetyl chloride to act on japaconitine for some hours 
a triacetyl derivative melting at 166° is formed. In addition to this, 
a small quantity of a derivative very soluble in alcohol, and melting 
at 184 — 186°, is produced, but the amount obtained was too small for 
further examination. 

THmety^apaconitine, 034H460iiN(00- 02:3)3, crystallises in colourless 
rosettes melting at about 166°. It is not very soluble in alcohol, and 
may thus be easily separated from the derivative melting at 184—186°. 
It is soluble in ether and in chloroform, but insoluble in water. 

0*1043 gave 0*2367 OOg and 0*0697 HgO. q = 6i *33 ; H « 7*41. 

0*2476 „ on hydrolysis with potash, 29*6 per cent, acetic acid. 

C40H53O14H, requires C = 62>09 j H = 7-11 * OgH^Og = 31*04 per cent. 
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II. Japbenzaooninb. 

Hydrolysis of Japaconitine, 

When japaeonitine is hydrolysed, it furnishes acetic acid, and a new 
crystalline base, which from its analogy to benzaconine, the hydrolytic 
base from aconitine, we purpose naming japhenzaconine. This hydro- 
lysis may be effected in neutral, in alkaline, or in slightly acid solution. 
The last is the most convenient, since in the presence of alkalis, the 
new base, japbenzaconine, readily suffers further hydrolysis into 
benzoic acid, and another base, japaconine (vide infra). Although any 
of the salts of japaconitine may be used for the hydrolysis, we have 
found the sulphate to give the most satisfactory results. 0*4122 gram of 
japaconitine was neutralised with dilute sulphuric acid and the solu- 
tion heated in a sealed tube for 9 hours at 115 — ISO'^. The slightly 
discoloured solution was then neutralised with soda. A definite 
amount of decinormal sulphuric acid was now added and the benzoic 
acid, a small quantity of which is invariably produced, removed by 
shaking with benzene. The aqueous portion and the washings from 
the benzene were titrated with soda (1020 c.c. = 4*9 H2SO4) of which 
6*6 c.c. were required, equivalent to 9*41 per cent, acetic acid. The 
equation C34H49OUN + =« O3H4O2 + 032347010^ requires 9* 2? 

per cent. The identity of the acid was proved by an analysis of 
its silver salt. 

0*1485 gave 0*0957 Ag. Ag = 64*44. 

OgHgOgAg requires Ag = 64*66 per cent. 

The identity of the benzoic acid, extracted by benzene, was deter- 
mined by its melting point, which was 121°, as well as by other of its 
physical characters (vide infra), Ho methyl alcohol or other product 
could be detected. The hydrolysis, therefore, takes place according to 
the equation given above. 

Wright and Luff do not record the production of acetic acid during 
the hydrolysis of japaconitine, nor did they observe the formation 
of japbenzaconine. Their account of the hydrolysis is that the 
japaconitine is decomposed, forming japaconine and benzoic acid. 


Properties of Japhenz^onine, 

The new base is precipitated from the aqueous solution of its salts 
by the addition of alkali, and may be partially removed by shaking 
with ether. Its complete removal necessitates a vigorous shaking 
with chloroform. By the evaporation of its ethereal solution, jap- 
benzaconine is obtained as a colourless varnish. The latter readily 
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dissolves in dilute hydrochloric acid, the solution, after partial evapo- 
ration and stirring, yielding a crystalline salt. Although no difficulty 
attends the crystallisation of the salts of japbenzaconine, many at- 
tempts were made to crystallise the base before it was accomplished. 
The following method finally proved successful. A slight excess 
of dilute ammonia was added to an aqueous solution of the pure 
hydrochloride, the white fiocks of the precipitated base dissolved 
by shaking with ether, and the ethereal solution washed and 
dried over calcium chloride. The dried solution was filtered into a 
stoppered bottle, and sufficient light petroleum added to produce a faint 
opalescence. A considerable quantity of amorphous japbenzaconine 
separated, and after standing 2 or 3 days the clear mother liquor was 
poured off into another bottle. After several days, minute rosettes 
appeared. These melted at 176°; further small quantities of crystals 
having the same melting point were obtained by the careful addition 
to the mother liquor of small quantities of light petroleum. When 
purified by recrystallisation from a mixture of ether and petroleum, 
the base melted at 183°. It could also be crystallised by dissolving in 
alcohol and precipitating with water. The crystals thus obtained 
melted at about 180°. 

Japbenzaconine, therefore, differs very markedly from benzaconine in 
the fact that it may, when pure, be fairly readily crystallised. The 
only well-defined crystals we have obtained were rhombohedral plates. 
When dissolved in dilute acids, the solution is distinctly bitter, and 
quite free from the tingling sensation so characteristic of japaconitine 
and of aconitine. The base, crystallised from ether, is anhydrous. 

0*1967 lost 0*003 after 1 hour at 103°, that is, 1*53 per cent. 

Specific r<>tat%on of japhenmconim* In alcohol. 

ais-5- ^ 1-633°; Z-2dcm.; c = 2*033; [ajT- +40*16° 

The specific rotation of benzaconine is + 4*48 (Bunstan and Harrison, 
Trans*, 1893, 63, 443). Japbenzaconine is therefore nearly ten times 
more optically active than benzaconine. 

Combustions of Japbenzaconine : 

0-1922 gave 0*4510 OOg and 0*1505 HgO. 0=. 63*99 ; 8*7. 

0*1857 „ 0*4365 002 ,, 0*1252 HgO. 0 = 64*10; 7*49. 

C32H4.7O10N requires 0 = 63*47 ; H = 7*76. 

Salts qf Japhenzaconim, 

The salts of Japbenzaconine ciystallise with extreme readiness. 

Japbenzaconine hydrochloride crystallises from water in minute 
rosettes melting at 244—245° When recrystallised from alcohol and 
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ether, the melting point is raised to 253°. The salt, crystallised from 
alcohol and ether, contains one molecular proportion of water. 

0*2234 hydrated salt lost 0*0044 HgO after 1| hours at 100°. 
H20 = 1*97. 

0*2009 hydrated salt lost 0*0057 HgO after heating | hour at 110°. 
H20«2*33. 

0*1950 hydrated salt gave 0*0416 AgOl. 01 = 6*27. 

0*2066 „ „ 0*0446 AgOl. 01 = 5*34. 

OggH^irOioKjHOl + HgO requires HgO = 2*73 ; 01 = 5*38 per cent. 

Specific rotation of the hydrated hydrochloride in water, 

^28^ ^ -0*8°; ^=2 dcm.; c = 2*028; [a]^ = -19*73° 

The specific rotation of benzaconine hydrochloride, dissolved in 
water, was taken for comparison. 

^23»:^0*75°; Z=2dcm. ; c = l*492; = -25*13°. 

Oombustions of the anhydrous hydrochloride. 

0*1894 gave 0*4175 OOgand 0*1240 HgO. 0 = 60*11 ; H = 7*27 

0*1925 „ 0*4242 002 „ 0*1281 HgO. 0 = 60*09 ; H = 7*39. 
03gH4yG3QN, HOI requires 0 = 69*96 ; B[ = 7'49 per cent. 

Japbenzacmim hydrohromide crystallises from water in minute 
prisms, and from alcohol and ether in rosettes melting indistinctly 
about 205 — 217°. 

Japhenzaconine aurichloride is precipitated in amorphous, yellow 
Hocks on mixing aqueous solutions of auric chloride and of japbenz- 
aconine hydrochloride. The dried amorphous salt crystallises immedi- 
ately upon the addition of dry alcohol, the crystals melting at about 
212°. The salt maybe readily crystallised from alcohol or chloroform 
by precipitation with ether. The melting point varies with the nature 
of the solvent, the crystals from alcohol melting at 219°, and those 
from chloroform and ether at 228°. By the addition of water to an 
alcoholic solution, the salt is precipitated in oily drops. The crystal- 
line aurichloride is anhydrous. 

Analysis of the salt furnished the following results. 

0*3320 gave 6*0676 Au and 0*189 AgCL Au = 20*33 ; 01 = 14*08. 

032H4^0ioIi5',HAuCl4 requires Au = 20*84 ; 01 = 15*02 per cent. 

The hydrochloride of the regenerated base crystallised readily from 
water, melted at 246°, and was identical with japhenzaconine hydro- 
chloride. 

Aurichlor-japhenzaconine . — When an alcoholic solution of jap- 
benzaconine aurichloride, to which a few drops of light petroleum 
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have been added, is allowed to stand for about a week, colourless, well- 
defined, lustrous octahedra are obtained. These octahedra, after re- 
crystallisation from alcohol and ether, melt at 178® with the separation 
of a considerable quantity of gold. The mother liquor from which 
these crystals separated furnished a small quantity of colourless 
rosettes of needles melting at about 230° and containing gold. The 
quantity obtained was unfortunately too small for further examination. 

. The octahedra, melting at 178°, crystallise without any attached 
solvent. An analysis furnished the following data : 

0*2332 gave 0*053 Au and 0*078 AgCl. Au = 22*72 ; 01 == 8*27 
CggH^gOiolT-AuClg requires Au== 22*6 ; 01 = 8*23 per cent. 

The hydrochloride of the regenerated base crystallised from alcohol 
and ether in beautiful, lustrous rosettes melting at 252 — 253°, and 
identical with japbenzaconine hydrochloride. 

III. Japaconine. 

Hydrolysis of Japbenzaconine, 

Japbenzaconine is slowly hydrolysed by strong alkalis or by cold 
dilute sulphuric acid, more rapidly on heating. The complete hydrolysis 
is, however, by no means easy to effect, since the continued heating 
with alkalis leads to the resinification of the hydrolytic products. 
This is obviated to a certain extent by carrying out the hydrolysis 
either in alcoholic solution, using an alcoholic solution of Sodium 
hydroxide, or in a sealed tube. The former method was the one which 
we found most satisfactory, and gave fairly concordant results when 
the percentage of benzoic acid was determined. 

2*9015 grams of japbenzaconine were dissolved in alcohol, warmed, 
and a 30 per cent, alcoholic solution of sodium hydroxide added. The 
mixture was allowed to stand for 24 hours. Dilution with water pro- 
duced no precipitation of japbenzaconine, showing that the hydrolysis 
was complete. The solution was neutralised with sulphuric acid, the 
alcohol removed by evaporation on a water-bath, and the aqueous solu- 
tion, after acidifying with sulphuric acid, extracted with benzene. The 
benzene solution was extracted with dilute soda, and the latter acidified 
with sulphuric acid and extracted with ether. The dried ethereal solu- 
tion furnished, after careful evaporation, 0*589 gram of benzoic acid 
(m. p. 121*5°) =19-98 per cent. 

The following equation therefore represents the hydrolysis, the 
calculated quantity of benzoic acid being 20*16 per cent. 

C32H4A0N + HjO= OeHs- CO^H + 02bH,30„N. 

The acid solution from whioh the benzoic acid had been removed 
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was now rendered alkaline, and extracted, first with ether and then 
with chloroform. The ether removed nothing from the solution, and 
the chloroform only a trace of alkaloid which was readily extracted 
again by shaking with water. The residual solution was therefore 
neutralised with sulphuric acid, and evaporated to dryness. The 
residue, most of which was sodium sulphate, was extracted with 
alcohol, the alcoholic solution made alkaline with sodium hydroxide, 
evaporated to dryness, and the brown alkaloidal residue dissolved 
in chloroform; the chloroform solution gave, after evaporation, 
a very hygroscopic, dark brown varnish. This varnish, which was 
strongly alkaline to litmus and readily reduced Fehling’s solution, was 
purified by neutralising with aqueous sulphuric acid and removing 
the greater part of the colouring matter by boiling the solution 
with charcoal. The pure base, japaconine, was obtained by 
precipitating the solution of the sulphate with barium hydroxide, 
filtering, and evaporating the aqueous solution. It was finally purified 
by the fractional precipitation of a solution in chloroform with ether. 
Most of the colouring matter is precipitated in the first fractions, the 
later fractions being almost colourless japaconine. 


PropeHiea and C(mpodtim of Ja^actmim 

Thus purified, japaconine is a colourless, exceedingly hygroscopic, 
powder which we have so far been unable to crystallise. It is readily 
soluble in water, alcohol, chloroform and acetone, but almost in- 
soluble in ether and petroleum. It melts indefinitely between 
97*^ and 100°. Its specific rotation in water is 4- 10*88° 

a'®” = +0*4°; 1^2 dcm.; c=l*837; [a]g“ ^ +10*88°. 

Combustions of the amorphous japaconine. 

0*2010 gave 0’4480 OOg and 0*1460 HgO. 0 = 60*78; H::=: 8*07. 

0*1856 „ 0*4068 002 „ 0*1193 HgO. 0 = 69*65; H«7*14. 

0*1634 „ 0*3646 002 „ 0*1108 HgO. 0 = 60*77; 7*63. 

OggH^gO^N requires 0 = 59*88 ; H = 8*68 per cent. 

The salts of japaconine crystallise with great difiSoulty. None 
crystallise from water, and those which we have crystallised from 
alcohol and ether are so hygroscopic that we have, unfortunately, been 
unable to examine them completely. 

Japaconine hydrohromide crystallises from alcohol and ether in 
rosettes of colourless, triangular plates melting sharply at 221°. 

Japaconine hydrochhride crystallises from alcoholic solution after 
the addition of ether. 

Japaconine oxalate crystallises in colourless, dumb-bell shaped rosettes. 
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A strong aqueous solution of the hydrochloride gives no precipitate 
with auric cfiloride or platinic chloride, and the aqueous solution of the 
aurichloride is quickly reduced. Fehling’s solution is also reduced 
when boiled with a solution of japaconine. 

In its general behaviour, japaconine resembles aconine^ its salts, 

however, crystallise much less readily than those of aconine. 

IV. Pyeojapaconitine. 

Effect of Heat on Japaconitine^ 

It has already been shown (Dunstan and Carr, Trans., 1894, 65, 
176 ; 1897, 71, 350) that aconitine and pseudaconitine decompose when 
heated at their melting points, furnishing acetic acid and new bases 
which were named pyraconitine and pyropseudaconitine respectively. 
We find that japaconitine behaves in a similar manner. When heated 
at about 200— 210° for 10 minutes, the base gradually darkens, and 
finally melts, with the evolution of acetic acid. The amount of the 
latter, estimated by titration with decinormal soda solution, vanes from 
8*4 to 8*9 per cent. The amount required for a loss of one molecule of 
acid from one molecule of japaconitine (Cg4H4g0;iihr-02H402)~9*27 
per cent. In addition to the loss of the acetic acid, there is almost 
invariably a further loss varying from 3 to 4-5 per cent,, the nature 
of which has not been determined. 

The dark brown varnish which remained after the evolution of 
the acetic acid was readily purified by dissolving in dilute sulphuric 
acid, exactly neutralising the solution with soda, and boiling with 
charcoal for a few minutes. Ammonia was added to the colourless 
solution thus obtained, and the bulky, fiocculent precipitate of the 
pyro-base extracted by shaking several times with ether and finally 
with chloroform. The ethereal solution was dried with calcium 
chloride and evaporated to dryness, a pale yellow varnish being thus 
obtained. This varnish was dissolved in dilute hydrobromic acid, and 
the solution evaporated to a small bulk on a water-bath. After 
vigorous stirring, minute crystals of the salt separated, which 
melted at 240° (pyraconitine hydrobromide melts at 282°). The 
base was regenerated and extracted with ether, and the ethereal 
solution, after partial evaporation, dried with calcium chloride, 
filtered into a stoppered bottle, and light petroleum added until 
an opalescence formed. Colourless needles of the base crystallised 
after standing a few days. These, after crystallisation, melted at 
167—168° 

The alkaloid, like pyraconitine, is Isevorotatory. 

= -8*33°; ^ = 2dcm.; c-2*529; fair = -66*89, 



AND THE ALKALOIDS OF JAPANESE ACONITE. 61 

On combustion, the crystalline base furnished the following results : 

0-1081 gave 0-2582 COg and 0-0685 HgO. 0 = 65-14; H = 7-04. 

0-1079 „ 0-2572 002 „ 0*0652 HgO. 0 = 64-92 ; H= 6-71. 

O32H45O9N requires 0 = 65*41 ; H = 7-66 per cent. 

A methoxyl determination by ZeiseFs method shows that pyro- 
japaconitine, like japaconitine, contains four methoxyl groups. 

0-1960 furnished 0*2810 Agl. OHqO = 19’00. 

O32H45O9N requires, for 3 methoxyl groups, OHgO= 15-8 per cent. 

j> . j> ^ » >> 0H30 = 21-1 „ 

Pyrojapaconitine furnishes well crystallised salts. 

Pyrojapaconitine hydrohromide separates from water in minute, 
colourless crystals melting at 241^. When this salt is recrystallised 
by dissolving in alcohol and precipitating with ether, it melts at 
208 — 209°, but, after solidification, it remelts at about 237 — 238°. The 
melting point of this (208°) variety is unchanged by repeated recrys- 
tallisation from dry alcohol and ether, but when recrystallised from 
water the salt melts at 241°, 

The salt, crystallised from its aqueous solution, contains two mole- 
cular proportions of water, one only of which is lost at 100°. 

0-7140 lost 0-0293 HgO after 2 hofirs at 100° H2Osi*4-10. 

0-4416 ,, 0-0180 HgO „ 70 minutes at 100—130° H20 = 4-8. 

The specific rotation of pyrojapaconitine hydrobromide in water is 
-102-5° 

-6-616°; Z=2dcm.; c = 2-7388; [a]f= -102*6° 

On analysis, the salt, dried at 100°, furnished the following data : 

0-1816 gave 0*3706 OOg and 0-1030 HgO. 0 = 65-68; H«6-30. 

0-1910 „ O-39IOCO2 „ O-lllOHgO. 0 = 66-83; H = 6-45. 

0-4236 „ 0-1160 AgBr. Br= 11*66. 

Cs2^450dN,HBr + H2O requires 0 = 66-97 ; H = 6*99 ; Br = 1 1 *66 per cent. 

Unsuccessful attempts were made to prepare an anhydrous hydro- 
bromide by a direct method. 

Pyrojapaconitim mrichloride is precipitated in bulky, yellow fiocks 
on the addition of aqueous auric chloride to an aqueous solution of 
pyrojapaconitine hydrochloride. It crystallises very easily from its 
solution in alcohol or chloroform after either spontaneous evaporation 
or the addition of ether. The melting point of the salt varies with 
the solvents from which it is crystallised, that from chloroform melt- 
ing at about 160—161°, and that from alcohol and ether at about 
188— 189°.. ' ■ V 
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The following results were obtained by the analysis of the salt 
(m, p. 160 — 161°) crystallised from chloroform : 

0-3389 gave 0-0697 Au and 0-2025 AgCL Au== 20-66; Ol* 14-78. 

The salt (m. p. 188 — -189°) crystallised from alcohol and ether gave 
the following data : 

0-1742 gave 0-2666 COg and 0*0740 HgO. 0-40*01 ; H = 4*72. 

0*1694 „ 0-2502 002 „ 0*0696 HgO. 0-40-28; H-4‘66. 

0 g 2 H 4 g 09 ]! 7 ,HAu 0 l 4 + H20 requires 0-40*63; H-5-07; Au-20*84 ; 

01— 15*02 per cent. 

OggH^sOgN^HAuOl^ requires 0 = 41*42; H-4*96; Au-21*26; 

01 — 15*31 per cent. 

No aurichlor derivative could be obtained. 

V. Pyeojapaconinb. 

Hydrolysis of FyrojayaconUine, 

Pyrojapaconitine is hydrolysed with extreme readiness by alkalis, 
the hydrolysis being complete in less than an hour. The products of 
the reaction are benzoic acid and a new base, yyroja/pmonim^ 

0s 2H,50,N + HgO - OeH,* OOgH + 

Pyrojapaconine may be extracted from its aqueous alkaline solution 
by shaking either with ether or chloroform, preferably the latter. Light 
petroleum precipitates the substance from the ethereal solution in 
colourless, amorphous flakes melting at about 123 — 128°. The base is 
very deliquescent. 

Its specific rotation is - 73-96°. 

-4*3°; ^-2dcm.; c = 2*9106; [a]g^-73‘96° 

Combustions of pyrojapaconine furnished the following results : 

0^1495 gave 0*3385 OOg and 0*1060 HgO. 0-61*76 ; H-7‘87. 

0*1499 „ 0*3370 002 „ 0*1035 HgO. 0-61*31 ; H-7-67. 

C2gH4i08N requires 0 — 62*11 ; H — 8*48 per cent. 

All attempts to crystallise either the base or its salts were unsuccess- 
ful. The auricMoride is soluble in warm water, but separates in a 
vitreous mass on cooling. It is soluble in alcohol, and the deep yellow 
solution becomes colourless after long standing. 

TI. The Amoephotjs Alkaloids op Japanese Aconite. 

In wprMng up the crystalline japaconitine used for the preceding 
work, a small amount of an amorphous base was accumulated. This 
base furnished a hydrochloride, which crystallised readily from 
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water in the minute crystals^ so characteristic of japbenzaconine 
hydrochloride, and melted at 241 — 242^. By recrystallisation 
from alcohol and ether, the melting point was raised to 245°. 
This is the melting point of japbenzaconine hydrochloride. In order 
to completely confirm the identity of this substance, a small quantity 
was converted into the aurichlor derivative by adding light petroleum 
to an alcoholic solution of the aurichloride. Colourless octahedra of 
auTichloT-japbenzaconine melting at 179° separated. The amorphous 
base which accompanies japaconitine in Japanese aconite roots is 
therefore japbenzaconine. The amount is exceedingly small (about 1 
gram from 11| kilos.) as compared with the quantity of benzaconine 
contained in the roots of Aconitum Napellus. 

The results of this investigation, which has occupied us for several 
years, seem to leave no room for doubt that the crystalline alkaloid 
(japaconitine) of Japanese aconite, though closely resembling aconitine, 
the crystalline alkaloid of A, NapellusA^ chemically a distinct individual. 
The chief differences which we have established between them and 
their derivatives are summarised in the following tables ; 


I , — Japacmitine and Acomtine, 


Substance, 

Melting 

point. 

Specific rotation. 

Eemarks, 

Japaconitine 

Aconitine 

204-2° 

106—197° 

■i-20'26" in chloroform 
+ 14*6° in chloroform 

Prismatic needles 
Hexagonal prisms 

Japaconitine hydrochloride... 
Aconitine hydrochloride 

U9-.160“ 

149" 

-23 *8° in water 
- 30*9° in water 


Japaconitine hydrobromide . . . 
Aconitine hydrobromide 

172—178'' 

188° 

-30*8° in water 


Japaconitine hydriodide 

Aconitine hydriodide 

207—208° 

226° 



J apaconitine aurichloride , . . 

Aconitine aurichloride.... 

f(a} 158° 

\ {-8)281° 
f(a) 185-6° 
1(8)162° . 



Triacetyljapaconitine 
Triaeetylaoonitine ............ 

166—187 
: 207° 

1 ■ , ' ■■ 
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11 . — Japh'nxaeonim and Btnmemine. 


Substance. 

Melting 

point 

Specific rotation. 

Eemarks, 

Japbenzaeonine 

Benzaconine 

182-^183" 

125“ 

+ 4016“ in al(?ohol 
+4*48“ in alcohol 

Rectangular plates 
Uncrystallised 

Japbenzaeonine hydrochloride 
Benzaconine hydrochloride 

268° 
f(a) 2ir\ 
1(;8) 268°/ 

- 19*73“ in water 
-28*7“ in water 


Japbenzaeonine hydrobromide 
Benzaconine hydrobromide . . . 

205—217° 

282° 

i 


Japbenzaeonine aurichloride.. 
Benzaconine aurichloride 

228“ 

125-135“ 



Aurichlor-japbenzaconine 

Auriehlor-benzaconine., 

178° 

204° 


Octahedra 
Rectangular prisms 


Japaemine and Aconine. 


Substance. 

Melting 

point 

Specific rotation. 

Remarks. 

Japaconine 

Aconine 

97-100“ 

132“ 

+ 10*88“ in water 

+ 23“ in water 

Amorphous, very 
hygroscopic 
Amorphous, very 
hygroscopic 

Japaconine hydrobromide . . . 

221“ 



Japaconine hydrochloride , . , 
Aconine hydrochloride . 

175*5“ 

- 7*71“ in water 

Uncrystallised 
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Pyrojapaeonitine and Pyraconitine, 


Substance. 

Melting 

point. 

Specific rotation. 

Remarks. 

Pyrojapaconitine 

PyraconitineJ 

153— 168“ 
167-5“ 

- 65 ’SQ" in alcohol 
Inactive 


Pyrojapaconitine hydro- 
chloride 

Pyraconitine hydrochloride... 

176—176“ 

248-76“ 



Pyrojapaconitine hydro- 
bromide 

Pyraconitine hydrobromide . . . 

/(o) 208“\ 
1(41) 241“/ 
f(a) 204“1 
\(;8) 280“/ 

-102*5" 

-46*8® in water 


Pyrojapaconitine anrichloride 
Pyraconitine anrichloride 

161" 


Crystalline 

Uncrystallised 

Pyrojapaconine 

Pyraconine 


-73*96" in water 
-90*99" in water 

Uncry Btallised 
Uncrystallised 


The conclusions to be drawn from our results as to the composition 
and properties of japaconitine are not in agreement with those of 
Wright and his fellow-workers. Keither can we confirm the opinions 
which have been advanced by Mandelin, Liibbe, and by Freund and 
Beck, all of whom regard japaconitine as identical with aconitine. 

For the present, we reserve a discussion of the exact nature of the 
^ relationship between japaconitine and aconitine, as we are not yet in 
a position to decide finally which formula to select for either alkaloid 
as most correctly expressing its composition and the composition of 
its derivatives. 

iMrsKUL Institute,. S.W. 


YL — A Method of Separation of the various Isomerides 
contained in ordinary commercial Xylidine.^ 

By W. B. Hodgkinson and Leonhabi) liiMFAOH. 

Obdinary technical, or commercial, xy Udine, obtained by the nitration 
and subsequent reduction of the co4 tar xylene distilling between 

* This is a continuation of some work on xylidmes and xylenols (compare Trans., 
18P2, 61, 420; 1803, 68, 104). 

VOL, LXXVIL E 
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166^ and 142®, contains, with the exception of the symmetrical 
5-amino-m-xylene, all the possible isomerides from the three xylenes. 
The main constituents are the 4-amino-77i-xylene and the 2-amino-^- 
xylene, which together make up about 70 per cent, of the total toses. 

In the present paper, an account is given of a process for effecting 
a complete separation of all the isomerides present in commercial 
xylidine, making use of the method already devised by one of 
the authors for the isolation of 4-amino-m-xylene as acetate, and of 
2^amino-^-xylene as hydrochloride (Germ, pat., 39947, of September 
19th, 1886 j Eng. pat., 11822, 1886), and of 2-amino-?w-xylene by 
means of its formyl derivative 1899, 32, 1008). 

When acetic acid is added to ordinary xylidine, the acetate of the 
4-amino-^xyIene is the only one to” crystallise out. The method we 
have worked out, and employed to obtain the different xylenols, de* 
pends in the first instance on this fact. 

As an example, 300 grams of commercially pure xylidine were 
treated with slightly more than the necessary amount of glacial* acetic 
acid to convert the 4-amino-m-xylene into its acetate* t The crystallisa- 
tion of the acetate commenced at once, and was practically completed 
after 24 hours standing. The crystals were separated in a centrifugal 
separator (a filter pump would be equally effective), and, after press- 
ing, were found to be almost pure 4-amino-m-xylene acetate. 'Asa 
rule, the yield of the base by this method amounts to from 40 to 42 
per cent, of the original xylidine. 

The acetate was hydrolysed with sodium hydroxide, and the base 
converted into the formyl derivative, which, after the first crystal- 
lisation from dilute alcohol, melted at 113*5®. 

^-A^ino-^-xykne, 

The filtrate and mother liquors contain a considerable amount of 
the 2-aminq-;p-xylene t smd smaller quantities of 3-amino-o-xylene, 
4-amino-o-xylene, and 2-amino-m-xylene. 

To this mixture, hydrogen chloride (ordinary strong solution) was 
added until the whole dissolved. On cooling, the 2-amino?^xylene 
hydrochloride crystallised out, and after a couple of recrystallisations 
was obtained quite pure. 

* Glacial acid ia not absolutely necessary; 80 per cent, acid acta quite well, but 
the product takes a longer time to crystallise. 

f This can be ascertained suflBlciently nearly on a very small scale. ** 

t This is valuable for the production of psettdocumidine* 
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It may be remarked that the product obtained in the first crystal- 
lisation is sufficiently pure for conversion into pseudocumidine. 

Some of the product from the first crystallisation was made into 
the formyl derivative. This melted at 116 — 117°, after the first 
crystallisation from weak alcohol. 

As indicated by this method, about 30 per cent, of this isomeride 
is, as a rule, contained in ordinary xylidine. 


The residue (filtrate) from the para-base now contains the two 
ortho- and the meta-isomerides. We find that the 2 -amino-m-xylene 
ban be very completely separated in the following manner. The 
mother liquors are evaporated in a retort. After the excess of acid 
and water has distilled off, the contents of the retort become semi- 
solid. On now gently heating, the hydrochloride of 2-amino-«^-xylene 
sublimes in very beautiful, silky, needle-shaped crystals. One re- 
sublimation gave a perfectly pure product. From 300 grams of xylidine 
we have obtained 10*6. grams of this salt, indicating the presence of 
2*7 per cent, of this isomeride. 

Another method, adapted for larger operations, is to distil off about 
20 per cent, of the contents df the r^^^^ by heating rapidly ; the 
distillate then solidifies very quickly. It can then be converted into 
the formyl derivative, and easily be obtained perfectly pure by one 
crystallisation. 

The formyl derivative of 2-amino-m-xylene crystallises in very 
beautiful, long needles which, when slowly heated in the usual way, 
melt at 164°, but when rapidly heated, melt only at 176 — ^177°. It 
is completely hydrolysed' after boiling for 6 hours with alcoholic 
potassium hydroxide. 

The acetyl derivative melts at 177°, and also crystallises in long 
needles. 

The l^e distils completely at 216° under 735 mm. pressure (therm. 
m vaj^ur)j and has a sp. gr. 0*980 at 16°. 

Froni tluB isomeride, we have obtained, by diazotisation, the m-2- 
xylenol.^ It orystalises from water, in which it is somewhat soluble, 
in long, hard crystals, and from dilute alcohol in long" prisms. It 
melts at 47° and boils at 190*5° (therm, ip vapour) under 738 mm. 
pressure.'"' — — ■ , 

* We have prepared a numher of derivatives irom this xylenol, which we hope to 
describe, with others, later. .. 
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Z-Amino-o-xyUm. 

The black residue in the retort, from which the 2-ammO'^ -Xylene 
hydrochloride had been sublimed, consisted of the hydrochlorides ^ of 
the two ortho-bases. t It was dissolved in water, and the bases, set 
free by the addition of excess of sodium hydroxide, were separated 
from the alkaline liquid, distilled in steam, $ and then converted into 
their formyl derivatives. This is particularly easily accomplished by 
the simple addition of the necessary amount of formic acid, of 25 per 
cent, strength, and heating on a water-bath. 

The two formyl compounds were now separated by taking aii*- 
vantage of a slight difference in their rate or facility of crystallising* 
After standing for a few days, the mixture became semi-solid j the 
liquid portion was then pressed out, and the solid portion recrystal- 
lised. The first batch of crystals melted at 100 — 102°. They were 
hydrolysed by alcoholic sodium hydroxide, and the base converted 
into the acetyl derivative, which melted at 132°. 

This base, therefore, is 3-amino-o-xylene, and the amount contained 
in xylidine amounts roughly to 9 — 11 per cent. 


The mother liquor pressed from the formyl derivative of 3-amino-o- 
xylene consists for the most part of that of 4-amino-o-xylene, with 
small quantities of the other bases which have escaped separation. 

It is very difficult to induce this formyl derivative to crystallise. 
Cooling with a freezing mixture to —20° for some time was without 
result. It was therefore hydrolysed, and the base separated. This dis- 
tilled over completdy at 222° (therm, in vapour), and after standing 
for 3 or 4 months during the winter, formed large, monoclinic 
crystals, which melted at 48°. A formyl derivative prepared from 
them was induced to crystallise by considerable cooling and agitation, 
and the base obtained from this crystallised material by hydrolysis 
melted at 52°. There is therefore no doubt it is the 4-amino-o-xylene. 

We have prepared considerable quantities of the xylenols corre- 
sponding to these xylidines, and will shortly give an account of some 
of their derivatives. 

Woolwich AND Eelangbn. 

* For some purposes these may be used without further purification. 

. i About 20 to 25 per cent, of these isomerides is contained in ordinary xylidine. 

t These bases also distil alone without decomposition. 
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I'll,— The Oxidation of Orgamc Acids in Presence 
of Ferrous Iron, Part I. 

By Henri J. Hoestman Fenton, M.A., F,R.S., and H. 0. Jones, 

B.A., B.Sc. 

The oxidation of various organic substances by means of hydrogen 
dioxide and other agents in presence of small quantities of iron salts, 
has formed the subject of a considerable number of communications to 
the Society and elsewhere (compare Fenton, Ghem, News., 1876, 33, 
190; 1881, 43, 110; Trans., 1894, 65, 899; 1896, 69,546; Proc,, 
1398, 14, 119 ; Brit. Assoc. Beports, 1895, 1898, 1899; Fenton and 
Jackson, Trans., 1899, 75, 1 ; Cross and Bevan, Trans., 1898, 73, 
463 ; 1899, 75, 747 ; Morrell and Crofts, Trans., 1899, 75, 786 ; 
Martinon, BvM. Soc. Ghim., 1885, [ii], 23, 196). 

The present paper deals with a continuation of this investigation, 
which is being carried out by the authors with a view of arriving at 
further general conclusions as to the nature of the reaction, the 
subjects selected for examination being various acids of typical con- 
stitution. 

Hydrogen dioxide has been employed as the oxidising agent in 
^quantities corresponding to one atom of oxygen, or less, per molecule 
of acid, and the experiments have been carried out at low tempera- 
tures (0° to 15°). Larger proportions of oxygen and higher tempera- 
tures will probably give rise to interesting modifications in the results, 
and these will be studied on a future occasion. The iron, which is 
always used in the ferrous condition, is generally added as a salt of 
the acid operated upon, but in some cases ferrous sulphate or acetate 
is employed. 

The following is a brief outline of the method employed in carrying 
out the initial experiments : 

I, The acid (1 mol.) was dissolved in, or in some cases mixed with, 
a small quantity of water, cooled ■ by ice, and hydrogen dioxide was 
added in proportion corresponding to about J at, of oxygen. 

II. The experiment was repeated under exactly similar conditions, 
but, with the previous addition of ferrous sulphate solution corre- 
sponding to I at. of iron, the dioxide being added in quantity corre- 
sponding to about J at. of oxygen in excess of that required to oxidise 
the iron. 

The mixtures were kept in ice and tested for free hydrogen dioxide 
after five minutes and again after thirty minutes, chromic acid or 
titanic acid being used for this purpose. 

With the following acids, strongly marked indipations of free 
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hydrogen dioxide were shown in both series of experiments even after 
30 minutes : acetic^ monooMoracetio, oxaliOf matoniCf succinic, dihromO’- 
succinic, fumaric, maleic* Considering the small proportion of dioxide 
employed, these acids may therefore be considered, at any rate for the 
present purpose, as inactive towards the reagent. 

In the case of formic, glycollic, lactic, glyceric, ta/tponic, ^-hydroxy- 
'butyric, twrtaric, malic, saccharic, mucic, pyrommic, acetylenedicmb- 
oxylic, acetonedicarhoxylic, dihydroxytartcmc, dihydroxymaleic, benzoic, 
and picric acids, however, a rapid (generally almost instantaneous) 
oxidation takes place in experiment II, that is, in the presence of 
the ferrous salt, all traces of the dioxide disappearing within five 
minutes, whereas in experiment I, where iron is absent, strongly 
marked indications of the dioxide remain after 30 minutes. Citric 
and p-iodopropionic acids behave similarly, but the oxidation in presence 
of iron is less rapid. 

Fyruvic acid alone appears to be immediately attacked by hydrogen 
dioxide, either with or without the presence of iron. 

In the case of nearly all of the above acids which are ‘ active * 
towards the reagent, the products appear to be of great interest, new 
substances being obtained or oxidations effected which are not possible 
by other means. The systematic study of these changes, although in 
some cases direct and simple, yet often, in others, presents peculiar 
difficulties owing to the unstable nature of the products.* It is evi- 
dent, therefore, that the complete investigation of tffiese prpdimt^ 
together wi^^ of several other acids whioh s 
wiU occupy a very considerable time, w it |s epnsidOTed desirable in 
the present communication to give an account of results which hav< 
been obtained up to the present date. 

Glycollic Acid, 

The pure crystallised acid (1 mol.) was dissolved in water, mixed 
with a small quantity of ferrous acetate (| at. or less of Fe), the 
mixture cooled by ice, and hydrogen dioxide (1 at. of oxygen) slowly 
added. On addition of phenylhydrazine acetate (1 mol.), a darh 
coloured precipitate is immediately formed, which soon turns orange- 
red and increases considerably in quantity on standing. This preci- 
pitate was washed, dried, and purified first by crystallisation from t 
mi:Sture of ether and light petroleum, and then from a smAli quAhtitj 
of hot ethyl acetate (a small quantity of light yellow, insoluble 
matter remains which appears to be ferrous oxalate). This produci 
cr^tailises in orange-yellow needles which melt and decompose a1 

♦ Gompare, for example, the identification and isolation of dihydroxymaleic aci< 
(Trana, 1894, §5, 399 ^ 
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137°^ and corresponds entirely with the hydrazone of glyoxylic acid, 
0H{lT2H*0gH5)’003Hi, which was prepared by Elbers from calcium 
glyoxylate {Annahn, lb85, 227, 341). 

0’2130 gave 31^7 o.c. nitrogen at 18® and 752 mm. IT = 17*30. 

C^HgOglTg requires N- 17’07 per cent. 

The yield of crude hydrazone is nearly equal to the weight of acid 
used. 

Lactic Acid. 

When this acid is oxidised in a similar manner, a very considerable 
evolution of heat occurs, and, in order to obtain the best results, it is 
necessary to add the oxidising agent very slowly, and to take especial 
care to keep the mixture cold] it was found advisable also to use 
only about one-half the calculated quantity of oxygen. The reason 
that these precautions are necessary is probably to be found in 
the great instability of the product towards hydrogen dioxide (see 
pyruvic acid). 

On adding phenylhydrazine acetate (1 mol. in proportion to the 
dioxide employed), a greenish or yellow precipitate of pyruvic acid 
hydrazone, CH3*C(lT2H*OgH5)*0O2H, is obtained, which, when washed 
with a little cold alcohol and recrystalliaed from hot alcohol, separates 
in the form [of long, pale yellow, transparent needles, w;hich, when 
quickly heated, melt at 192° 

0’2102 gave 29*1 o.c. nitrogen at 22° and 758*3 mm. N = 16*03. 

requires IT » 16*73 per cent, 

TarVronic Acid. 

This was prepared from dihydroxy tartaric acid in the manner 
previously described by one of the authors (Trans., 1898, 73, 72). The 
aqueous solution was mixed with ferrous sulphate (J at. Fe) and 
hydrogen dioxide corresponding to rather less than 1 at. of oxygen 
slowly added. On the addition of phenylhydrazine hydrochloride 
(1 mol. in proportion bo the oxygen employed) a bulky, brownish- 
yellowpreoipitateof mesoxalicacid hydrazone, C(002H)2*.N2lI*C^H5, was 
obtained. This, when recrystallised from hot alcohol, was obtained in 
long, transparent, pale yellow prisms, which melted at 170 — 171° 
when quickly heated.* The yield of hydrazone is nearly equal to 
the weight of acid oxidised. 

0*2342 gave 27*5 c.c. nitrogen at 30*6^ and 763 mm. N — 13*67. 

3^ == 13*46 per cent. 

■ ; * Ethers {loc; di.y 86^) gives the melting point of this hydAone as 163^^164% 
but Clemm 1808, 1451) found that, if quickly heated, it melts lit Jf A**, 
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The direct oxidation of tartronic to mesoxalio acid has not hitherto 
been effected, although of course the converse change is well known. 
It is possible that the process may be found advantageous for the 
preparation of mesoxalic acid, especially since tartronic acid is so 
easily obtained by the method above mentioned. 

Glyceric Acid. 

The pure acid, free from glycerol, was oxidised in the manner above 
described, the iron being added in the form of ferrous glycerate. The 
action is immediate, and but little heat is evolved. One mol. of 
hydrogen dioxide appears to be used up almost quantitatively since, on 
the addition of any further quantity, but not before, the free dioxide 
can be detected in the mixture. 

The resulting solution, when made alkaline with caustic soda, gives 
a beautiful molet colour, which is much intensified on the addition of 
ferric chloride. Treated with a mixture of alcohol and ether, the iron 
is nearly wholly precipitated, and the solution, on evaporation, leaves 
a thick syrup, which, when made alkaline, gives again the violet 
colour with ferric chloride. The substance, purified in this way, 
reduces ammoniacal silver nitrate, very slowly restores the colour to 
a rosaniline salt bleached by sulphurous acid, and gives precipitates 
with lead, barium, and silver salts. 

On adding phenylhydrazine acetate (1 mol.), a bulky, orange pre- 
cipitate is at once produced. The yield of crude substance 
dried) is about equal to the weight of acid oxidised. It Was purified 
by washing with a little cold benzene and recrystallising from hot 
benzene, from which it separates in aggregates of short prisms 
which melt at 203-— 206*^. These, on analysis, gave N « 19‘5 per cent. 
The specimen prepared in this way, however, was found to contain a 
trace of iron, so that for further analysis it was purified by the method 
mentioned below. 

On heating the substance with a strong solution of sodium carbon- 
ate, it dissolves to a yellow solution which dyes wool, iScc., a bright 
lemon-yellow colour. Beautiful, yellow glistening plates or needles 
separate as the solution cools, and these, when dried at 100°, melted 
at 235^237°. 

Oh decomposing this sodium compound with hot dilute hydrooMoric 
acid, the original substance separates as an orange precipitate Which, 
When recrystallised from hot benzene, melts at 207°. Dried at 100° 
it gave, on analysis^ the following results : 

0’1201 gave 0'2817 OOg and 0*0532 C = 63-96 ; H = 4’92. 
0'1295 „ 22*5 C.C. nitrogen at 19° and 760 mm. 20*37. 

requires 63*82 J H«*4-96 ^ 19*85 per cent, 
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Kastvogel 1888, 24B, 85) obtained a substance of tbis 

composition by acting upon dibromopyruvic acid (1 mol.) with phenyl- 
hydrazine (2 mols.). It formed orange crystals which melted at 
201 — 203°, and its properties exactly corresponded to those of the 
substance obtained in the present case. The sodium salt was obtained 
in a similar way, and melted at 231°. Erom its mode of formation 
and properties, he assigned to it the formula ' 

CH(N2H-CeH5)-C(Nr2H*0eH,)*0O2H, 

and termed it the osazone of glyoxal-carboxylic acid. 

Later, W. Will 1891, 24, 400) obtained this osazone in an 
entirely different way. He treated a solution of collodion-wool in 
alcoholic ether with a 10 per cent, solution of caustic soda for about 
24 hours at 20°, and obtained an acid which had reducing properties, 
and, with phenylhydrazine acetate, gave an osazone, melting at 205°, 
identical with the above. Analysis of the calcium, strontium, and 
other salts of the acid indicated the formula C3H4O4 for the latter, so 
that it must be either hydroxypyruvic acid, 0H2(0H)’C0*C02H, or 
the semi-aldehyde of tartronio acid, CHO*OH(OH)*C02H, either of 
which would, of course, give the osazone in question. From the facts 
that the acid is not oxidised by bromine, and that it is not altered by 
• heating with lime water or baryta w'ater, Will concluded that^ it is 
hydroxypyruvic acid. 

By acting upon an alcoholic solution of the osazone with hydrogen 
chloride, he obtained a substance crystallising in reddish-yellow 
needles and melting at 149°, which at first was considered to be the 
ethyl ester, but later (^oc. cii., 3831) was shown to be a pyrazolone 
.CO -NPh 

derivative, NHPh*NIC<s,Qjg-.^ ^ It is, in fact, identical with the 

phenylhydrazine ketophenylpyrazolone which Knorr obtained by heat- 
ing the osazone with acetic anhydride 1888, 21, 1201). 

In order further to confirm the identity of the osazone at present 
under consideration with that of Hastvogel and Will, it was converted 
into the pyrazolone by the method employed by the latter. The alcoholic 
solution of the osazone was saturated with dry hydrogen chloride, 
allowed to stand for some time, evaporated to dryness on a water-bath 
dissolved in dilute soda solution, filtered, and acidified with dilute 
sulphuric acid. The precipitated substance, on recrystallisation from 
alcohol, was obtained in beautiful orange needles melting at 148°, 

From these results, it is evident that the oxidation product of 
glyceric acid may be either (1) the semi-aldehyde of tartronic acid, (2) 
hydroxypyruvic acid, or (3) the semi-aldehyde of mesoxalic acid. ■ In 
order to throw further light upon the question,: a solution of the 
oxidised product, prepared from a known weight qf glyoer^b acid, was 
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mixed witli a quantity of bromine corresponding to more than 2 atomic 
proportions in excess of that required to oxidise the iron present* 
After standing for 24 hours at the ordinary temperature, with repeated 
shaking, the free bromine was removed by sulphurous acid, and sodium 
acetate and phenylhydrazine acetate added. The resulting precipitate 
was found to be identical in every respect with that originally obtained, 
and the yield was but little diminished. Further experiments were 
made, using a considerably larger excess of bromine, and also allowing 
the mixture to stand for over a fortnight, but in all cases the result- 
ing liquid gave strong evidence of the presence of the original sub- 
stance, an intense violet colour being obtained on testing the mixture 
with ferric chloride and alkali after removal of the free bromine. It 
appears therefore that the substance is incapable of oxidation by 
bromine, in presence of water, at the ordinary temperature. Heated 
with bromine on a water-bath for several hours, the substance is slowly 
oxidised ; the resulting product has not been fully examined, but 
appears to be neither tartronic nor mesoxalic acid. 

With excessof freshly precipitated silver oxide, again, very little oxida- 
tionresults attheordinary temperature, the mixture, even after standing 
for some days and subsequent removal of the silver, showing a strong 
reaction with ferric chloride and giving the sameosazone with phenyl- 
hydrazine. When heated for some time at about 40°, the oxidation 
proceeds more quickly, but the product, after removal of silver, 
appears to be only oxalic acid. A copious precipitate of phenyh 
hydrcfaine oxalate is obtained on adding the acetate, wl^ereaS the 
hydrochloride gives only a slight precipitate resembUng the original 
osazone. 

If the original solution (containing iron) is mixed with a large 
excess of baryta water, the violet precipitate which is formed remains 
permanent, even on heating for two or three hours on a water-bath. 

These facts afford fairly strong evidence that the oxidation product 
is not aldehydioj and consequently that the acid under consideration 
is hydroxypyrmic add. The ahmnce of the other two acids in 
minute quantity is of course not absolutely certain, since small traces 
of tartronic or mesoxalic acids might not be detected in the products 
mentioned. 

The properties of the substance coincide in fact very closely with 
those of the acid obtained by Will from collodion. In Will’s papers, 
however, no motion is made of the remarkable colour reaction with 
f^ric chloride, which is certainly the most striking property of the 
piresent substance. This colour reaction is very similar t6 that pro** 
duead; by dihydroxymaieic acid, and the authors were at first inclined 
to believe that the product might be dihydroxyacrylic aci^ 
OH(OH)*O(OHVCOJ0[, which would be formed from fflvceric acid bv 
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removal of j two non-hydroxylic hydrogen atoms (compare Proo., 1898, 
14 , 119). It is of course possible that this may represent the initial 
reaction and that the product afterwards undergoes tautomeric change, 
becoming hydroxy pyruvic acid. 

Malic Acid, 

On addition of hydrogen dioxide to a solution of this acid contain- 
ing a little ferrous salt, the colour of the liquid immediately becomes 
deep red, much heat is evolved, and carbon dioxide is given off. If, 
however, the solution is carefully cooled by a freezing mixture and the 
hydrogen dioxide added very slowly, the action proceeds without any 
appreciable evolution of gas. In the following experiments, the acid 
was dissolved in very little water and the required quantity of iron 
( ferrvm rcdacVum about ^ at.) dissolved in the liquid.^ The hydro* 
gen dioxide was used in quantity representing rather less than 1 at. 
of oxygen. 

On adding phenylhydrazine acetate (1 mol. in proportion to the 
oxygen employed) to the resulting liquid, a very copious, bright, orange- 
yellow precipitate is formed immediately. The yield of this precipitate 
(air dried) considerably exceeds the weight of acid oxidised. This 
substance dissolves sparingly in most cold solvents, but fairly easily 
in hot alcohol, bemiehe, or chloroform. It may be crystallised from 
any of these: solvents, but the last appears to give the best result. 
It is thus obtained in brilliant, long, orange-yellow prisms belonging 
to the prismatic system, and melting at 217 — 219°. 

Distinct specimens prepared on different occasions, and all melting 
within the above range of temperature, gave the following results on 
analysis : 

t. 0«63-30. H = 6-17. 3Sr = 20’10. 

II. 0-63*35. H-5*47. N-20-21. 

III. 0-62*87. H-4*95. N-20*07. 

IT. 0-63*31. H-5-12. N-20*26. 

Assuming that the product is derived from an acid containing four 
carbon atoms these numbers correspond best with those required for a 
derivative of dihydroxytartaric acid or of dihydroxymaleic (or isomeric) 
acid. 

O^HgOg + SHaHgOeHg ^ requires 0 - 63*46 ; H « 4*80 ; N - 20*1 9 

+ „ 0-63T6; H-6*26 3 N-20*09 

It will be shown in the following communication (p. 81) that this sub- 
stance is the result of further action of the oxidising agent upon the 
product which is first formed. It was evident, in fact, that the action 

♦ It is now found, however, that the addition of ferr<)us eulflmte; 
answers equally well. 
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of pHenylhydrazine does not in tMs case afford direct evidence as to 
bhe nature of the reaction under investigation, and the problem was 
therefore attacked in a different manner. The experiments which 
were made resulted in the isolation of oooalacetic acidf and from the 
special interest which attaches to this substance, the authors have 
thought it advisable to give an account of this part of the investigation 
in a separate paper. 

The following acids have been only superficially examined : 

Mueie Sbud Saccharic Acids, when oxidised in the above manner, 
yield products which give brown precipitates with phenylhydrazine 
acetate, and when made alkaline with caustic soda give deep red’* 
violet colours, which are intensified by the addition of ferric chloride. 
If the action is analogous to that of tartaric acid, it is evident that 
these products maybe of much interest. They are very unstable, 
however, and it will doubtless be a matter of some difficulty to isolate 
them. 

Pyromucic Acid turns an intense but transient violet colour, and 
picric acid gives an intense green colour ; both products react with 
phenylhydrazine. 

Aeetyhmdicarhoxylic Acid is immediately attacked in presence of 
iron— the solution becoming dark brown. The solution now gives an 
immediate precipitate with phenylhydrazine, which is quite different 
from the precipitate slowly formed with the original acid. 

Acctomdicarhoxylic Add.—HM,^ is similarly oxidised when iron is 
present, the change taking place rather more slowly than in the pre- 
ceding cases. The fproduct gives an intense purple colour with 
alkalis, which is intensified bn addition of ferric chloride. This 
colour is quite distinct from that given by the original acid with ferric 
chloride, which is destroyed by alkalis. 

Bmzoic Acid is immediately oxidised, the result giving a violet 
colour with ferric salts, presumably due to the formation of salicylic 
acid. 

It is the intention of the authors to make a complete study of 
these products, and to extend the observations to a large number of 
other acids. It is evident that several general conclusions might 
already be suggested by the foregoing results, but it is considered 
preferable to defer such considerations until the investigation is 
completed. 

Part of the expenditure which has been incurred in carrying out 
this research has been defrayed by funds kindly placed at the dis- 
]^sal of one of the authors by the Government Grant Committee of 
the Boyal Society, 
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VIIL — Oxalacetic Acid. 

By Hbney J. Hobstman Fenton, M.A., F.E.S., and H. 0* Jones, 

B.A., B.Sc. 

In the preceding communication, it is shown that malic acid is very 
energetically oxidised by hydrogen dioxide in .presence of ferrous iron* 
The oxidation is attended with considerable evolution of heat, and 
unless special precautions are taken to keep the temperature low, 
carbon dioxide is evolved and pyruvic acid is found in the liquid. 

On shaking up the original oxidised mixture with ether, scarcely 
anything could be extracted, and the addition of salt, sodium sulphate, 
did not much improve the result. In the initial experiments, 
which were made in studying the oxidation product of tartaric acid 
(Trans., 1894, 65, 901), it was shown that the addition of strong 
sulphuric acid to the mixture greatly increased the yield on extraction 
with ether, and in the present instance the same is found to be the 
case. By adding slowly about one-tenth its volume of strong sulphuric 
acid to the oxidised mixture, with careful cooling, and repeatedly shak- 
ing with ether, a considerable quantity of substance can be ^tracted. 

In the first experiments, no special care was taken to keep the mix- 
ture well cooled during oxidation and during the addition of sulphuric 
acid* In this case, the ether extract, on evaporation, gave a syrupy 
residue with a small quantity of a white, crystalline substance, The 
syrupy portion, when dissolved in water, gave immediately a white 
precipitate with phenylhydrazine acetate which, when recrystallised 
from alcohol, melted at 192°, and had all the characters of jpyrmic 
add hydrazone. 

01494 gave 20*9 c.c. nitrogen at 26° and 749*4 mm. N « 15*85. 

requires N = 15*73 per cent. 

It Was afterwards found that if great precautions are taken to pre* 
vent rise of temperature during the operations referred to, the ether ex- 
tract, when concentrated to a small bulk, deposits the white, crystalline 
substance in considerable quantity, and> on further evaporation, usually 
solidifies to a white mass. 

The method of proceeding is as follows ; Malic acid (1 mol.) is dis- 
solved in the least possible quantity of water, and a ferrous salt is 
added in quantity corresponding to about -J at., or less, of iron. The 
nature of the ferrous salt is immaterial, and the sulphate, acetate, or 
malate may be employed. The mixture is copied by ice and salt until 
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it begins to freeze, and hydrogen dioxide (20-volume strength*), cooled 
in a similar way, is added in very small quantities at a time with care* 
ful mixing, in proportion amounting to nearly 1 at, of oxygen. -The 
liquid assumes an intense blood-red colour as soon as the first few 
drops of the dioxide have been added* The solutionis now mixed 
with about one-tenth of its volume of strong sulphuric acidj great 
precautions being taken, as before, to prevent the temperature from 
rising more than a few degrees, and is repeatedly extracted with ether. 
The ethereal solution gives an intense blood-red colour with ferric 
chloride, so that the progress of the extraction, is easily tested ; even 
after 25 extractions, a further yield may be obtained. 

The ethereal extract is concentrated to a small bulk and the residual 
solution, on cooling, begins to deposit the white, Jcrystalline acid, the 
quantity being much increased on stirring. It is kept in a desiccator, 
partially exhausted, until the whole has solidified, and is then quickly 
washed three or four times with cold water, draining well each time 
with the aid of a pump. The yield of pure substance is about 22 per 
cent, of the acid oxidised. 

Properties , — The substance separates from its solution in ether, 
acetone, or water, in white, crystalline aggregates which dissolve very 
slowly in cold water and easily, but with decomposition, in hot water. 
It is rather more soluble in ether, easily soluble in alcohol or acetone, 
and scarcely soluble in chloroform or benzene. 

It crystallises from a mixture of acetone and benzene in blade-like 
crystals belonging to the prismatic system, and has a great, tendency 
to form close -aggregates. The aqueous solution gives an intense blood- 
red colour with ferric salts, which is scarcely affected by dilute mineral 
acids. 

Heated in a capillary tube, it melts with sudden decomposition at 
176—180°. Analysis of the substance dried in a vacuum desiccator 
gave the following result : 

0;1766 gave 0*2361 OOg and 0-0488 H^Q. 0*36*46; H*3*07. 

G4H4O5 requmes 0*36-36 ; H*3’03 per cent. 

Owing to its sparingly solubility in appropriate solvents, and to its in- 
stability at high temperatures, the molecular weight could not well be 
determined by the freezing or boiling point methods. It will be shown, 
however, that the methyl ester dissolves easily in acetic acid, so tha<j 
the value is easily determined in that case. 

. Titro^icm with Alhalis , — ^The acid was dissolved in cold water and 

* In later experiments, the dioxide has been allowed partially to freeze until the 
strength of the liquid portion is about doubled, and this prooeidure is found to be 
very advantageous, owing to the smaller quantity of water introduced* 



79 


S‘ENTON AND JONES : OXALACETIC ACID. 

titrated with pure caustic soda solution containing 0*01507 Na per c.c., 
prepared from metallic sodium. Phenolphthalein was used as indicator, 
and special precautions were taken to exclude carbon dioxide. 

0*5188 required 11*85 c.c. soda solution for neutralisation, the 
calculated amount for a dibasic acid of the jformula being 

11*99 c.c. 

After boiling the aqueous solution for a few minutes, carbon dioxide 
is evolved and the neutralising power is nearly halved, thus 0*6097 
grain of the substance was heated for 5 minutes and then required 8*2 
c.c. of the alkali, the calculated amount being 7*0 c.c. After heating 
for half an hour, a nearly similar result was obtained. On acidifying 
the resulting solution with acetic acid and adding phenylhydrazine acet^ 
ate, a nearly white, crystalline precipitate was obtained which melted 
at 192°, and had all the other characters of pyrumc acid hyd/razom. 

BaHwm Salt—A, solution of the acid was exactly neutralised with 
pure soda and ah excess of barium chloride added. The resulting 
white precipitate was well washed and dried in a vacuum desiccator* 

0*4780 gave 0*3677 BaSO^. Ba = 46-23. 

04H205Ba4* 2H20 requires Ba^r 46*21 per cent. 

This saltj when treated with ferric chloride, gives a deep^ brick-red : 
colour. 

Calcium, strontium, lead, and silver salts, similarly, give white pre* 
cipitates, the silver salt being quickly reduced on heating. 

Methyl eater, 02H20(0020H3)2. — ^This was obtained by dissolving 
the acid in methyl alcohol, cooling the solution] by ice, and partially 
saturating with dry hydrogen chloride. After the mixture had re- 
mained for about 24 hours, it was allowed to evaporate over solid 
potash and sulphuric acid, and the resulting solid crystalline mass 
well washed with cold water, in which it is scarcely soluble, then with 
a little cold methyl alcohol, and was finally recrystallised from hot 
methyl alcohol. It is thus obtained in beautiful, transparent, oblique 
prisihs which melt at 77° 

The following results were obtained on analysing the substance 
dried in a vacuum desiccator : 

i. 0*1418 gave 0*2334 003 and 0-0607 HgO. G « 44*89 5 H- 4*75* 
IL 0*1571 „ 0*2698 003 ,, 0*0712 HgO. 0*46*10; 

O^HgOg requires 0 * 46 *00 j H *= 6-00 per cent. 

Three molecular weight determinations by the freezing point 
method in the same quantity of acetic acid gave the following numbers, 
th^ caleuiated molecular weight being 160 I r c 
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Solvent, 

Substance. 

Depiession. 

Mol. weight. 

I 

13*90 

0-1290 

0-243 

148-9 

11. 


0-2908 

0-632 

163-3 

im. 

— - 

0-4038 

0-763 

160-6 


The alcoholic solution of this ester giyes the deep red colour with 
ferric chloride. * 

The analysis, molecular weight, melting point, and other properties 
show that this substance is identical in every way with methyl oml- 
acetate^ which was obtained by Wislicenus from the action of sodium 
on a mixture of oxalic and acetic esters, the melting point of which is 
given as 74 — 76°. 

Action oj Fhenylhydmzine on the Acid, 

When the acid (1 mol.) is dissolved in a little cold water and mixed 
with phenylhydrazine acetate (1 mol.), the solution at first remains 
clear, but after standing for some minutes it gives, on stirring, a pale, 
straw-coloured, crystalline precipitate of the kydmzone of oxalaoetic 
acid^ which is seen under'the micro- 

scope to consist of transparent, oblique prisms. This product is nearly 
pure, giving, on analysis, iN" * 12*14 per cent. After recrystallisation 
from cold, dry ether, however, the crystals are lustrous and perfectly 
colourless. After drying in a vacuum desiccator, they yielded the 
Jollowing results on analysis : 

0*1232 gave 0*2422 OOg and 0*0499 HgO. 0 «53*61 ; 4*50. 

0*1841 „ 19*8 c.c. nitrogen at 17° and 767 mm. 12*49. 

O 1 QHJQO 4 N 2 requires C =» 54*05 ; H « 4*50 ; N == 12*6 1 per cent. 

The pure substance, when slowly heated, turns yellow, and without 
melting shows signs of ' decomposition at 95 — 100°; if suddenly 
heated to a little above 100 °, the decomposition is violent. The 
yellow product of decomposition, however, melts at 182 — 183°. 

This hydrazone dissolves in concentrated sulphuric acid with a 
deep red colour, and on addition of ferric chloride to the solution 
a fine purple colour is produced. It resembles in this respect the 
hydrazone of the methyl ester. 

Wislicenus 1886, 19, 3225) and Buchner {Ber,, 1889, 22, 

2929) have shown that the hydrazones of ethyl and methyl oxab 
’acefettes when acted on by dilute alkalis or acids, lose the re- 
spective alcohol and water, giving rise to a sparingly soluble acid 
having the formula 0 ^ 03303 ^ 2 , which begins to decompose without 
mdlting at 240 — 250°, and melts at 263°. This substance is shown 
to be l-phenyl-6-pyrazolone-3-monocarboxylic acid. This acid gave a 
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red colour 'with nitric acid, a scarlet with nitrous acid, and a dark blue 
with ferric chloride in hot aqueous solution. 

It was considered probable therefore that the hydrazone at present 
under consideration might behave in a similar way, and such is found 
to be the case. On heating the original pale yellow substance with 
dilute sulphuric acid, it is changed in a few minutes into a voluminous, 
white, crystalline magma, which dissolves sparingly in boiling water, 
and separates on cooling in beautiful, transparent needles. On heat- 
ing, these turned yellow and showed signs of decomposition at about 
243°, and completely melted at about 260°. For analysis, the sub- 
stance was dried at 100°. 

0*1804 gave 21*2 c.c. nitrogen at 18*5° and 764 mm. N = 13*88. 

CjQHgOgN'g requires 1T= 13*72 per cent. 

The colour reactions of this product coincided exactly with those 
mentioned above, and in fact it is identical in every respect with the 
acid obtained by these authors. 

Action of Fhenylhydrazine on the Methyl Ester, 

The ester (1 mol.) was dissolved in methyl alcohol and mixed with 
phenylhydrazine acetate (1 mol.) ^ the clear mixture, on standing in a 
desiccator over potash and sulphuric acid, soon deposited brilliant, 
colourless, transparent plates, which, when recrystaUised from methyl 
alcohol, melted at 117°. 

Buchner (he, cit,), by the action of phenylhydrazine on methyl 
acetylenedicarboxylate, obtained the hydrazone of methyl oxalacetate : 

(OOgCHg)^ N-NHOgHg ^ (C020H3)C:iT-NHCeH:5 

(C020Hs)0 ~ (C02CH3)6H2 

The product which he obtained melted at 118°, and the properties 
correspond exactly with those of the compound obtained in the 
present instance. 

Oosidation oj the Acid in •presence of Jron, 

It was pointed out in the preceding communication (p. 76) that 
the product obtained by oxidising malic acid in presence of iron 
gave, with phenylhydrazine acetate, a bright orange precipitate which 
crystallised from hot chloroform in prisms, and melted at 217—219° 
The composition of this compound does not correspond with that of a 
direct derivative of oxalacetic acid, but of a more oxidised product. 

It appeared possible that this was the result of oxidation of a 
neighbouring group by the phenylhydrazine, but such does nbt appear 
to be the case,' since no such substance can be obtained by the action 
YOB, b:^xvii, o 
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of excess of the reagent on pure oxalacetic acid, Probably, there* 
fore, the oxidation is due to the hydrogen dioxide, a portion of the 
oxalacetic acid being further oxidised. Although only the calculated 
quantity of oxygen, or less, was added, it is of course possible that the 
product may be attacked as readily as the malic acid. In order to 
test this hypothesis, pure oxalacetic acid (1 mol.) was mixed with a 
little ferrous sulphate, and hydrogen dioxide (1 mol.) added under the 
conditions previously mentioned. On now adding phenylhydrazine 
acetate (1 mol.), an orange precipitate was obtained ‘exactly similar to 
that orginally obtained from the malic acid oxidation, which, when 
recrystallised from chloroform, melted at 219°. Heated with sodium 
carbonate solution, it gave a crystalline sodium salb, and in fact showed 
exact similarity in every respect. 

The orange compound obtained from malic acid on different occa- 
sions was remarkably constant in composition and melting point, 
whereas at first sight it might be supposed, on the above explanation, 
that it should be mixed with variable quantities of the hydrazone of 
oxalacetic acid. The latter compound, however, does not begin to 
separate for several minutes, or in dilute solutions for over half an 
hour, whereas the orange compound comes down immediately j the 
hydrazone, moreover, cannot be recrysfcallised from hot solvents, and 
would consequently be easily separated by the treatment described. 

The nature of this further oxidation product has yet to be in- 
vestigated. It gives a brownish-violet colour with ferric salts in 
alkaline solution, and the authors are inclined to conjecture that it 
may be the isomeric form of dihydroxymaleic acid, namely, 
C02H-GH(OH)-GO-002H, 

OxidoMon of the Acid hy Bromine, 

When the acid (1 mol.) is mixed with glacial acetic acid and 
treated with dry bromine (1 mol.), the colour of the latter quickly 
disappears, and, after a short time, fumes of hydrogen bromide are 
evolved. A similar result is obtained by using water in place of 
acetic acid. The product in either case, when mixed with excess of 
caustic soda, gives an intense riolet with ferric chloride, exactly 
resembling that produced by dihydroxymaleic acid with the same 
reagents. The authors have reasons, however, for thinking that this 
product is isomeric and not identical with the latter acid, and very 
probably it is identical with the product obtained in the previous 
experiment by oxidation with hydrogen dioxide. A further study of 
this reaction is in progress. 

From the foregoing results, it is evident that the oxidation product 
of maleic acid described above is free oxalacetk acid. Whether this 
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acid is to be regarded as COgH-OO’CHg’OOgH, or as the tautomeric 
hydroxyf umaric acid, COgH* G(OH)ICH* COgH, is, of course, a problem 
similar to the much discussed question of the constitution of ethyl 
acetoacetate. Either formula would equally well explain its forma- 
tion in the present case, and the reaction with phenylhydrazine, 
although lending support to the ketonic formula, is of course not 
conclusive. 

Nef {Annalen^ 1893, 278, 230) by the hydrolysis of ethyl ethoxy- 
fumarate, obtained an acid corresponding approximately in composi- 
tion to that required for the formula it melted at 172°, gave 

a dark red colour with ferric chloride, and when treated with phenyl- 
hydrazine hydrochloride, gave the phenylpyrazolonecarboxylic acid 
above mentioned. This acid appears to be hydroxyfumaric acid, but 
since it was not obtained in a pure state a strict comparison with the 
present add cannot be made ; the two acids may be identical or may 
represent the tautomeric (desmotropic) forms. 

Michael and Bucher {Ber., 1895, 28, 2511; 1896, 29, 1792) state 
that oxalacetic acid is obtained by the action of water on acetoxy- 
maleic anhydride, and by acting with hydrochloric acid in the cold 
upon ethyl oxalacetate, unsymmetrical ethyl die thoxy succinate, &c. 
There are only the bare statements, however ; no details, analyses, or 
description of the acid are given- 

Many interesting reactions of the acid suggest themselves, and 
these the authors hope shortly to investigate. 


IX . — Determination of the Constitution of Fatty Acids. 

Part IL 

Bj Arthur William Crosslby and Henry Rondel Lb Sueur. 

In the first part of this research (Trans., 1899, 75, 163), it was 
stated that among the acids then examined none contained alkyl 
groups in the a-position, and as in such a case a new point of con- 
siderable interest is raised, we decided to prepare an acid of this type 
andsubmititto the process there described. The acid selected was ethyl- 
isopropylaoetic acid [a-isopropylbutyric acid], 05 H 5 *OH( 03 H. 7 )' 002 H, 
which wo have succeeded in preparing in large quantities from ethyl 
malonate. As the preparation is attended ^th many difficulties, we 
give full details of our experiments. 

Ethyl cyanpacetate has recently been used in synthetical work ih- 
sti^d of pthyl malonate, with marked success ; we have also prepaf^ed 
ethylisopropylacetic acid from this substance as a starting point, but 

'■ 0-2 
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the method is not to be recommended, as the yield of pure acid is not 
nearly so good as when ethyl malonate is employed. 

Following the usual course of procedure when two alkyl groups 
have to be introduced into ethyl malonate, we first attempted to intro- 
duce the heavier isopropyl group and then the ethyl group, but after 
a long series of preliminary experiments, of which it is not necessary 
to give the details, we found that the yield of ethyl ethylisopropyl- 
malonate so obtained was, relatively speaking, very small ; it could, 
however, be increased to 76 per cent, of the theoretical by reversing 
the order of introduction of the alkyl groups, but even then the 
introduction of the isopropyl group is not an easy matter, the most 
satisfactory conditions being the following. After treating ethyl 
ethylmalonate with the calculated quantities of sodium and isopropyl 
iodide, the portion of the resulting liquid boiling below 230® (ethyl 
ethylisopropylmalonate boils at 230 — 235°) was again treated with 
sodium and isopropyl iodide (see page 90), by which means the yield 
of pure disubstituted ethyl malonate was increased from 46 to 75 
per cent, of the theoretical. 

The liquid resulting from the hydrolysis of ethyl ethylisopropyl- 
malonate separates on distillation into two main fractions, one boil- 
ing at 202 — 205° (consisting of pure ethylisopropylacetic acid) and 
the other at about 165 — 175°. We were at first much puzzled to 
account for the presence of this liquid of lower boiling point, which 
had not the characteristic odour of a fatty acid, but smelt more like 
an ester. On consulting the literature of the subject, we found that 
Paal and Hoffmann (J5er., 1890, 23, 1497) noticed that when diethyl 
isoainylmalonate is hydrolysed with alcoholic potash, there is formed, 
besides the corresponding malonie acid, a considerable quantity of ethyl 


hydrogen isoamylmalonate^CgH^ 3 ^'CH<CQQ 2 ^jj^ , which on distillation 

loses carbon dioxide with production of ethyl isoamylacetate, 
OgHjj^'Cfig-COgOgHg. A similar series of reactions appears to take 
place in the above instance; the hydrolysis of diefchyl ethylisopropyl- 
naalonate gives rise toethylisopropylmalonic acidjOgHg- C(C 3 lI^)(C 02 H) 2 , 
and ethyl hydrogen ethylisopropylmalonate. 

On distillation, both these substances lose carbon dioxide, with the 
production of ethylisopropylacetic acid and its ethyl ester. The latter 
constitutes the fraction boiling at 165 — 175°, as was proved both by 
preparing a sp^men of pure ethyl ethylisopropylacetate, which was 
found to boil at 164 — 166°, and by hydrolysing the fraction boiling 
at 165 — 175°, when it yielded pure ethylisopropylacetic acid. 

We were in all cases obliged to resort to this process of double 
hydrolysis, for no matter whether we employed 4 or 6 mols. of potass- 
ium hydroxide, we always obtained considerable quantities of thq 
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fraction boiling at 165 — 175°, even when the heating was continued 
for 16 hours. 

The derivatives of ethylisopropylacetic acid, prepared for the pur- 
pose of characterisation, arQ described in detail in the experimental 
part of this paper. It is interesting to note that the melting point 
of the amide is as high as 134°, for Burrows and Bentley (Trans., 
1895, 67, 511) found that the amide of a similarly constituted and 
isomeric fatty acid (methylisobutylacetic acid) melted at 90°, which, 
as they remark, is a very low melting point for an amide of a higher 
fatty acid. 

On comparing the physical constants and chemical properties of 
ethylisopropylacetic and methylisobutylacetic acids, the need of some 
accurate method for the determination of the constitution of such 
compounds is well brought out. 


Methylisobutylacetic Ethylisopropylacetic 

acid, acid, 

CH3-CH(C4H»)-C02H. G 2 H 5 -jCH(CsHv)-C 03 H. 

Acid B. p. 204-^205° B. p. 202—203° 

Ethyl ester „ 165—^166 „ 164 — 165 

Chloride „ 162—153 „ 150—163 

Anilide ......... M.p. 110—111 M. p. 114—115 

Ainide.. . * r • . i. . « . . ^0 " ,, 1S4*~-134’5 


. Paratoluidide... „ 86 „ 122—123 

It will be noticed that the boiling points or melting points of the 
isomeric derivatives are almost identical, except in the case of the 
amides and paratoluidides, two derivatives which are not, as a rule, 
employed for the characterisation of fatty acids, but which, in view 
of the above, would appear to be worth more general investigation 
and use. 

In applying our method to ethylisopropylacetic acid, we first con- 
verted it into the ethyl ester of the corresponding a-bromo-acid, which 
was then treated with diethylaniline (see p. 95). From a glance at 
the formula of ethyl a-bromo-ethylisopropylacetate, it is evident that 
the elimination of hydrogen bromide may take place in two ways : 

OBr-OOgEt (0H3)20:C.C02Et (0H3)2CH^0-002Et 

CBt^ 6 h 2 or CH 

CHb teg 6Hs 

Ethyl j3j8-diiaethyl-«- ^ Ethyl e-methyl-a-iso- 
ethylacrylate. propylacrylate. 

and from oxidation experiments we conclude that both reactions 
occur. It appears, however, that the greater portion of the resulting 
unsaturated ester is ethyl ^^-dimethyl-a-ethylacrylate, that is to s*ty, 
the hydrogen atom of a CH group is more easily removed, along 
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with the bromine atom, than one of the hydrogen atoms of a OHg 
group. Diethylaniline therefore seems to exert a certain selective 
action in such cases, a point ou which we hope shortly to furnish 
more definite information. 

That the course of the reaction would be twofold was to be expected 
from experiments which have been described by W. H. Perkin, jun. 
(Trans., 1896, 69, 1466, 1490), who has shown that when ethyl 
a-bromomethylisopropylacetate is treated with quinoline or alcoholic 
potash a mixture of ethyl trimethylacrylate and ethyl isopropyiacryl- 
ate is obtained. 

(CH3)2CH-CBr-C02Et (0H3)20:C-002Et (CH8)2CH-C*G02Et 

CHj HHsj. 

Unfortunately, no definite information is given as to the amounts 
of the ethyl esters produced, but it is shown that ethyl trimethacryl- 
ate does not react with the sodium compound of ethyl malonate, 
whereas ethyl isopropylacrylate does, and calculating from the experi- 
mental data given, it would appear as if the original mixture of 
unsaturated ethyl salts consisted of approximately 70 per cent, of the 
former with 30 per cent, of the latter, thus pointing to the fact that 
in this case also the hydrogen atom of the CH group is the more 
readily eliminated. 

When the mixture of acids resulting from the hydrolysis of the 
unsaturated ethyl esters is oxidised first with pota^um permanga^te 
and then with a mixture of potasmum diehrimateand dilute 
adld^ aceth a<nd, prc^mmc ao^, and obtained, 

as was to be expected, ^jMimethyl^-ethylacrylie acid *jgiving rise 
to acetone and propionic acid, and ^-methyl-a-isopropylacrylic acid to 
acetic and isobutyric acids by rupture of the double linking. 

When 25 grams of the acids were oxidised, we obtained, in separate 
ex^riments, 1’96, 1’84, and 2’07 grams of acetone. In the first two 
instances, the acetone was estimated by the iodoform method, and in 
the third by precipitation of the jp-bromophenylhydrazone. We 
thought at first that by determining {he amount of acetone produced 
we should get some idea of the proportion of the two unsaturated 
acids present, but from what follows it will be evident that no such 
information can be gathered from this experiment. Unfortunately, 
it is also impossible to accurately estimate the amounts of the various 
fatty acids produced, but acetic acid is obtained in largest quantity, 
propionic acid next, and but very little isobutyric acid. Had no side 
issues to be considered, the amount of propionic acid should be propor- 
tional to the amount of acetone, and the amount of acetic acid pro- 
portional to that of isobutyric acid, but in neither case does this 
hold good, there being much less acetone than would correspond to 
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the amount of propionic acid, and much more acetic acid than would 
correspond to that of isobutyric acid. 

The explanation of this is not difficult to find, for we have satisfied 
ourselves that, under the conditions employed, both acetone and 
isobutyric acid are further oxidised, and thus confirm the statements 
of Schmidt 1874, 7, 1363) and Hercz {Annalen, 1877, 186, 268). 
Supposing, then, that acetone and isobutyric acid are formed in our 
experiments as primary oxidation products, they would immediately 
encounter an excess of oxidising agent, and consequently would both 
be largely converted into acetic acid, a fact which would account for 
the relatively large amount of this acid and for the small amounts of 
acetone and isobutyric acid which we find. In order to make our 
experiments more complete and also to supply supplementary evidence, 
we are at present investigating more closely the question of the 
oxidation of the lower fatty acids. 

Applying the results of our experiments to the determination of 
the constitution of the acid in question, which for the moment we 
may presume to be of unknown structure, the argument would be as 
follows. 

Analysis gives the molecular formula C 7 H 14 O 2 , and as the acid is 
capable of bromination by Yolhard’s method, the bromine atom must 
ocscupy the a-position. By eliminating this bromine atom together 
with a neighbouring hydrogen atom, an unsaturated substance is 
formed, whence it follows that, in the latter, the double bond is 
between the a- and )S-carbon atoms, and that the carbon atom of the 
CO or COgH group of any ketone or acid produced from this un- 
saturated substance by oxidation at the double bond must also have 
occupied either the a- or / 3 -position in the original acid. 

In the case under investigation, we find acetone as one oxidation 
product, therefore the carbon atom of the ketonic group must have 
occupied either the a- or ^-position in the unsaturated acid. A con- 
sideration of these alternatives leads to the following results: 

( 1 ) Occurrmce in the p‘position,—lt follows from what has just been 
said that the correct grouping of five of the seven carbon atoms is 
(dH 8 ) 20 I 0 * 002 'E[. Only two carbon atoms are not accounted for, and 
€ts there is but one unsatisfied bond, these must be attached as an 
ethyl group, so we get 

(oh3),o:c.oo,h 

CgHg C2HJ 

as the formulae of the unsaturated and saturated (ethylisopropylacetic) 
acids. The unsaturated acid, on oxidation, would give acetone and 
^opionip acid, both of which we have been able to identify. y 

(2) Ocmrrmee in the a^podtion , — We should then have the following 
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CH 

grouping, Qjg-'’*^0*C02H, which, as it necessitates the acceptance of a 

quinquevalent carbon atom, may be at once dismissed. 

It might, however, be urged that all the acetone comes from the 
further oxidation of isobutyric acid. Then, arguing on the same 
lines as above, we may first place the carbon atom of the OOgH group in 
isobutyric acid in the yS-position, and obtain the following grouping for 
six out of the seven carbon atoms : 

(CH3)20H-CH:0*C02H leading to (0H3)20H-CH:(p*C02H 

CH3 

for the unsaturated acid : an acid which would give acetic and isobutyric 
acids, together with acetone from the latter on oxidation, but from 
which it would be impossible to obtain propionic acid. 

If the carbon atom of the COgH group is placed in the a-position, 
we obtain the formulae 


(CH3)30H-(^-C03H (OH 3 ) 30 H-CH-C 03 H 

CH-OHg 63H3 

for the unsaturated and the saturated acids. The former would give • 
acetic and isobutyric acids on oxidation, whilst the latter is ethyliso- 
propylacetic acid, from which acetone and propionic acid can be ob- 
tained as already shown (p. 87), 

We conclude therefore that ; V - 

(1) With an acid of the type of ethylisoprppylacetiq acid, ourme&od 
works just as well as in the cases previously examined {loc, ciL). 

(2) The elimination of hydrogen bromide from the ester of the 
corresponding broiiio-acid takes place in two ways (p. 85). 

(3) Acetone and propionic acid result from the oxidation of 
methyl-a-ethylacrylic acid, and acetic and isobutyric acids from the 
oxidation of jS-methyW-isopropylacrylic acid. 

Per the general application of this method, all fatty acids may be 
divided into four groups : 

Group I.— Those containing two hydrogen atoms in the a-position, 
and either one or two in the yS-position. 

,The theoretical considerations connected with acids of this type 
have already been given (Crossley and Le Sueur, Trans., 1899, 75, 
161), and the process has been carried out with valeric, isovaleric, and 
isobutylacetic acids. In all three cases, the method works well. 

Group IT. — ^Those containing only one hydrogen atom in the 
a-]^sition, and either one or two in the ^-position. 

The present communication gives the theoretical considerations and 
a practical illustration of the method as applied to an acid of this 
type. Ethylisopropylacetic acid is a particularly good example, be- 
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cause it contains only one a-bydrogen atom, but two ^-carbon atoms, to 
one of which there is attached one hydrogen atom, and to the other 
two hydrogen atoms. 

Group III. — Those containing no hydrogen atoms in the a-position. 

With an acid of the constitution ORg’COgH, our method cannot 
be employed, for it is well known that, unless an acid contains an 
a- hydrogen atom, it cannot be brominated by Yolhard’s method, as 
the molecule breaks up under these conditions (compare Reformatzky, 
1890, 23, 1594; Auwers and Bernhardi, Ber.^ 1891, 24, 2210). 
There are, however, so few acids of this type, that, given a fatty acid 
incapable of being brominated by Yolhard's method, without decom- 
position, this in itself would be strong evidence as to its constitution. 

Group lY. — ^Those containing two hydrogen atoms in the a-position 
and none in the /3-position. 

We cannot ascertain that an acid of this type has been described. 
It seems probable that such an acid should result from the product 
of the interaction of ethyl sodiomalonate and dimethylethylcarbinyl 
bromide, 

0,Hs 0,H, 

but although one of us has made numerous experiments, all attempts to 
obtain the above condensation product have so far been without success. 
If, however, ethyl cyanoacetate is employed instead of ethyl malonate, 
a solid condensation product is produced, which is being examined in 
the hope that it will lead to the production of dimethylethylpropionic 
acid [i8j8-dimethylvaleric acid], (GH 3 ) 2 C( 02 H 5 )-CH 2 -C 02 H. 

The following table shows at a glance the number of acids with 
from 4 — 7 carbon atoms occurring in each of the above four groups : 


Acid. 

Group I. 

Group 11. 

Group III. 

. Group ly. 

Butyric acids 

1 

1 


^ ^ 

Valeric acids 

2 

1 

1 


Hcxoic acids 

3 

3 

1 

1 . 

Heptoic acids.,... 

7 

6 

8 

1 


Experimental. 

I. Ethyliso>propylacetio Aoid^ 

Preparation of Ethylisopropylaoetic Add from Ethyl Ethylmalonate* 

After making a number of preliminary experiments, large quantities 
of ethyl ethylmalonate were , worked up in the following manner. 
24*8 grams of sodium (1 moL), dissolved in BOO c.c. absolute alcohol, 
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were mixed with 200 grams of ethyl ethylmalonate (1 moL), 190 
grams of isopropyl iodide (1 mol.) were gradually added, and the 
whole heated on a water-bath for 15 hours. The greater portion of 
the alcohol was then distilled off, and after adding water, the whole 
was extracted with ether, the ethereal solution dried over calcium 
chloride, and the ether evaporated. After distilling the residue three 
times in air, using a fractionating column, the following fractions 
were collected ; 

Below 210'^.. 9 grams 225 — 230° 28 grams. 

210—225 66 „ 230—235 113 „ 

An analysis of the fraction 230 — 235° give the following numbers : 

01182 gave 0*2712 OOg and 01016 HgO. 0 = 62*67; H = 9*55. 

C12H22O4 requires 0 = 62*60 ; H = 9'56 per cent. 

Ethyl ethyliaopropylmalonate, C2H5*0(C3B[H)(002C2Hg)2, is a clear, 
colourless, mobile liquid possessing a pungent, rather unpleasant 
smell, and boiling at 232 — 233°. The yield of ester obtained is 
only 46 per cent, of the theoretical, but this can be materially in- 
creased by again treating the lower fractions with sodium and isopropyl 
iodide, in proportions calculated on the supposition that the fraction 


225 — 230° contains 25 per cent, of unchanged ethyl ethylmalonate 
210—225 „ 50 

below 210 ,, 100 




9 ? 

n 


79 

99 


In this way, 70 grams of liquid boiling between 230— 236° were 
obtained, thus bringing the total yield of ethyl ethylisopropylmalonate 
up to 75 per cent, of that theoretically obtainable from the ethyl 
ethylmalonate employed.- 

Ethyluopropylmalonic add^ C2H5*C(C3B[i^)(C02H)2, was obtained by 
hydrolysing the ester with alcoholic potash, and after recrystallisation 
from benzene was analysed. 


0-1670 gave 0'3370 COg and 0-1194 HgO. 0 = 55-04 ; H = 7-94. 

requires 0 = 55*17; H = 8*05 per cent. 


This acid is insoluble in cold light petroleum (b. p. 80 — 100°), 
readily soluble in acetone, alcohol, or water, and crystallises from 
benzene in beautiful, glistening needles melting at 131— 131 ‘5°. At 
a higher temperature, it evolves carbon dioxide, giving rise to the 
corresponding fatty acid. 

The salt, prepared in the ordinary manner, is a white, curdy 
precipitate. ^ 

0-2032 gave on ignition 0*1134 Ag. Ag = 56*80. 

OgHi204Ag2 requires Ag = 66-67 per cent. 
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EihyUsopropylacetic add, 02H5*CH(C3H^)*C02H. — 422 grams of ethyl 
etbylisopropyimalonate were heated for 10 hours on a water-bath in 
quantities of 100 grams at a time with 150 grams (6 mols.) of potass- 
ium hydroxide dissolved in alcohol. Water was then added, the 
alcohol evaporated, and after acidification with sulphuric acid the 
whole was extracted with ether, the ethereal solution carefully dried 
over calcium chloride, and the solvent evaporated. The residue, after 
heating to eliminate carbon dioxide, was repeatedly distilled, using a 
fractionating column, when the following fractions were collected : 

Below 190° 69-5 grams. 196 — 200° 12*0 grams. 

190—196 18-0 „ 200—205 128*0 „ 

On further distillation of the portion boiling between 200 — 205°, 
pure ethylisopropylacetic acid boiling constantly at 202 — ^203° was 
obtained. It is a clear colourless, oily liquid, with a disagreeable 
and penetrating odipur, similar to that of other acids of the fatty 
series. It is readily attacked by potassium permanganate in alkaline 
solution. 

0*1466 gave 0*3476 COg and 0*1412 HgO. 0 64*66 ,* H - 10*71. 

C17H14O2 requires 0 64*61 ; H=: 10*77 per cent. 

The nlmr salt, prepared in the usual manner, is a white caseous 
precipitate. 

0*1988 gave on ignition 0*0902 Ag. Ag=a 45*37. 

C^HigOgAg requires Ag = 45*57 per cent. 

We were for some time unable to account for the large fraction 
boiling below 190°, of which the major portion passes over between 
165° and 170°; further experiments showed, however, that the latter 
temperature is about the boiling point of ethyl ethylisopropylacetate 
(164—165°), and the course which the reaction is supposed to follow 
W already been explained in the introduction (p. 84). The whole 
of the liquid boiling below 200° was therefore again hydrolysed with 
alcoholic potash, when a further 60 grams of pure ethylisopropyl- 
acetic acid were obtained, thus increasing the yield to 80 per cent, 
of that theoretically obtainable from the corresponding disubstituted 
malonic ester. 

Preparation of Ethylisopropylacetic Add from Ethyl orCyomoacetate^ 

Ethyl a-cyanoacetate was first converted into ethyl a-cyanobutyrate, 
(b. p. 208 — 209°), by heating with sodium 
and ethyl iodide in alcoholic solution. 

Three soda-water bottles, each containing 5 grams of sodiuui dis*- 
solved in 60 c.c, absolute alcohol, 31 grams of ethyl a-cyancbutyrate. 
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and 40 grams of isopropyl iodide, were securely corked, and heated in 
a water-bath for 20 hours^ Water was then added to the contents of 
the bottles, and the whole extracted with ether, &c. ; the resulting 
liquid was then fractionated, using a column, with the following 
results : 

Below 205° 11*5 grams. 220 — 225° ......... 35*5 grams* 

205^215 3-5 „ 225—230 23'0 „ 

215—220 10*5 „ 

A nitrogen determination in the fraction 225 — 230° gave the follow- 
ing numbers ; 

0*1416 gave 10 c.c. moist nitrogen at 23° and 766 mm. N = 8*02. 

requires N ~ 7*65 per cent. 

Ethyl a-cyanoethylisopropylacetatei ^ 

clear, colourless liquid having a faint odour of peppermint, and boils 
at 226 — 227° under 756 mm. pressure. The yield is poor (20 per cent, 
of the theoretical), but may be increased to 50 per cent, of the amount 
theoretically obtainable from the ethyl cyanobutyrate used, by again 
treating the lower fractions with sodium and isopropyl iodide, on the 
same principle as described in the preparation of efchyl ethylisopropyl- 
malonate (p. 90). 

Dilute sulphuric acid seems to be the best agent for hydrolysing 
this ester, but the results are not very satisfactory, and the yield 
of fatty acid is small. 

The ester was boiled for 30 hours with four times its weight of 
65 per cent, sulphuric acid, and after diluting with water the whole, 
was extracted with ether, the ethereal solution dried over calcium 
chloride, and the ether evapoi’ated. On fractionating the resulting liquid, 
the major portion distilled between 200° and 205°, and by repeating 
the process an acid liquid was obtained boiling at 202 — 203° and 
having all the properties of ethylisopropylacetic acid. It gave a 
white, insoluble silver salt, which was analysed : 

0*1532 gave on ignition 0*0702 Ag. Ag = 45*82. 

C^-Hj^OgAg requires Ag = 45*57 per cent. 

The p-toluidide crystallised from light petroleum (b. p. 60 — -80°) 
in slender, glistening, silky needles melting at 121 — 122° (compare 
p.S4). 

If ethyl cyanoethylisopropylacetate is heated with dilute sulphuric 
acid only for 15 hours, the greater part of the resulting liquid 
was found to boil between 160 — 170°, a small amoxmt passing over 
between 230° and 240°, which solidified on cooling. The fraction 
-160 — 170° consisted probably of the nitrile of ethylisopropylacetic 
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acid, which, from analogy, would be expected to boil at about this 
temperature ; moreover, when heated with dilute sulphuric acid, this 
fraction is converted into ethylisopropylacetic acid. The solid fraction 
(b. p. 230 — 240°) crystallised from light petroleum in white, silky 
needles melting at 133*5 — 134° (see p. 94) and consisted of ethyliso- 
pT*opylacetamide. 

0*1338 gave 12*8 c.c. moist nitrogen at 17° and 752 mm. NT = 10*98. 

Oh-HijON requires ]Sr= 10*85 per cent. 

In one of the first experiments we made on the hydrolysis of the 
above ester, a portion was heated for 12 hours with 5 times its volume 
of concentrated hydrochloric acid, but, as on extraction with ether, 
&c., the boiling point of the resulting liquid was found to be that of 
the original ester, the whole was heated with concentrated aqueous 
potassium hydroxide for 15 hours, during which process considerable 
quantities of ammonia were evolved. The residue extracted from the 
acidified liquid was found to boil for the most part below 200°, and a 
small portion boiling between 230° and 240° solidified on cooling. This 
substance crystallises from water, or, better, from light petroleum 
(b. p.80 — 100°) in beautiful, silky needles melting at 122 — 122*5°, and 
*^068 not sublime when heated in a dry test-tube. 

/ 0*1416 gave 13*8 c.c. moist nitrogen at 23*5° and 760 mm. B = 10*95* 
/ requires 17 = 10*85 per cent. 

^ Although resembling ethylisopropylacetamide, it melts at a tempera- 
ture 13 degrees lower, and we have, so far, been unable to satisfactorily 
prove its exact nature, the amount obtained being very small. 


DeQ^ivatives of Mthylisop'op^lacetic Acid, 

Ethyl Bthylisopropylmetate, C2H5*0H(C3Hy)-C02C2H5. — Pure ethyl- 
isopropylacetic acid was dissolved in absolute alcohol, dry hydrogen 
chloride passed in to saturation, and the whole left for 24 hours. After 
pouring into water and extracting with ether, &c,, it was found that 
very little of the ethyl salt had been formed, as nearly the whole of the 
residue boiled between 200° and 205°, and consisted therefore of un- 
changed acid- This observation appears to be in accord with those of 
Menschutkin and others, who have shown that acids of this type 
are not readily esterified in this manner. After several further 
fruitless experiments, the following method was adopted. 

10 grams of the pure acid were dissolved in 25 c.c. of absolute 
alcohol, and after adding 10 c.c. of concentrated sulphuric acid, the 
whole was heated on a water-bath for 8 hours ; water was then added, 
^nd the oil which separated was extracted with ether. The ethereal 
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solution was washed with dilute sodium carbonate, then with water, 
carefully dried over calcium chloride, and the efcher evaporated. On 
fractionating the residue, 11 grams (91 per cent,) of a liquid boiling 
constantly at 164 — 165° under 766 mm. pressure were obtained. 

0‘1486 gave 0*3708 CO 3 and 0*1516 H 3 O. 0«68*06 ; 11*33. 

requires 0 =» 68*35 ; H = 1 1 *39 per cent. 

The ester is a clear, colourless, mobile liquid with a characteristic, 
penetrating smell. 

Mhyli8(>pTopylacetamidef C 2 H 5 *CH( 03 H^)* 00 *NH 2 . — ^The ester was 
heated in a sealed tube with concentrated aqueous ammonia for 12 
hours at 180°, but was recovered unchanged. The same a^^ialt was 
obtained when alcoholic ammonia was employed. 

Some of the pure acid was then heated for 10 minutes in a reflux 
apparatus with the calculated quantity of phosphorus pentachloride. 
After distillation, the crude chloride boiling between 150° and 153° 
was slowly poured into concentrated aqueous ammonia, when a white 
solid separated, which was collected, spread on a porous plate, crystal- 
lised from light petroleum, and analysed. 

0*1166 gave 11*0 o.c. moist nitrogenat 21 ° and 764 mm. N =» 10*80. 
requires IST « 10*85 per cent. 

The amide is but slightly soluble in chloroform, benzene, or acetone, 
but readily in alcohol or water, and crystallises well from either light 
petroleum or water in long, white, silky needles melting at 134 — 134*6°. 
When h^ted in a test tube, it sublimes in needle-shaped crystals. 

Eikyli8opTopyla(xtanUide^ ^ 2 ^ 6 * prepared 

by heating the pure acid with twice its weight of pure aniline for 
24 hours, was purified in the usual manner, and finally by reerystal- 
lisation from light petroleum (b. p. 100 — 120 °), from which it 
separated in clusters of small, glistening needles melting at 114— -116° 
It is insoluble in water, but readily soluble in alcohol, chloroform, 
acetone, or ether. 

0*1580 gave 9*6 c.c. moist nitrogen at 20° and 762 mm, N s*6*96, 
requires N = 6*83 per cent. 

Ethylisop^opylacetparatoluididet OgHg* OH(C3B[^)*CO*NrH* OyHi^, px*e- 
pared and purified in a similar way to the anilide, crystallises from light 
petroleum (b. p. 60 — 80°) in glistening, feathery needles melting at 
122*5 — 123° It is insoluble in water, but readily soluble in the 
ordinary organic solvents, , even in the cold. 

0*1994 gave 11*0 0 , 0 . moist nitrogen at 19° and 762 mm. N=s 6*36. 

^ 14 ^ 21 ^^ requires N « 6*39 per cent. 
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11. Ethyl (X'Bromoethylisopro^pylacetate. 

Ethyl arhromoethylisopTOpylacetatef 02 Hg'CBr( 03 Hy)*C 0202 H 5 . — 
Bthylisopropylacetic acid was treated in quantities of 50 grams at a 
time with 4 grams of amorphous phosphorus and 120 grams of dry 
bromine (Yolhard, Annalen, 1887, 242, 61). On pouring the resulting 
bromide into alcohol, very little heat is developed at first, but on 
standing the temperature gradually rises, and eventually it is necessary 
to moderate the reaction. The resulting ester of the bromo-acid is a 
colourless, mobile liquid, possessing a pungent, characteristic smell 
somewhat resembling that of peppermint. It boils constantly at 
135 — 136° under 59 mm. pressure, and is obtained in almost theoretical 
amount (92 — 93 per cent.). 

0’2440 gave 0*1950 AgBr. Br- 33*97. 

OgHi^OgBr requires Br = 33*76 per cent. 

Treatment of Ethyl a-Bromethylisopropylacetate with Diethylaniline. 

356 grams of the ester were treated in portions of 50 grams 
(1 mol.) at a time with 63 grams (2 mols.) of freshly distilled diethyl- 
aniline, and worked up in the manner already described (Trans., 1899, 
75, 166). As the residual liquid was found to contain traces of 
bromine, it was again heated with 1 mol. of diethylaniline for 
8 hours, and then distilled in air. After five distillations, the follow- 
ing fractions were collected under 748 mm. pressure : 

170—175° 2 grams. 185— 200° ...... 5 grams. 

175 — 180 170 „ Above 200 28 „ 

180—186 ...... 5 „ 

TihB fraction hoiling at 175 — 180° was found to be entirely free from 
bromine, and gave the following numbers on analysis : 

0*1094 gave 0*2774 OOg and 0*1008 HgO. 0 = 69*16 ; H = 10*24. 

CgHigOg requires 0 = 69*23 ; H = 10*25 per cent. 

So far this is the only instance in which we have found it possible 
to entirely eliminate bromine by using diethylaniline ; as a rule, the 
analyses of such unsaturated esters do not lead to satisfactory results, 
owing to the presence of small amounts of halogen. 

This fraction, amounting to 73 per cent, of the product, is a clear, 
colourless, mobile liquid possessing a very pungent odour of peppermint ; 
although of fairly constant boiling point, it is not a simple substance, 
but as the oxidation experiments show, consists of a mixture of ethyl 
jS^-dimethyi-a-ethylacrylate and ethyl j8-methyl-a-isopropylaerylate. 
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Hydrolysis of the Mixed Esters. 

170 grams of the mixed esters were hydrolysed in two portions 
with 120 grams of caustic potash dissolved in alcohol. The mixture 
of acids obtained from the product had the remarkable property of 
boiling quite constantly at 136® under 55 mm. or at 203—20^® under 
760 mm. pressure. It is a clear, colourless liquid, with a faint but 
sharp odour; it rapidly decolorises a chloroform solution of bromine, 
and also an alkaline solution of potassium permanganate. 

Oxidation of the mixed Unsaturated Aoids, 

The mixed acids were oxidised (compare Trans., 1899, 76, 165) in 
quantities of 25 grams, first, with 23 grams of potassium permanganate 
and then with 60 grams of potassium dichromate dissolved in dilute 
sulphuric acid. During the second operation, an absorption apparatus 
was connected with the end of the condenser, in order to avoid loss of 
acetone. The oxidation took place very readily, in spite of the fact 
that the acids are insoluble in water, and was complete in from 
3 — 4 hours. The pi’oduct was distilled with steam until no more 
acid passed over, the distillate carefully neutralised with potassium 
hydroxide, again distilled with steam, and the second distillate treated 
with an alcoholic solution of ^bromophenylhydrazine, when a copious 
precipitate separated. This was collected and recrystallised from 
light petroleum, when small, glisteniiag leaflets of the p-bromophenyl- 
hydrazone derivative of acetone, (0B[3)20'N-l:7H'CgH4Br, were ob- 
tained melting at 94—95® (comptare Neufeld, Annalen^ 1 888, 248, 96). 

01212 gave 0*0994 AgBr. Br=34’90. 

The contents of the distillation flask were evaporated to dryness, 
and the potassium salts, rendered anhydrous by heating at 100® in an 
air oven, were distilled with concentrated sulphuric acid, when a 
good deal of charring occurred. The liberated fatty acids (13 — 14 
grams from 25 grams of the unsaturated acids) were dried by standing 
over concentrated sulphuric acid and then distilled fractionally, when 
no substance of higher boiling point than 160® was obtained. 

In subsequent experiments, the process was somewhat modified, 
inasmuch as the potassium salts were dissolved in dilute sulphuric 
acid, and the whole extracted 10 times with pure ether* The ethereal 
solution was dried over calcium chloride, the ether removed by evapora- 
tion, and the residual fatty acids distilled, the following fractions being 
collected : 

100—110® 125—135® 145—150® 

110—125 135^145 150—160 
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The thermometer rises very rapidly from to 200°, at about 

which temperature the residue passes over, and consists presumably 
of incompletely oxidised acids. The various fractions were further 
purified by drying over anhydrous sodium sulphate and repeated 
distillation. 

Fmcti<m hoiling at 100 — 125°, — This contains acetic acid, OHg-COgH. 
A portion of this fraction boiling at 118° was converted into the 
silver salt, which after recrystallisation from water was analysed. 

0*1288 gave on ignition 0*0834 Ag. Ag = 64*74. 

OgHgOgAg requires Ag~ 64-67 per cent. 

A further quantity of the acid boiling between 117—119° was con- 
verted into the anilide, which crystallised from water in pearly scales 
melting at 112 — 112 *5°. 

0*1024 gave 9*2 e.c. moist nitrogen at 20° and 764 mm. N = 10*33. 

CH3 *CO‘NH*OqH 5 requires N — 10*37 per cent, 

Fraciicm homing at 135 — 145°. — This contains propionic acid, 
OHjj-CHg'COgH. The silver salt, prepared from a portion of the acid 
boiling at 140°, gave the following numbers on analysis ; 

0*1520 gave on ignition 0*0908 Ag. Ag= 59*73. 

OgHjOgAg requires Ag« 59*66 per cent. 

The anilide prepared from the acid boiling between 139 — 141° 
crystallised from light petroleum in glistening leaflets melting at 
103 — 104° (compare Trans., 1898, 73, 34). 

0*1429 gave 12 c.c. moist nitrogen at 20° and 753 mm. ^ = 9*51. 

OgHg-CO-NH-OgHg requires ^—9*39 per cent. 

Fraction hoiling at 150 — 160°. — This contains isobutyric acid 
(CH3)20H'C02H. The portion of this small fraction boiling 
between 163° and 157° was converted into the calcium salt by heating 
the acid dissolved in water with pure calcium carbonate, filtering, 
and evaporating the filtrate in a vacuum, when radiating clusters 
of silky needles were obtained, in which, after drying in air, the 
water of crystallisation was determined. 

0*3636 lost 0*0702 at 165° 020 = 19*85. 

0*2368 gave 0*1536 CaSO^. Ca= 19*07. 

(O4H0O2)2Oa requires Ca = 18*69 per c^nt. 

According to Chancel and Parmentier {CompLrmd/^ 1887, 104, 477), 
calcium isobutyrate should contain fiHgO, requiring 29*6 per cent. 
HgO, but, as has repeatedly been shown (Trans., 1898, 73, 16, 35 ; 
also 1899, 75, 185), the salt prepared in the above manner contains 
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water corresponding more nearly with 4 H 2 O (25*17 per cent.), the 
amount depending to a large extent on the length of time during 
which the salt has been exposed to air (Trans., 18^8, 73, 15). 

The unusually small proportion of water found above appears to be 
due to the facts that, first, as the calcium analysis shows, the salt was 
not quite pure, and, secondly, when the solution of the salt was 
evaporated sufficiently for it to crystallise, the surface became coated 
with a crust, from which, on account of the small amount of material, 
it was very difficult to completely detach the crystals. 

As mentioned on p. 95, when ethyl a-bromoethylisopropylacefcate 
is treated with diethylaniline, 28 grams of a substance boiling above 
200° were obtained, besides the unsaturated esters. On distilling this 
under 65 mm. pressure, 8 g^ams were found to boil below 200°, and 
14 grams between 205 — 210° As both fractions contained nitrogen, 
it was thought that an ethyl ester of an anilino-acid might have been 
produced, for, as Bischoff [Ber,, 1898, 31, 3015) has shown, these 
substances are formed by the action of dimethylaniline on the ethyl 
esters of a-bromo-acids of the fatty series, but it appears not to be so 
in this case. 

The fraction hoiling below 200° was treated with [alcoholic potash, 
the alcohol evaporated, and a small amount of an insoluble nitrogen- 
ous substance removed by ether. On acidifying and extracting with 
ether, 7 grams of a liquid boiling between 207 — 209° were obtained, 
which exhibited all the properties of the mixture of unsaturated acids 
described on p. 96, A portion was converted into the silver salt 
and analysed, 

0*1708 gave, on ignition, 0*0788 Ag. Ag=s 46*13. 

QyHjiOgAg requires Ag« 45*96 per cent. 

The fraction hoiling at 205 — 210° was again distilled, and a portion 
boiling at 207—208° under 60 mm. pressure was analysed : 

0*1558 gave 0*4264 00^ and 0*1288 HgO. C = 74*64 ; H « 9*18. 

0*2261 „ 13*6 c.c. moist nitrogen at 16° and 766 mm. IT « 7*06. 

0*2090 „ll-9c.c. „ „ „ 15° „ 770 mm. IT* 6*76. 

0i^H2.^02lT requires 0 = 73*64; H = 9*71 ; 1T = 5*05 per cent. 

These numbers do not agree with those required for the ethyl ester of 
the corresponding anilino-acid,. Some of the liquid was then heated with 
excess of alcoholic potash for 7 hours. Water was added and the alcohol 
e^porated, when on extracting the alkaline liquid with ether, nearly 
the total wmght dE liquid originally taken W’as obtained. It boils 
constantly at 290--r295° tmder 750 mm, pressure, is a thick, pale 
yellow liquid with a laaaised blue fluorescent^ and gave 0® 76*52, 
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H *=8*99, !N’sa7‘31 per cent, as the mean of three closely agreeing 
analyses. It dissolves in concentrated sulphuric or hydrochloric acids, 
but is thrown out of solution on adding water. With concentrated sul- 
phuric acid and a crystal of potassium diohromate, it gives a rose-pink 
colour turning to greenish-brown. Concentrated nitric acid dissolves 
it, and on evaporation a rose-pink colour is developed. Potassium 
permanganate is readily decolorised by it, but no definite oxidation 
product could be isolated, and we have so far been unable to decide the 
nature of this substance. 

Our thanks are due to the JEleseareh Fund Committee of the 
Chemical Society for a grant defraying in part the cost of the materials 
used in this investigation. 

Chemical Laboratoet, 

St. Thomas’s Hospital, 


X . — Preparation of Benzenemo-o-nitrophenoh 

By J. T. Hewitt. 

Ben2Bneazo-o-nitrophenol being required for some work on which 
the author of the present communication is engaged, an attempt was 
made to prepare it in a more satisfactory manner than according 
to ISToel tinges process, which consists in adding a solution of a phenyl - 
diazonium salt to an alkaline solution of o-nitrophenol 1887, 

20, 2997). Diazotised amines combine but slowly with o-nitro- 
phenol, and during the process considerable decomposition sets in, the 
yield being small. Direct nitration of benzeneazophenol gave p-nitro- 
benzeneazophenol (Noelting, loc* cit»\ the method consisting in 
carrying out the nitration in a strong sulphuric acid solution. 

It seemed possible, however, by altering the conditions of the 
experiment, that substitution might take place in the phenol nucleus, 
and that if sO' the desired o-nitro-compound would be obtained, as 
it was very improbable that the nitro-group should enter in the meta- 
position, whilst the para-position is already occupied by the azo-group. 
The desired result was obtained, the necessary conditions being that 
the nitric acid is sufficiently dilute and the temperature carefully 
regulated.’’^ . 

E. Tauber 1893, 26, 1872) has described the nitration of phenolazo- 
benzenesulphonio acid in strong sulphuric acid, and obtained a nitro^derivative 
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10 grams of benzeneazophenol (powdered) are stirred up and 
thoroughly moistened with a cold mixture of 20 c.c. nitric acid of 
sp. gr, 1*36 and 60 c.c. water. The mixture is then carefully warmed 
on the water-bath, the temperature being gradually raised to about 
40° (the temperature of the water-bath should not be above 45°). 
After about 20 minutes, a smell resembling that of o-nitrophenol is 
noticeable, the mass becomes thicker, and eventually bubbles of gas 
make their appearance. At this stage, when the contents of the 
beaker have become a stiff paste, in which the thermometer will 
stand upright, they are added to an excess of cold water, and the 
insoluble part collected rapidly with the aid of .a pump and well 
washed. After drying at 100°, the weight of yellow precipitate is 
generally grams, and the melting point about 122° (not quite 
sharp). 

iN’oelting gives 126° as the melting point of benzeneazo-o-nitrophenol ; 
after three recrystallisations from benzene, the melting point of the 
above product was found bo be constant at 126*5° (128*5° corrected; 
the remaining melting points in this paper are all corrected for the 
apparent expansion of the mercury of the thermometer). The com- 
position of the substance was controlled by an analyst. 

0*1200 gave 0*2572 OOg and 0*0390 H 2 O. 0 = 58*46 ; H = 3*61. 

0*1377 „ 21*0 c.c. moist nitrogen at 16° and 762 mm. N = 17*76, 
requires 0 = 59*21 ; H = 3*73; 17=: 17*32 per cent. 

if considerable quantities are desired, benzeneazophenol may be 
nitrated in much greater amount than 10 grams at a time, and after 
checking its melting point, the product can be used for most purposes 
without recrystallisation. 

As benzeneazo-o-nitrophenol could be obtained in considerable 
quantities, it was considered desirable to characterise the compound 
more closely than had hitherto been done. The substance crystallises 
in small light yellow needles, gives a pale yellow powder, and forms 
yellow solutions in organic solvents. In strong sulphuric acid, it 
dissolves with a red colour, and the careful addition of water to 
the solution at first precipitates a red sulphate which, however, 
very readily gives the yellow nitrophenol on further addition of 
water. Whether the precipitate so obtained is a hydrate or the free 
azophenol, has not so far been determined, Farmer and Hantzsch 
state in a recent paper (5er., 1899,32, 3098) that this azophehol (or, 

with the nitro-^oup in the ortho-position relatively to the hydroxyl. He expressly 
mentions in his paper that he has chosen such a sulphonic acid derivative, as 
otherwise the nitro-gronp would enter the benzene, and not the phenol, nucleus. 
The course of the substitution really depends on whether an azophenol reacts as 
such, or as a sa^ ; : : , 
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in their nomenclature, NiProchinon-Phenylhydrazon) gives neither 
hydrate nor hydrochloride. The existence of the sulphate shows, 
however, that the azophenol is capable of forming salts with strong 
acidsi 

Solutions of the azophenol in fixed alkalis and ammonia are of a 
distinct red shade, in fact, the difference of colour between the free 
phenol and its alkaline salts strongly recalls the relationship in 
colour between o-nitrophenol and its alkali salts. The sodium salt 
separates in red needles on concentration, and in neutral solution 
gives, with solutions of metallic salts, the following precipitates. 

Silver Niln^ate . — Light orange precipitate, practically insoluble, even 
in boiling water. 

Magnesiurrh Chloride , — rOrange precipitate, dissolves somewhat in 
boiling water, and separates in groups of small needles on cooling. 

Zinc Srdphate , — ^Bright yellow precipitate, becoming crystalline on 
warming, slightly soluble in boiling water. 

Gadmiwm Sulphate , — Orange precipitate, very slightly soluble. 

Me/rcuric Chloride , — Yellow precipitate, appreciably soluble in boil- 
ing water. 

Calcium Chloride , — Orange red precipitate, very slightly soluble in 
boiling water. 

Strontium CMoride , — Similar ^precipitate to that with calcium 
chloride, but somewhat redder in shade. 

Barium Chloride , — Scarlet precipitate, very sparingly soluble in 
boiling water, from which it separates in very slender, long needles. 

Lead Acetate , — Orange precipitate, insoluble. 

Copper Sulphate , — Dirty orange precipitate, insoluble. 

CohaU PFitrate or Nickel Chloride, — Beddish-brown precipitate. 

Mangamse Sulphate , — Orange precipitate, somewhat soluble in 
boiling water. 

Stommm Bright sulphur-yellow precipitate* 

Ferrous Sulphate , — ^Dark brown precipitate, soon turning green. 

Ferric Chloride , — Bright sulphur-yellow precipitate* 

Almnimum Bright yellow precipitate. 

(7Aromc .dZtm,“^Tellpw precipitate, not quite so clear in shade as 
that with aluminium. 

It is somewhat striking that the colours of the precipitates should 
vary so much. The very slight solubility of the barium salt contrasts 
strongly with that of the barium salts of benzeneazophenols containing 
the substituents in the benzene nucleus, which may be recrystallised 
easily from boiling water and are obtained as orange needles contain^ 
ing 4 H 2 O. 

The acetyl derivative, CeH^-N:N-CgHj{N02)-6-C0-CH8, m 

VOL. XXXVII. I 
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obtained by warming 2 parts of the azophenol, 2 parts of fused 
powdered sodium acetate, and S parts of acetic anhydride for 1 hour 
on the water-bath. It separates in a flocculent state on pouring into 
water, and may be obtained as yellowish-brown prisms by recrystal- 
lisation from glacial acetic acid or benzene. It melts at 120*5°. 

0*1237 gave 0*2644 CO 2 and .0*0428 Hgb. C - 58*29 ; H 3 * 86 . 

0^1103 „ 14*6 c.c. moist nitrogen at 21° and 756 mm. IT = 14*89. 

requires 0 = 58*90 ; H = 3*89 ; IT = 1 4*77 per cent. 

The acetyl derivative is easily soluble in acetone, ethyl acetate, or 
pyridine, less so in chloroform or benzene ; methylated spirit dissolves 
it sparingly in the cold, but fairly readily on warming, as does amyl 
alcohol. It is sparingly soluble in ether and insoluble in light 
petroleum. 

The lenzoyl derivative, 0gH5*IT.‘IT*0gH3(IT02)'0* CO* CgHg, is obtained 
when equal weights of the azophenol and benzoyl chloride are boiled 
gently for 1 hour. After pouring the product into water and leaving 
it until it has solidified, it is powdered, warmed with a little alcohol, 
and washed with repeated small quantities of cold alcohol on the 
pump. It separates from benzene in small, yellow crystals, melts at 
1 32°, is easily soluble in hot benzene, acetone, or chloroform, sparingly 
so in alcohol or light petroleum, and is only dissolved in very small 
quantities by ether. 

0*1127 gave 12*4 c.c. moist nitrogen at 13° and 764 mm. IT = 13*07. 

OigH^gO^lTg requires IT = 12*72 per cent. 

The difference in the behaviour pf benzeneazophenol on niti^ation,^ 
when the operation is effected with dilute acid or in concentrated 
sulphuric acid soluiaon, might be explained if benzeneazophenol had 
the constitution, OgHg'ITIIT'GgH^'OH, usually assigned to it. 

Phenols undergo substitution much more readily than benzene 
derivatives, in which no hydroxyl or amino-groups are present, and 
hence nitration might be expected to occur in the phenol nucleus. 
On the other hand, when nitration takes place in a sulphonic acid 
solution, a salt of the azophenol with a mineral acid is being nitrated, 
and if to these salts a formula is assigned, such as that which Hantzsch 
1899, 32, 3091) gives to the hydrochloride, . 

; H Cl 

the r^olt is also easily explicable. Quinones are substituted with 
comparative difiSculty, amines, on the contrary, with ease, an ortho^ or 

para-derivative beitig pbodbcedi; Hahtzsch, however, assigns a similar 
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quinonoid structure to the free azophenols, and this seems to be hardly 
reconcilable with the experiments just described. It may be pointed 
Out that, the colour of the free azophenols much 'more closely corre- 
sponds to that of their ethers and esters, which undoubtedly possess 
the azo-structure, than to that of their salts with mineral acids for 
which the structure of quinone-hydrazone derivatives is probable. 

The author desires to thank Messrs. Olacher and Likiernik for help 
afforded in this work. 

East London Technical College^ 


'Xi.— Ethyl Dihromobutanetetracarboxylate and the 

Synthesis of Tetrahydrofurfuran-2 : b-dicarhoxylic 
Add, 

By Bevan Lean, D.Sc., B.A. 

In a paper communicated to the Society a few years ago (Trans., 
1894, 66, 995), the author described a number of homologues of 
butanetetracarboxylic acid and of adipic acid. It was shown that 
ethyl butanetetracarboxylate, when treated with sodium ethoxide and 
alkyl haloids, yields disubstijiutidn derivatives of the general “formula 

Brom these, symmetrical dialkyl butanetetracarboxylic acids and 
dialkyl adipic acids were obtained, and it was shown that the latter 
always existed in two modifications, usually differing from one another 
markedly in melting point, solubility, and other physical properties. 

At the time that this communication was made, it had also been 
found that bromine could readily replace the hydrogen atoms of the 
two OH groups in ethyl butanetetracarboxylate, and that the two 
bromine atoms of the resulting compound could, in turn, be replaced 
by hydroiEyl ' groups on digestion with barium hydroxide. The in- 
vestigation of dihydroxybutanetetracarboxylic acid and of its deriva- 
tives proved, however, to be a matter of much greater difioiculty and 
interest than was anticipated, and it now appears desirable to no 
longer postpone the communication of the results of this part of , the 
inquiry. 

Ethyl butanetetracarboxylate, like ethyl pentanetetracarboxylate 
(Perkin, Trans., 1891, 59, 827), readily reacts, in chloroform solution » 
with bromine with the formation of ethyl aS-dibroniobutanetetra- 
carboxylate and evolution of hydrogen bromide, thus : 

■ 1 % 


?H2'OH(00,0,H5)„ _ CH,.GBr(OOAH5), 

. 6Ha^OH(GO,GA)2 * 6H,-OBr(00,0*H6)a 
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The beautiful, crystalline dibromo-compound thus obtained, when 
digested for some hours with a strong solution of barium hydroxide, 
yields an insoluble barium salt of dihydroxybutanetetracarboxylic 
acid, crystallising apparently with one molecular proportion of water. 
When this salt is decomposed by sulphuric acid, dihydroxybutane- 
tetracarboxylic acid, 

(002H)2C(OH)*OH2- C(OH)(C02H)2, 

is obtained in solution, as is shown by the preparation and analysis 
of its silver salt, which has the composition GgH^OiQAg 4 . 

On slowly concentrating the aqueous solution of dihydroxybutane- 
tetracarboxylic acid over strong sulphuric acid, beautiful, long, 
prismatic needles are obtained of the corresponding S-monolactone, 

(C02H)2C*CH2- CHg- C(0H)-C02H 
O CO * 

The silver salt prepared from this substance is silver dihydroxy- 
butanetetracarboxylate, CgHgOjQAg^, thus , confirming this view of 
its constitution. 

On heating an aqueous solution of this S-lactone in a sealed tube 
at 150®, decomposition ensues with the elimination of carbon dioxide. 
If the aqueous solution of the product is evaporated to a small bulk 
on a water-bath and placed over sulphuric acid in a vacuum, small, 
star-shaped clusters of crystals appear after one or two days ; if left 
longer over sulphuric acid, the whole eventually becomes solid, but 
the last traces of moisture disappear very slowly. ' The product had 
the composition CgHgO^, which is that of dihydroxyadipic acid, less 
1 molecular proportion of water, 

WoO,o - CgHgOg + 200^ + H^O. 

In this case, again, the simplest explanation would be that the 
substance is the S-lactone of dihydroxyadipic acid, namely, 

CO^H- (pH-CHs* CHg* ^H-OH 

Careful investigation, however, has shown that the silver salt prepared 
from it has the composition CgHgOgAgj, rendering it very improbable 
that the substance CgHgOg is a S-lactone ; for this to be the case, it 
would be necessary to suppose the lactonic ring to be quite exception- 
ally stable, remaining intact when the substance is dissolved in 
water, and also to asstune that the hydrogen atom of the hydroxyl 
group hsis an acidic character— a very unusual occurrence in an 
aliphatic compound, 

Further consideration shows, however, that the elimination of water 
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actually takes place between the two hydroxyl groups, and that the 
substance is tefcrahydrofurf uran-2 : 5-dicarboxylic acid, formed in the 
following way : 


Hg— CHg CHg-CHg 

GOgH-C C-COgH = COgH-C C-COgH 
OH OH 

O 


4- HgO. 


It was found that the tetrahydrof urfurandicarboxylic acid (O^HgOg) 
obtained by heating an aqueous solution of dihydroxybutanetetra- 
carboxylic acid begins to melt about 65®, but on raising the tempera- 
ture the fusion proceeds only gradually, and is not complete until about 
120®, The absence of a definite melting point suggested the possi- 
bility of the substance being a mixture of stereoisoineric acids, and 
experiments were instituted to separate them if possible by fractional 
crystallisation from water. 

- Using 32 grams of material, there was little difficulty in separating 
6 ^ams of a tetrahydrof urfurandicarboxylic acid which melted at 
123 — 125®. This was shown to be dibasic by the preparation and 
analysis of its silver salt, which was found to have the composition 
OgHgOgAgg. It is to be noted that it crystallised fairly readily from 
a little water in star-shaped clusters, and that it was not necessary to 
dry tha crystals over strong sulphuric acid for analysis, exposure in 
the air being sufficient. It appeared to have no tendency to combine 
with a molecular proportion of water, as would be the case with a 
3- lactone, for an aqueous solution, after being boiled, gave again the 
silver salt mentioned above, and not a salt of the formula OgHgOg Agg. 

The mother liquor from which this acid had been separated was care- 
fully examined, as is described later (p. 113), and from it were isolated 
8 grams of small, white crystals, which when dried in the air melted at 
56 *5 — 62®. It was at first expected that this substance was a second 
tetrahydrof urfurandicarboxylic acid; analysis, however, proved it 
to have the composition OgHgOg -h HgO or CgHjgOg. The silver salt 
prepared from it had the composition CgHgAggOg, a result which led 
to the conclusion that the substance GgH^gOg was not dihydroxyadipic 
acid, but the isomeric monohydrate of tetrahydrof urfurandicarboxylic 
acid. The only solvent from which it was found at all feasible to 
crystallise this substance was strong hydrochloric acid ; it then melted 
at 63— 64®, and analysis proved it to he unchanged in composition. 

When placed a few hours over strong sulphuric acid, it was found 
that the monohydrate, CgH^oOg, could no longer be fused below 70*?, 
and after 8 days the product melted at 93 — 95® and had the composition 
GgHgOg, Its silver salt was found to have the composition CgHgOgAgg, 
confirming the conclusion that the substance was a tetrahydrof urftpian^ 
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dicarboxylio acid, and not the isomeric S-monolactone of dihydroxy- 
adipic acid. When this acid (m. p. 93 — 94°) was exposed in the air 
or dissolved in a little water and the solution evaporated over solid 
potassium hydroxide, the product melted at 57 — 62°, the monohydrate 
having been reformed. 

In the previous paragraphs it has been shown that if an aqueous 
solution of dihydroxybutanetetracarboxylic acid is heated in a sealed 
tube at 150°, the product must be regarded as a mixture of isomeric 
tetrahydrofurfurandicarboxylic acids, the one melting at 123— 125°, 
the other at about 93—94° The isomerism of these must be geo- 
metric ; they are, in fact, cis- and ^m 7 ^e-forms, recalling the isomeric 
hexabydroterephthalic acids, and may be represented thus : 


H H 

F / \ H 

1/ H. H \i 


CO,H 


(«s.) 


COaH 


H / \ OO.3H 


CO3H 



So far as iS known, this is the first case of geometrical isomerism 
which has been established in the furfuran series. 

Few instances are recorded of the formation of a'furfaran derivative 
by the removaJ of tike elements of water from an open chain hydrosylic 
compound, Fischer {Ber., 1891, 24, 2li0) has shown that water can 
be split ofiE from the tetrahydroxyadipic ac^s, With the formation of 
a furfurandioarboxylic acid (dehydromuoie acid), thus: 


9H(OH)- 

GH-OH 

COjH 


-CH-OH 

CH-OH - 3 H 3 O 

6 O 3 H 


OOjH- 



H 

•OO 3 H. 


This action, however, is not strictly analogous to the case discussed 
in the present paper, because water was eliminated only when the 
hydroxyadipic acids were heated with strong acids. 

Another instance which is more nearly paralleT seems to exist in 
tibn case of Tiemann's ^ isosaccharic acid' {Ber,^ 1884, 17, 247 ; 1886, 
19, 1257). This was at first regarded as a tetrahydroxyadipic acid, 
but more recently 1894, 27, 118) was shown to have 
the csomposition C^HgOi^. Tiemann gave the name * nor-isosaccharic 
amd* tothetetrahydro^adipic acid from which * isosacchario acid ' might 
ecimdered to he delved, and pointed out that on the analogy of 
saoAaric and mucid acids, the snbstance OgHgOy might be regarded as 
^elaGfeqeof this acifbqt for tl^e faci^ thah.it proved to be dibasic, ai?id 
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that when heated alone, or in a stream of dry hydrogen chloride, it was 
changed, without charring, into pyromucic acid. He therefore con- 
cluded that ‘ isosaccharic acid ’ was really 3 : 4-dihydroxy tetrahydro- 
furfuran-2 : 5-dicar boxylic acid, 

OH-HC OH-OH 

CO^H-HC CH-OOgH. 

' \/ 

o 


Of the various compounds prepared from this substance, Tiemann 
found that several were derivatives of what he continued to term 
* isosaccharic acid,' but that others contained, in addition, the elements 
of one molecular proportion of water. The latter, he pointed out, 
might be regarded as furfuran derivatives crystallised, with IHgO, but, 
as other dihydroxyfurfurans were not known, and as a tetrahydroxy- 
adipic acid, which lost water when its aqueous solution was evaporated, 
might be expected to undergo hydration under the influence of chemical 
agents, he continued to speak of them as formed from ^ nor-isosaccharic 
acid.' In confirmation of this view, he described atetracetyl derivative 
of ‘nor-isosaccharic acid' 1894, 27, 128), but it is not stated how 
this was isolated, nor are any analyses quoted. 

It may be noted that some of the derivatives of ^ nor-isosaceharic 
acid ' were found to lose readily one molecular proportion of water, 
giving rise to corresponding derivatives of ‘ isosaccharic acid,' and that 
the latter readily recombined with water in molecular proportion. A 
number of salts of ‘ nor-isosaccharic acid ' were described, but almost 
all of these contained water of crystallisation, and it is not clear how 
Tiemann satisfied himself that they were not derived from ‘ isosaccharic 
acid.' 

From a review of these facts, it appears to the author of the present 
paper that the compounds described by Tiemann as derivatives of 
‘ isosaccharic acid,' or of ‘ nor-isosaccharic acid,' are in reality de- 
rivatives of 8 : 4-dihydroxytetrahydrofurfuran-2 : 5-dicarboxylic acid, 
and that the names ‘ isosaccharic acid ’ and ‘ nor-isosaccharic acid ' 
should be abandoned* 


Experimental, 


Mhyl Bibrdmobutanetetrmarboosi/latef q ^ ^ 


80 grams of ethyl butanetetracarboxylate, free from ethyl butane- 
tricarhoxylate (compare Lean and Lees, Trans., 1897, 78, 1062), were 
dissolved in 230 grams of chloroform in a flask connected with a reflux 
condenser, and 73 grams of dry bromine run in-drop by drop, the flask 
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being kept cool during the operation. The liquid remained colourless 
until nearly the whole of the bromine had been added j the flask was 
then warmed at 50® for 6 hours on the water-bath, and finally for 1 
hour at 70®. 

The product, which was still coloured by bromine, was shaken with 
a small quantity of a solution of sodium hydrogen sulphite, and the 
residual heavy, yellowish oil washed with water and dehydrated by cal- 
cium chloride. After the chloroform had been removed as far as possible 
by evaporation on the water-bath, the residue, on standing, solidified 
almost completely, forming a beautiful, crystalline mass (about 108 
grams). This was broken up and separated as completely as possible 
from oil by washing with a little ethyl alcohol with the aid of a pump. 
The white, crystalline product (87 grams) was further freed from traces 
of oil by dissolving it in the least possible quantity of hot ethyl 
alcohol, when the solution deposited, on standing, about 76 grams of 
colourless, monoclinic prisms. If crystallised again from alcohol, 
almost exactly the same weight (75 grams) was recovered. On analysis : 

0T517 gave 0-2127 COg and 0*0680 HgO. 0 = 38*33 ; H = 4*98. 

0*1639 „ 0*1283 AgBr. Br = 32*01. 

0*2385 „ 0 1775 AgBr. Br = 31*67. 

OigH^^OgBrg requires C = 38*09 ; H = 4*76 ; Br =? 31*74 per cent. 


Ethyl dibromobutanetetracarboxylate crystallises in well-formed, mono- 
clinic crystals from a warm’ solution in light petroleum, or in methyl 
orothyl alcohol, melts at 83°, ^nd is readily soluble in ether, benzene, 
toluene, or glacial acetic acid. 


Dihydroxyhutanet&tTacarhoxylic A cid^ 


5H2-C(0H)(C02H)2 

)H2*C(OH)(OOi,H),- 


When ethyl dibromobutanetetracarboxylate is hydrolysed in a glass 
flask, a considerable quantity of silic i and alkali is introduced into 
solution, from which it is very difficult to free the product, no solvent 
besides water having been found from which dihydro xybutanetetra- 
carboxylic acid can be crystallised ) the hydrolysis therefore was carried 
out in a silver flask of 750 c.c. capacity. 

80 grams of ethyl dibromobutanetetracarboxylate (1 mol.) along 
with 157 grams of barium hydroxide (2 mols.) freshly crystallised in a 
platinupi basin, and about SOOc.e.of water were introduced into thesilver 
flask, to the neck of which a small reflux condenser was attached. The 
mixture was then boiled on a sand-bath for 6 hours. A further quantity 
of barium hydroxide (1 §7 grams) was then added, and the heating 
-continued for another 6 hours. ^ The product, while still hot, was 
filtered with the ^d of a purapi the insoluble, white, crystalline 
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barium dibydroxybutanetefcracarboxylate was washed many times with 
hot water, then, suspended in water, and decomposed with the necessary 
amount of sulphuric acid. After filtration from barium sulphate, the 
solution was always found to contain a small quantity of bromine ; to 
remove this, silver hydroxide was added, and, lastly, the excess of silver 
was removed by sulphuretted hydrogen. The filtered solution was 
then evaporated to about 150 c.c. on the water bath. 

Silver Salt, — A portion of the solution was neutralised with 
ammonium hydroxide solution, poured into a large excess of silver 
nitrate solution, and the mixture well shaken ; the white, amorphous 
precipitate was collected on a filter, well washed with water and dried 
on a porous plate, and fin illy over sulphuric acid. 

0-2910 gave 0*1820 AgBr. Ag = 62*54. 

CgHgOjoAg^ requires Ag = 62*23 per cent. 

Barium Salt—'&orm of the barium salt formed in preparing the acid 
was washed many times with boiling water, and afterwards dried on a 
porous tile and by exposure on a watch glass in the air for some days. 

0*6248 gave 0*5218 BaSO^. Ba= 49*12. 

CgHgOi 0 Ba 2 + HgO requires Ba = 49*50 per cent. 

This salt apparently crystallises with IH^O, but the water cannot be 
estimated by desiccation at 1 10 % as further decomposition ensues. 

A strong solution of dihydroxy butanetetracarboxy lie acid has an 
extremely acrid taste, whilst a dilute solution has a taste very similar 
to that of alum. The acid readily liberates carbon dioxide from a 
carbonate. 

When the aqueous solution of the acid was concentrated over 
sulphuric acid in a vacuum, a deposit of barium sulphate formed 
before crystallisation began. On further evaporation, a little more 
barium sulphate separated out, and shortly afterwards beautiful, long, 
prismatic needles of the monolaetone of dihydroxybutanetetracarb- 
' oxylic acid began to separate from the slightly yellow, gelatinous mass. 

Z-Monolactone oj DihydroxyhutanetetmcaThoxylio Acid, 

(002H)2C*C ff./ CHg* 0(0H)C02H. 

0* — -CO 

The gelatinous product, in which crystals had begun to form, was 
. stirred up and after exposure for some days in a vacuum over sulphuric 
acid becaime solid and dry. The hard, white, porcelain-like mass was 
powdered and again exposed over sulphuric acid. The yield from' 
80 grams of ethyl dibromobutanetetracarboxylate was usually 30—35 
grams. The substance began to soften at 146% and at 156*^ it 
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completely fused and frothed up the capillary tube. At a higher 
temperature, it charred rapidly. 

On igniting 1*0966 grams of the substance, 0*0056 gram or 0*5 per 
cent, of ash was left, which proved to be mainly barium sulphate. In 
the following analyses, a correction of 0*5 per cent, was made upon 
the weight of substance taken. No solvent, besides water, was found 
from which the acid could be crystallised. 

0-1548 gave 0*2168 CO^ and 0*0505 H^O. 0 = 38*24 ; H - 3*66. 

0*1616 „ 0*2304 002 ,, 0*0523 HgO. 0-38*86 ; H = 3*61, 

CqHjqOiq requires 0 — 36*06 ; H = 3*78 per cent. 

CgHg Ofj „ 0 = 38*68; H- 3*25 „ 

These analyses showed that the substance consisted probably of the 
S-monolactohe of dihydroxybutanetetracarboxy lie acid: it was proved to 
be a lactone, and not a furfuran derivative, by analysis of the silver salt. 

The silver salt was prepared, and proved to be tetrabasic. 

0*3410 gave 0*3697 AgBr. Ag = 62*27. - 

0*245 „ 0*2662 AgBr. Ag= 62*41. 

OgHgOj^Ag^ requires Ag = 62*23 per cent. 

The lactone of dihydroxybutanetetracarboxylic acid crystallises 
in long needles on slow evaporation of its aqueous solution. It is 
readily soluble in water, ether, methyl, or ethyl alcohol, but in- 
soluble in benzene, toluene, or light petroleum. On exposure in 
the air, it absorbs moisture, but only very slowly. 

Tetrahydrofurfvi/ran -% ; 5-dicarhoxylic Add. 

On heating an aqueous solution of the lactone of dihydroxybutane- 
tetracarboxylic acid in a sealed glass tube, the acid decomposed with 
the elimination of carbon dioxide. 

About 2 grams of tbe lactone of dihydroxybutanetetracarboxylic 
acid, dissolved in 20 c.c, of water,, were heated' at 150° in a sealed 
tube for 6 hours. A very considerable pressure was developed within 
the tube, so much so that until a special quality of Jena glass tubing 
was obtained, almost every tube was shattered, and much valuable 
material lost. On opening the tube, a violent escape of carbon dioxide 
took place, and the decomposition was found to be complete. Fifty-six' 
grams of the lactone were successfully decomposed, and. the contents 
of the tubes were mixed and filtered from a little sediment. 

A portion was examined as follows : 120 c.c. were evaporated to a 
small bulk on a water-bath and placed over sulpkuric acid in a 
vacuum ; in the course of the next night, a small sediment separated 
out, which proved to be barium sulphate (compare p. 109) ; this was . 
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removed by filtration and the slow evaporation continued. In the 
course of another day, small, star-shaped forms resembling snow- 
crystals began to appear, and after -four more days alpaost the whole 
became solid. The cake was then broken up and placed for a fort- 
night over sulphuric acid in a vacuum ; the last traces of moisture 
seemed to disappear very slowly. 

On ignition, a small amount of mineral matter was left ; 0*5327 gram 
gave 0*0068 gram or 1*3 per cent, of ash. This was mainly barium 
sulphate and silica, introduced unavoidably in previous operations ; as 
no way was found of removing this inorganic material, the necessary 
correction was made in the following analyses, which proved that the 
product is not dihydroxyadipic acid. 

0^253 gave 0*2056 00^ and 0*0598 HgO. 0 = 44*73 ; H = 5*33. 

0*1768 „ 0*2902 002 „ 0*0823 1120. 0 = 44*99; H = 5*23. 

OgHj^Og requires 0 = 40*42 ; B[ = 5*66 per cent. 

OgHgOg „ 0 = 44*95; H = 6*03 „ 

The silver salt was prepared in the usual way from a neutral solu- 
tion of the ammonium salt; it was dried over sulphuric acid and 
analysed. 

0*1871 silver salt gave, on ignition, 0*1078 Ag. Ag = 67*63. \ 

0*1692 „ „ „ 0*0976 Ag. Ag = 67*68. 

CgHgOgAgg requires Ag = 66*09 per cent. 

Ag = 67*73 „ 

These analyses, showing the silver salt to be dibasic but with the 
composition OgHgOgAgg, make it very improbable that the acid 
OgHgOg is the S-lactone of dihydroxyadipic acid ; it must, in fact, be 
regarded as a tetrabydrofurfurandicarboxylic acid. This conclusion 
is supported by the fact that the same silver salt was obtained, 
without the previous isolation of the acid CgHgOg, directly from an 
^ aqueous solution of dihydroxybutanetetracarboxylic acid, heated at 
170® in a sealed tube for 6 hours, and then evaporated on a water- 
bath with addition of water to ensure the removal of carbon dioxide, 

0*1779 gave 0*1214 COg, 0*0286 H 2 O, and 0*1019 Ag, 0 = 18*60 ; 
H=l* 80 ; Ag=67*2a 

CgHgOgAgg requires 0= 19*24 ; H = 1*62 ; Ag = 57*73 per cent. 

As stated in the introduction, the acid CgHgOg began to melt at 
about 65®, but on raising the temperature the fusion proceeded only 
gradually and was not complete until about 120®, This absence of a 
definite melting point could not be attributed to impurity, or to the 
material being a mixture of entirely different substances in yiesfl^O 
tbe analytical results adduced above, and pointed rather ; ^ 
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possibility of the substance consisting of a mixture of stereoisomeric 
acids* 

After preliminary experiments had shown that fractional orystab 
lisation from water, although tedious, promised to effect a separation, 
the method was carefully applied to 32 grams of the tetrahydro- 
furfurandicar boxy lie acid. 


Tetrahydrofur/wran-^ : ^-dicarloxylic Acid, m. jp. 123 — 125°. 

Thirty-two grams of the acid CgHgO^ were dissolved in water, and the 
aqueous solution evaporated slowly to a small bulk on the water-bath, 
filtered from a little sediment of barium sulphate, and placed over 
sulphuric acid in a vacuum, when star-shaped clusters of crystals soon 
began to appear. As soon as at least half of the product had crystal- 
lised, the crystals were separated as completely as possible from the 
brown, syrup-like mother liquor by the aid of a pump and dried over 
sulphuric acid. They melted between 90° and 122° On repeating 
the fractional crystallisation, 6 grams of beautiful, white crystals were 
ultimately obtained which melted at 123 — 125°; after solidification, 
they melted again at the same temperature. The crystals had the 
same melting point, whether dried at 100° in , a steam oven or by 
exposure in the air. 

On analysis^ the substance proved to have a composition corre- 
sponding to that of tetrahydrofurfurandicarboxylic acid. 

0-1372 gave 0-2264 OOg and 0*0628 HgO. 0= 44*98 ; H = 5*12. 

OgHgOg requires 0 = 44*95 ; H = 5*03 per cent. 

The acid has a very acrid taste. It is extremely soluble in cold 
water, methyl or ethyl alcohol, acetone, or glacial acetic acid, but is 
not readily dissolved by ether, and is practically insoluble in chloroform, 
benzene, or light petroleum. It dissolves in boiling toluene, and is 
rapidly precipitated, on cooling, in arborescent masses of minute crys- 
tals. It can be crystallised from 'a concentrated aqueous solution and 
from a very strong solution of hydrochloric acid. The acid is charred 
extremely readily if cautiously heated iu a dry test-tube. 

A neutral solution of the ammonium salt does not readily yield a 
precipitate on the addition of solutions of metallic salts, except in the 
case of silver and mercurous salts. 

The silver 8cdt of the acid was prepared and analysed both by igni- 
tion and by eombustion. It was found impossible to estimate the 
carbon a(5curately, on account of, the great tendency of the salt to 
explode> even at a very moderate temperature, 
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0*2984 gave 01704 Ag. Ag« 57*10. 

0*2248 „ 0*1374 OOg, 0*0382 H^O, and 0*1291 Ag. 0-16*66; 

H- 1*90 ; Ag- 57*40. 

OgHeOgAgg requires 0 = 19*24 ; H- 1*62 ; Ag = 57*73 per cent. 

The hasicity of the acid was determined by titration with a solution 
of pure barium hydroxide, of which 1 c.c. contained 0*007607 gram 
Ba{OH)2. 

0*4160 gram acid required 58*9 c.c. or 0*4480 gram Ba(OH )2 for 
neutralisation, whether phenolphthalein or litmus was used as an 
indicator. 

Calculated for CgHgOg, 0*4452 gram, and for 0*4002 gram 

of Ba(OH )2 would be required to form a dibasic salt with this amount 
of acid, a difference equivalent to 6 c.c. of solution. 

An attempt was made to open the ring by boiling half a gram of 
the acid, dissolved in a little water for 6 hours, in a small Geissler 
flask. The silver salt was then prepared and analysed, proving that 
no change had occurred ; a result which made it still less probable 
that the substance could be a 3-lactone. 

0*2292 gave 0*1316 Ag. Ag-57*4L 

OgHgOgAgg requires Ag = 57'73 per cent. 

CgHgOgAgg ,, Ag— 55*09 ,, 


TetrahydrofuTfuran-2 : ^-dicarhoxylic Aoid^ m* p. 93 — 95°, 
and its Hydrate, 

The brown, syrup-like mother liquor obtained in the course of the 
isolation qf the acid of higher melting point was placed over sulphuric 
acid in a vacuum, but, even after standing some days, crystallisation did 
not begin until a fragment of the acid melting at 123 — 125° was added, 
and the solution vigorously stirred with a glass rod, when a pasty, crys- 
talline mass resulted. This was at once filtered by means of a pump, 
and gave about 5 c.c. of a reddish-brown mother liquor and 11 grams of 
small, nearly white, sand-like Crystals, which, after being spread on 
a porous plate, were found to melt gradually between 60° and 65° 
The crystals were dissolved in a little cold water, and the solution, 
after filtration from a slight sediment, allowed to evaporate slowly 
over sulphuric acid in a vacuum until it became syrupy, without, 
however, any separation of crystals occurring, but on adding a small 
fragment and stirring the syrup suddenly became almost solid with 
sensible evolution of heat. The product was dried in the air on a 
porous tile, giving 8 grams of small, white crystals, which wei-e found to 
paelt at 66 *5 — 62° and when dried over solid caustic potash in a vacnum, 
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showed no change in the melting point. A small portion was more 
completely dried in a steam oven at 100®; after melting, it did not 
solidify on cooling until scratched with a glass rod, when it at once 
became solid and brittle ; it then melted at 59 — 62®. 

A portion was also placed in a vacuum over sulphuric acid, and. the 
next day was found to be caked together, crisp, and nodular ; it then 
began to melt at 63®, but was not completely fused even at 
This raising of the melting point was subsequently found to be due 
to the partial dehydration of the hydrate of tetrahydrofurfuran- 
dicarboxylic acid (m, p. 59 — 62®), the anhydrous acid having a higher 
melting point (see p. 115). 

In the account of the isolation of these substances, mention is made 
of 5 c.c. of a reddish-brown mother liquor which might conceivably con- 
tain a compound of still lower melting point, although contaminated 
by impurities accumulated in the numerous processes of the prepara- 
tion. Careful examination, however, failed to reveal the presence of 
any other substance. 

Hydrate qf tetrahydrofurfuran-2 : ^-dicarhoxyliG Acid^ OgHgOg -f HgO. 
— ^The small, white crystals (8 . grams), which when dried in the air 
melted at 56*5 — 62®, proved to be a hydrate of tetrahydrofurfuran* 
dicarboxylic acid. Prior to analysis, the crystals were dried over 
solid caustic potash in a vacuum for 3 days ; they gave a slight 
amount of ash after ignition (0-3 per cent.), and the necessary cor- 
rection was applied to the analytical results : 

0d593 gave 0-2360 OOg and 6-0812 H^O. 0-46‘B7 ; 

01188 O-I 777 OO 2 ,, 0-0033 HgOv C-40-76 ; H =» 5-95. 

GgHjgOg requires C = 40*42 ; H = 5*66 per cent^ 

„ 0 = 44*95; H = 5-03 „ 

This conclusion was confirmed by determining the basicity of the 
acid with a solution of barium hydroxide containing 0*007607 gram 
Ba(OH )2 per c.c. 

0*4340 gram acid required 55-2 c.c., or 0*4201 gram Ba(OH )2 for 
neutralisation whether phenolphthalein or litmus was used as an 
indicator. 

Calculated for 0*4176 gram, and for C^^HgOg, 0*4645 gram 

of (BaOH )2 be required to form a dibasic salt with this amount 

of acid. / 

The formula OgHjgOg represents both dihydroxyadipio acid and 
also monohydrated tetrahydrofurfurandicarboxylic acid. The for- 
mation and analysis of the silver salt showed, however, that the 
substance was the latter, 

' ^ The was p^^ 
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0*1735 gave 0*1228 OOg, 0*0*292 and 0*0991 Ag. 0 = 19*30; 

H = l*87; Ag = 57*14. 

OgHgOsAgg requires C==19*24; H = l*62; Ag = 57*73 per cent. 

From another preparation, made 3 years previously, a silver salt 
was prepared which gave Ag = 57*53 per cent. 

The hydrate of tetrahydrofurfuran dicar bo xylic acid is extremely 
soluble in cold water, methyl or ethyl alcohol, acetone, or glacial 
acetic acid, but is not at all readily soluble in boiling ether, and 
dissolves only sparingly in boiling benzene, toluene, or light petrol- 
eum. It is soluble in concentrated hydrochloric acid, but if the 
solution is stirred and left over solid caustic potash the hydrate can 
be induced to crystallise in beautiful, white plates. 

Concentrated hydrochloric acid is therefore the- only solvent from 
which the hydrate can be crystallised without very great loss. The 
crystallisation was carried out as follows : 3 "grams of the hydrate 
were dissolved in a little water, the solution filtered from a very small 
amount of sediment, and hydrogen chloride passed into it until the 
solution was saturated. After concentration in a vacuum, a white, 
crystalline precipitate was induced to form by adding a crystal 
and stirring vigorously. The product was collected, washed with 
a little strong hydrochloric acid, spread on a porous tile, and dried 
over solid caustic potash in a vacuum. ' In this way, 1*3 grams were 
obtained, which on analysis proved to be the substance CgHjoOg un- 
changed in composition. It melted at 63 — 64°, and this may probably 
be taken as the correct melting point rather than 56*5 — 62°, the 
melting point before crystallisation from hydrochloric acid. 

An aqueous solution of the hydrate is intensely acrid. A neutral 
solution of its ammonium salt gives a white precipitate with silver or 
mercurous nitrate, but no precipitate with barium nitrate, calcium 
chloride, lead acetate, or mercuric chloride. 

Tetrahydrofurfuran-^ : ^-dicarhoxylio aoid, m. jp. 93 — 95°. — It has 
already, been stated that, after the hydrate of tetrahydrofurfurandi- 
carhoXylie acid had been placed for 1 day over sulphuric acid in a 
vacuum, the crystals were found to be caked together and could no 
longer be melted below 70°. A portion of the hydrate, which had 
been recrystallised from hydrochloric acid and melted at 63— 64°, was 
exposed for 8 days over strong sulphuric acid in a vacuum. It 
then melted at 93^ — 95°. On analysis ; 

0*1513 gave 0*2486 COg and 0*0700 HgO. 0=^44*79 ; H==5*17. 
^©qtiires 0 = 44 *95 ; H = 5 *03 per cent* 

This result showed that the raising of the melting point was" dtte to ; 
the loss of a molecular proportion of water, and was confirmed by 
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determining the actual loss in weight wliich occurred when the hydrate 
was exposed over sulphuric acid, 

1*1737 gram of the hydrate lost 0*0638 gram or 5*4 per cent, in 
1 day ; at the end of 10 days, the weight remained constant, and 
0*1235 gram had been lost, or 10*62 per cent. The calculated loss is 
10*10 per cent. 

A determination of the hasidty of the substance (m. p. 93 — 96°) 
with a solution of barium hydroxide containing 0*00917 gram barium 
hydroxide per c.c. confirmed the conclusion that it had the composition 

OeHA* 

0*4342 gram required 60*39 c.c. or 0*4622 gram Ba(OH )2 for 
neutralisation, whether phenolphthalein or litmus was used as the 
indicator. 

Calculated for 0*4176 gram, and for CgHgOg, 0*4646 gram 

of Ba(OH )2 would be required to form a dibasic salt with this amount 
of acid. 

The Bilmr salt was prepared and analysed : 

0*1762 gave 0*1227 CO 2 , 0*0295 H^O, and 0*1007 Ag. C« 19*08; 
H = 1*S8; Ag = 57*46. 

C^HgOgAgg requires C« 19*24; H*l*62; Agia57*73 per cent. 

It follows therefore that the substance OgHgOg cannot be the 
Mactone b£ dihydroxyadipic acid. When a portion of the tetrahydro- 
furfurandicarboxylic acid melting at 93 — 94° was dissolved in a little 
water and the solution allowed to evaporate over solid potassium hydr- 
oxide until dry, the product was found to melt at 67—62° Further, 
on exposing some of the acid in the open air for 7 days, the melting 
point was lowered until it became 67 — 62° There was not sufficient 
material for analysis. These results show that this tetrahydro- 
furfuraudicarboxylic acid can be readily converted into its hydrate. 

A portion of the expense incurred in this investigation was defrayed 
by a grant awarded by the Govemipent Grant Committee of the Royal 
Society, for which the author desires to express his thanks. 

The author’s thanks are also due to Mr. F. H. Lees for his very care- 
ful and assiduous assistance in the later stages of the work. 
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XTT .- — The Atomic Weight of Nitrogen. 

By George Dean, B.A. 

Considering the large number of very definite and stable compounds 
in which nitrogen occurs as a constituent, it might have been ex- 
pected that the atomic weight of nitrogen would be known with the 
greatest exactness. The readiness and accuracy with which nitrates 
may be converted into chlorides and vice versd, the determination of 
the percentage of silver in silver nitrate by synthetical and by analy- 
tical methods, the ratio between ammonium chloride or bromide and 
the silver required for complete precipitation, and many other exact 
processes seem fully to warrant this supposition, and to enable us to 
deduce directly the ratio of the atomic weight of nitrogen to those of 
both hydrogen and oxygen. A glance at the summary of results 
given below, however, will show that much work has still to be done 
before we know the atomic weight of nitrogen as accurately as we 
have every reason to believe it can be determined with the resources 
now at our command. 

The experiments described in the following paper were undertaken 
with the view of deducing the constant from a combination of elements 
which had not hitherto been used for the purpose. Before entering 
upon the account of the method adopted here and the results obtained, 

may be of interest to briefly consider the most important work done 
by previous investigators. 

Both for variety of method and the number of experiments, the 
researches of Stas take the foremost place. Making oxygen the 
standard of comparison, and giving to it a value of 16, the diflerent 
numbers obtained by him for nitrogen, with the respective methods 
employed, are as follows : 

(1) Comparison of ammonium chloride and metallic silver 14*043 

(2) „ „ bromide „ „ 14*048 

(3) Conversion of silver into silver nitrate. (Two series 

of experiments, the atomic weight having, in each 


series, two values, deduced respectively from the 
weight of silver nitrate before and after fusion). 

First series, silver nitrate before fusion., 14*044 

jj j> after 14'029 

Second ,, „ , before „ 14*054 

if 1 ) a after ,, 14*042 

(4) ^ Comparison of ammonium chloride and silver nitrate.. 14*027 

(5) Conversion of potassium chloi'ide into potassium nitrate 1 4*044 

(^) 9 » sodium „ sodium „ 14*046 

VOL. LXXVn. K 
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(7) CJomparison of silver nitrate and potassium chloride : 


First series... 14*083 

Second „ 14*105 

Third „ ; 14*043 


The general mean of these values, assigning equal importance to each, 
is 14*051, the lowest value obtained being 14*027, the highest 14*106. 

Next in order of importance to the work of Stas is probably that 
of Penny (PM, Pmns., 1839, 129, I, 32) ; his various methods and the” 
results respectively deduced from them may be briefly given thus : 


(1) Conversion of metallic silver into nitrate 13*996 

(2) ,, silver nitrate into silver chloride. 14*011 

(3) „ potassium nitrate into potassium chloride 14*037 

(4) ‘ „ chloride ,, nitrate., 14*039 

(6) „ „ chlorate „ „ 14*003 

(6) „ sodium „ sodium „ 14*031 

(7) „ - „ chloride „ „ 14*025 

(8) „ „ nitrate „ chloride 14*021 


The mean of these is 14*020, the lowest value being 13*996, the highest 
14*039. 

Marignac treated the question less exhaustively ; his methods with 
their corresponding results were : 

(1) Comparison of metallic silver and ammonium chloride 13*961 

(2) ,, „ silver nitrate 13*977 

(3) „ silver nitrate and potassium chloride... 14*150 

the mean being 14*029. 

Thus the values for the constant, determined by three of the 
masters in this branch of research, are practically 14*02, 14*03, and 
14*05, the separate experiments yielding results varying from 13*961 
to 14*150. 

Other workers have used methods more or less similar with the 
following results, 

Pelouze {Gompt rend,, 1845, 20, 1047) determined the weight of 
pure silver which, when dissolved in nitric acid, was sufficient for the 
complete precipitation of a weighed amount of pure ammonium 
chloride. The atomic weight of nitrogen calculated from his numbers 
is 13*975. - 

Hardin (Jl Amer, Ghenii JSoc,, 1896, i8, 995) electrolysed small 
weighed amounts of silver nitrate, and weighed the silver deposited. 
His data lead to the value 14*042* 

Turner {Phil, Tram,, 1833, 123, IT, 537) converted a weighed 
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amount of silver nitrate into silver chloride, and determined the mass 
of chloride produced. B’is experiments give the value 14*013. 

Hibbs (J*. Amer, Ghem* Soc., 1896, 18, 1044) heated known masses 
of potassium nitrate in a stream of hydrogen chloride, and weighed 
the amount of chloride obtained. Moreover, the same process was 
applied to the sodium compound, the results being 14*032 and 14*026 
respectively. 

Thomsen (ZtiU ‘phyBi'kal, Ghem,<, 1894, 13, 398) determined the ratio 
of the weights of hydrogen chloride and ammonia which combine with 
each other. He passed pure, dry hydrogen chloride into a weighed 
apparatus containing distilled water, and weighed again. Then pure 
ammonia was led in until it was present in slight excess, and the in- 
crease in weight observed, the excess of ammonia being finally deter- 
mined by titration with standard acid. His mean result, 2*13934, 
leads to the value 14*021 for nitrogen. 

Excluding the value deduced by Thomsen — to which little weight 
can be assigned as his experiments also lead to the conclusion that 
the ratio of H ; O is 1 :16 instead of 1 : 15*88 or 1 : 15*89 as estab- 
lished by the laborious researches of Rayleigh, Leduc, Morley, Scott, 
Koyes, and others — the mean is 14*034, if equal importance is given 
to the result of each separate series of experiments. 

So far the results considered have been those which are based upon 
purely chemical methods. In the various determinations of the 
density of nitrogen, we have, on the other hand, a series of values 
obtained by physical means. The work of the earlier experimenters, 
Biot and Arago, Thomson, &c., was carried on without the refinements 
of accuracy brought to the aid of later research, and may be passed 
over here. More exact estimations have been made by Dumas and 
Boussingault, Regnault, von Jolly, Leduc, and Rayleigh, but chiefly 
with residual atmospheric nitrogen, and therefore still containing 
argon. In consequence of the admixture of this substance with the 
nitrogen, these results also are of little value for our present purpose. 
The most recent numbers obtained forj^mra nitrogen, both by Lord 
lUyleigh and M. Leduc, however, are almost identical. Taking oxygen 
as the unit, Leduc, from his own experiments, gives to nitrogen a density 
of 0*87508, and from Rayleigh^s data, 0*87507 (C/ompA 1898, 
126, 4l5). Lord Rayleigh refers his results to the density of air 
as unit, and obtains for nitrogen and oxygen the densities 0*96737 
and 1*10535 respectively ; hence the relative densities are 14*003 : 16 
{Ptoc. Boy, 1897, 62, 209). 

How the great similarity in behaviour of oxygen and nitrogen, with 
regard to changes in temperature and pressure, renders it almost 
iinpossifale that any deviations from Avogadro's law would be aSle to 
reconcile the two values of 14*034 as found by chemical methodef ahd 
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1 4*003 by physical methods^ This view is supported by D. Berthelofc’s 
recalculation of the atomic weight of nitrogen from the densities of 
nitrogen and oxygen, on the assumption that Avogadro’s law is 
strictly accurate at low pressures. After applying a correction for 
the differences in compressibility of the two gases, the ratio is only 
raised to 14*007 ; 16 {Gompt rend,, 1898, 126, 954), Tt was therefore 
thought to be of the greatest importance to redetermine this con$tant 
by some new method involving as few atomic weights as possible, and 
only those which are known with the highest degree of accuracy, 

Method Employed. 

Some years ago, when discussing the probable cause of the differ- 
ences between Stas’ numbers deduced from the weights of fused and 
unfused silver nitrate respectively. Professor Dewar suggested the use 
of silver cyanide in order to obtain an independent value. By deter- 
mining the amount of silver in a known weight of cyanide, the equi- 
valent of cyanogen could be estimated ; by subtracting from this the 
atomic weight of carbon, that of nitrogen is obtained. 

Many preliminary experiments were made before the final method 
of treatment was decided upon. Of course, the simplest plan, which 
at once suggested itself, was to heat a weighed amount of cyanide, 
and weigh the silver left. Unfortunately, ^he formation of para- 
cyanogen and a carbide of silver in the mass of metal, and the 
appreciable volatility of silver when heated for a fair length of time 
in the air, led to an utter lack of agreement among the results 
obtained. Attempts were mads, on the other hand, , with varying 
degrees of success, to dissolve weighed amounts of the cyanide in 
nitric acid alone, in nitiic acid with some other oxidising agent (for 
example, potassium permanganate), and in nitric acid under pressure, 
and to estimate the weight of silver in solution. Ultimately this 
difficulty was overcome, and the method resolved itself into the follow- 
ingsteps: 

I. Preparation of pure silver sulphate ; 

II. „ „ hydrocyanic acid ; 

III. „ „ silver cyanide, free from sulphuric acid ; 

IT. „ nitric acid, free from haloid acids ; 

T. Drying of the cyanide until its weight remained Constant ; 

Tl. Conversion of the weighed cyanide into some soluble silver 
salt^ 

TH. Bi^mation of the amount of silver in solution. 

yhese objects were obtained in the following manner. First, ordinary 
sUveir nitrate was dissolved in water and precipitated by means of 
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redistilled sulphuric acid. The fine crystals of silver sulphate were 
drained, recrystallised twice from a large volume of distilled water, 
and finally made up into a dilute solution. Next, a weak solution 
of hydrocyanic acid wae prepared by the following method. Potassium 
ferrocyanide was reerystallised in a fine state of division, and distilled 
with dilute sulphuric acid, in an apparatus so arranged that any liquid 
thrown up in the act of ebullition was reflected back into the flask. 
The distillate was finally redistilled over a little magnesium carbonate, 
which was used to prevent “ bumping ” chiefly, but also to combine 
with any traces of sulphuric acid which might be present. 

The silver sulphate solution was placed in a stoppered bottle, dilute 
hydrocyanic acid added, and the whole well shaken, to render the pre- 
cipitate flocculent. More acid was added, and the process repeated 
until all the silver was precipitated as cyanide ; the clear liquid was 
then poured off, and more sulphate solution added and precipitated in 
a similar manner. When a suitable quantity of cyanide had been 
obtained, it was repeatedly washed with cold, and finally with hot 
distilled water, and allowed to stand for some weeks, the water being 
occasionally renewed. Any {races of sulphate of silver enclosed in 
the flocculi would thus have the opportunity of diffusing put. The 
cyanide was finally dried, as described later. 

Nitric Acid, — The “ pure '' acid of commerce, sp. gr. 1’42, was twice 
redistilled, the first time with a few drops of silver nitrate solution, 
precautions being taken to avoid spirtings being carried over into the 
distillate. The acid finally collected, on being tested in the Stas 
chamber, was absolutely free from either hydrochloric acid or silver. 

Fotmsium Bromide^ used in determining the amount of silver in solu- 
tion. — For this I am indebted to the kindness of Dr. Scott, Superin- 
tendent of the Davy-Faraday Research Laboratory, It is part of the 
sample used by Dewar and Scott in their determination of the atomic 
weight of manganese {Troc, Roy. Soc., 1883, 35, 44), and was prepared 
. from potassium carbonate, obtained by decomposing carefully recrystal- 
lised potassium bitartrate, and pure hydrobromic acid, obtained from 
the distillation of potassium bromide and sulphuric acid somewhat 
diluted. 

Btymg qf the SUver Cyanide, 

The carefully washed precipitate was placed in a clean porcelain 
basin and as much as possible of , the water poured away* After 
heating for about 12 hours in a steam oven^ the basin was placed over 
concentrated sulphuric acid in a V6wjuum desiccator, which was then 
exhausted. The salt was left drying in this manner for a week, the 
surface of the acid being renewed by occasional agitation. A poiction Was 
then transferred to two platinum boats, which were encloMl in thin 
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glass tubes, sliding the one over the other, and fitting fairly tightly, 
to prevent moisture being absorbed from the air. The whole — case, 
boats, and cyanide — ^^was then weighed. The actual numbers obtained 
throughout in one determination are given below. 

July 11th, 1898. Boats + tubes + cyanide. 67*947 grams. 

The boats were afterwards placed in a wide glass tube, drawn out 
at one end, and connected there with a series of U tubes, con- 
taining calcium chloride, phosphoric oxide, solid caustic potash, &e. 
Over the other end fitted a slightly wider tube, also drawn out at 
one end, and connected through a drying tube with a water pump. 
By means of this arrangement, a slow, steady current of pure, dry air 
(freed from traces of carbon dioxide and sulphuretted hydrogen by 
passage through a series of potash bulbs) could be drawn over the 
cyanide. The tube containing the boats was kept at a fairly high 
temperature by means of an annular heater containing boiling xylene 
(b. p. 135°). 



The boats were heated in this way in dry air, constantly renewed, 
for 17 hours, allowed to cool all night in the heater, transferred next 
day to the tubes, and weighed. 

. July 13th. Boats + tubes + cyanide. 67*9466 grams. 

The cyanide had lost 1*1 milligrams in 17 hours. The boats were again 
placed m the tube and heated for 18 hours, allowed to cool as before, 
'aiod weighed.' V- 

: J^y 16th. Boats-b tubes -b cyanide. 67*94665 grams, 
hours heating, the Wmght was thus practically unaltered. 
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Solution of the Silver Cyanide, 

This was e:ffected in a glass bulb of about 300 c.c. capacity, pro- 
vided with a long neck. The end of the neck was turned out slightly, 
and had a small lip in order to make it easier to pour accurately. 
A small glass condenser was ground to fit into the neck of the bulb, 
the upper end of the condenser being again fitted with a set of three 
small bulbs, also ground in. By taking these precautions, all loss of 
liquid by spirting was effectually prevented. 

The bulb was disconnected from the condenser, set up vertically 
over a sheet of paper, and a funnel placed in the neck. To transfer 
the cyanide, the boats were carefully lifted over the funnel and 
gently tapped, any granules remaining on the sides of the funnel 
being finally washed in by means of pure nitric acid. The boats and 
tubes were then weighed. 

Boats-i-tubes 55-8347 grams. 

Weight of cyanide taken......... 12*11195 „ 

In all 60 C.C. of nitric acid were added, the bulb then attached to 
the condenser^ and the contents kept gently simmering on a sand-bath 
until the solid had completely dissolved. This took place in about 
40 hours, thorough conversion into nitrate being marked by the 
bumping of the liquid. 

It was found that fuming nitric acid did not dissolve the silver 
cyanide nearly as readily as the 68 per cent, acid, on account of the 
insoluble nitrate being precipitated upon it, and protecting it against 
further action. 

Determination of the Silver, 

For this, the bulbs and condenser were carefully rinsed into a large 
stoppered bottle by means of distilled water and the contents of the 
large bulb added. The latter was repeatedly washed by boiling a 
little water in it and allowing the condensed water to run down the 
sides, the different washings being added to the main portion qf the 
liquid. Next the amount of potassium bromide necessary for the 
theoretical weight of silver present was calciilated, and weighed out 
into a small beaker. In the particular experiment under consideration, 


the weights were those given below : 

July 20th. Beaker...... 11*8087 grams. 

„ -f- bromide ............... 22*5716 „ 


Weight of potassium bromide taken... 10*7629 
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la order to protect the silver bromide, when precipitated, from the 
action of the light, the bottle containing the silver solution was 
wrapped in red paper. The weighed amount of potassium bromide in 
the beaker was dissolved in a little distilled water, and the solution 
transferred with the utmost care to the silver solution. Finally, the 
bottle was vigorously shaken at intervals in order to procure a 
perfectly clear liquid above the precipitated silver bromide, and 
allowed to stand for a day. 

The next step was the estimation of the amount of silver or 
potassium bromide present in excess. Standard solutions of these 
substances were employed (1 gram of the former containing 0*00117 
gram of silver, and 1 gram of the latter being equivalent to 0*00094 
gram of silver) and small quantities added from weighed stoppered 
burettes until the end point was determined, that is, until further 
addition produced no turbidity. The weight of solution added 
furnished the weight of silver or bromide needed, and this, with the 
weight of bromide originally added, gave the means of determining 
the exact weight of silver in the weight of silver cyanide taken. 

The titration was performed in a dark room, a double box similar 
to that used by Stas being employed to hold the vessel and lamp. 
Yellow light was passed through the upper portion of the clear liquid 
in the bottle, and a few drops of the standard solution of silver or 
potassium bromide, as the case might be, were added to determine 
which was in excess. Then five or six drops of solution were run in 

a time until it was known that a slight excess had again been 
added. Thils excess was carefully titrated by means of the other 
solution, added a drop or so at a time. In the experiment cited above, 
the weights of the solutions used before complete precipitation was 
ensured were ; 

July 23rd. Potassium bromide 1^176 grams = 0*00110 grams silver. 
Silvw ..0*30 ,, « 0*00035 

Gmyections, 

Having now obtained all the experimental data, the various cor- 
rections for buoyancy and for discrepancies between the actual masses 
of the Wrights used and their face values had to be applied. The former 
were obtained by means of the following densities: Silver cyanide, 
3*94; potassium bromide, 2*69; brass, 8*4; air, 0*0012; silver, 10*0; 
the latter, by careful comparison of the set of weights among them- 
selves and reduction to expression in terms of one of them. (The 
weight thus adopted as unit was the third gram weight, which is 
rarely used, and hence suffers Mttle loss from abrasion, <fcc.) The 
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balance used was by Bunge of Hamburg, and the weights, a fine set 
of platinised brass weights, by Sartorius. 

Silver cyanide as weighed at first 12*11195 grams. 

Correction for buoyancy of cyanide +0*00368 
„ „ weights “0*00175 

„ weights “0*00171 

Total correction + 0*00022 „ 

Corrected weight of cyanide 12*11213 „ 


Potassium bromide as weighed at first... 10*7629 grams. 

Correction for buoyancy of bromide + 0*0048 
„ „ weights -0*00153 

„ weights “0*00182 

Total correction +0*00145 „ 


Corrected weight of bromide 10*76435 


Calculation of EquivaUrU of Cyanogen. 

Having obtained the exact weight of cyanide taken, the amount of 
silver contained in the cyanide is calculated from the weight of 
potassium bromide used ; by simple proportion, the weight of silver 
cyanide which would contain the atomic weight of silver is estimated. 
This is its molecular weight. On subtracting the atomic weight of 
silver, the equivalent weight of cyanogen remains. The atomic weights 
used were those found by Stas, namely, Ag = 107*93, 0=^16. In 
addition, it was necessary to know the weight of the potassium bromide 
employed which would completely precipitate 100 parts by weight of 
silver; this was found to be 11Q*313 parts. The experiments con- 
ducted in order to ascertain this fact will be referred to later. 


Weight of potassium bromide = 10*76435 grams. 


Its equivalent of silver = 


100 X 10*76436 


9*76800 grams. 


110*313 

Equivalent in silver of the potassium bromide 
solution needed for complete precipitation ... 0*00075 

Total silver present ...... ...i;.... = 9*75875 j 

Weight of silver cyanide =* 12*11213 grams. 

„ ,, containing 107*93 grams of silver s= 

12*11213x107*93 

9.75375 ”** 133*968 grams. ; „ 

Equivalent of cyanogen — 133*958 — 107*93 = 26*028* 
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' Series of Ecc^iments, 

In the following list are briefly given the leading data and the 
results of the diflcerent determinations. In experiment 6, the method of 
procedure was varied somewhat, the cyanide being converted in this case 
into sulphate instead oi nitrate of silver. For this purpose, sulphuric acid, 
the “ pure for analysis ” of commerce, was redistilled in a vacuum, the 
first runnings being rejected. The cyanide was heated for some hours 
with the acid, diluted to nearly twice its volume with water, gas 
being gradually evolved and silver sulphate deposited. More of the 
concentrated acid was added and the heating repeated in order to bring 
the sulphate into solution, but although the crystalline salt seemed to 
disappear completely, there was a slight brownish, flocculent residue, 
possibly paracyanogen, still undissolved. The solution was ultimately 
transferred to a large volume of redistilled water, heated in a water- 
bath in order to have the sulphate in solution before adding the 
potassium bromide, and titrated in the usual way. The slight in- 
soluble residue still remained on heating the diluted liquid. 

The value deduced from this experiment is almost identical with 
that obtained in the one preceding it, which was performed by means 
of nitric acid. 


Ezpt, 

Wt. of AgCN. 

Equir. of Ag. 

Mol. wt, of 
AgCK. 

Eqniv. of 
cyanogen. 

1 ■ 

6*2671 grams 

5 *0490 grams 

133*969 

26 ‘039 

2 

17-60686 „ 

14*18496 „ 

133*956 

26*026 

3 

17-1049 „ 

13-7801 „ 

183*979 

26-049 

4 

17-9210 „ 

14-43881 „ 

183*960 

26*080 

6 

12-11215 „ 

9-76875 „ 

138*958 

26*028 

6 

14-6672 „ 

11-81727 „ 

133*959' 

26*029 


85*67820 grams 

69 *02889 grams 

133*962 

26*032 


The mean value deduced from these experiments for the eqxiivalent 
of cyanogen, calculating from the total weight of cyanide used and 
that of the silver found in it, is thus 26‘032. 

Before we can use this result in determining the atomic weight of 
nitrogen we must know that of carbon. F. W. Clarke, in his Recall 
cuksimi of the Atomic Weights, gives, as the mean of all the important 
numbers determined by different experimenters, the value 12*011. 
Since then, however^ Scott has shown that certain serious errors have 
hitherto been neglected, wMch render some of the experiments con- 
sidered in that, work usfele^ to the time being. The best results 
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which are available, namely, those deduced from the combustion of a 
known amount of carbon and weight of the carbon dioxide formed, 
have been recalculated by him, and give a mean value of 12*001 
practically (Trans., 1897, 71, 557). Subtracting this, then, from the 
cyanogen equivalent, we obtain for nitrogen an atomic weight of 

14-031. 

The accuracy of this number is, of course, strictly dependent upon 
the value for the atomic weight of carbon, and can only be relied upon 
to the same extent. The equivalent of cyanogen, however, is quite an 
independent value, cyanogen in the above experiments having been 
directly compared with silver, and, as far as method at least is con- 
cerned, its equivalent is of the same order of accuracy as those of 
chlorine, bromine, &c., and will be equally available for nitrogen or 
carbon as soon as the other constituent is evaluated. 


Remci/rhs on tM Titration, 

On titrating the excess of silver or bromide with the standard 
solution, the turbid cloud produced in the illuminated layer of liquid 
became less pronounced as this excess diminished. Moreover, ‘af ter the 
excess had been totally precipitated and more of the solution added, a 
slight turbidity was produced on standing f6r a few minutes, which 
interfered with the accurate determination of the end point. With 
practice, however, it was possible to distinguish, to a drop or two, the 
point at which the excess had disappeared, as there was a difference in 
the appearance of the two turbidities. In order, however, to check the 
first determination, the addition of solution was continued in some 
cases until it was in excess, and the other solution added until the end 
point was again obtained. In one experiment, the numbers given for 
the equivalent by successive end point determinations made in this way 
were 

(1) 26*0329, 

(2) 26^0344. 

The experience derived from many titrations has led to the same 
conclusion as that of Stas, namely, that titration of excess. of silver 
by means of the bromide solution is more reliable than the converse 
process, and in most cases I have taken the result of the correspond- 
ing end point; From the numbers here quoted, however, an idea may 
be obtained of the magnitude of the maximum error likely to arise 
from this uncertainty. . 

In some of the earlier experiments, the titration was proceeded with 
4>n the same day as the potassium bromide was added. On repeating 
the addition of the standard solutions on the following day in order tp 
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Verify tlie end point, it was found necessary to add an extra d.tnount 
of silver before precipitation was again complete. On following days* 
however, the liquid was quite free from either salt. It would appear 
that when the silver bromide is thrown down, the flocks enclose small 
quantities of potassium bromide* which diffuse into the bulk of the 
liquid in the course of a day or so. In the later researches, provision 
was made for this, and the titration of the excess postponed for ,a 
day at least. 

Berrmrks on the Weighings, 

It was found that the weighings could be made quite easily to a 
tenth of a milligram, provided that the final weighing was not made 
until half an hour after the tubes and weights had been placed on the 
pans of the balance. Consecutive weighings, even after an interval 
of 12 hours, remained then absolutely constant. That the half-hour 
interval needed was not on account of a certain constant amount of 
hygroscopic moisture absorbed from the air by the material, is shown 
by the fact that the weighings taken immediately were always 
than those taken later. 

Estimation of the Silver Value of the Potassium Bromide used 
in the Titrations, 

In order to calculate the weight of silver present in solution from 
the weight of potassium bromide added, the amount of the latter 
equivalent to 100 parts of silver given by Stas, namely, 110*346, was 
at first made use of. As the results so obtained uniformly gave 
values for cyanogen which seemed abnormally high, i suspected that 
the bromide used in my research might contain small quantities of the 
sodium salt. A given weight of the bromide would thus be equivalent 
to a greater weight of silver than the pure salt, and the application of a 
corirespondingcorrection would lead to lower molecular weight for silver 
cyanide and consequently a lower equivalent for cyanogen. The uncer- 
tainty arising from this cause was removed by obtaining directly the 
silver val e of the bromide used. Varying quantities of carefully pre- 
pared silver were dissolved in nitric acid, purified in the manner 
described above, and titrated with the bromide in question in the usual 
way. In experiment A, the silver used had been obtained by the 
r^^ion of a solution of silver and copper nitrates by means of 
^ stdphite, Stas* directions concerning the method being 

smmprdoiBdy followed. Before the final weighing, the silver was 
heated in a cbver^' Crucible over a Bunsen burner. ► 

In ex^rimeht a of the last fraction of silver prepared 

by the same method, but obfaihed heating the s^^^ was taken, 
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heated to redness for some hours in a current of dry hydrogen (evolved 
by dropping water upon sodium), and allowed to cool, the gas still 
passing. This precaution was taken in order that all possible occluded 
oxygen might be removed from the silver. 

In experiment 0, the same sample of pure silver was used as in 
experiment B, but instead of being heated in hydrogen was simply 
heated in the flame of an alcohol burner in a covered crucible. The 
bromide used was heated in a current of dry air in a tube provided with 
a ground cap before being weighed, to insure its thorough freedom from 


moisture. 

"Wt. of KBr 

Equivalent of 

Wt. of KBr per 


taken. 

Ag. 

100 of Ag. 

A. 

9-40336 grams 

8*52439 grams 

110*311 

B. 

8-63900 „ 

7-83113 „ 

110*318 

0, 

9-84460 „ 

8-92422 „ 

110*312 



Mean.... 

.. 110-313 


The author has much pleasure in expressing his indebtedness to 
Professor Dewar for much kindly criticism and advice, and for the 
great interest he has taken throughout this investigation. 


XIIL — Formation of a- and ^-Acrose from Glycollic 

Aldehyde. 

By Henry Jackson, B.A., Fellow of Downing College, Cambridge. 

Glycollic aldehyde, first obtained in a dilute aqueous solution by 
Fischer and Landsteiner (Per., 1892, 25, 2549), was shown by these 
authors to lose its power of reducing Fehling’s solution in the cold 
after treatment , with 1 per cent, aqueous caustic soda at 0° for 15 
hours. If the condensation product, after acidification with acetic 
acid, was heated with phenylhydrazine acetate on the water-bath for 
8 hours, a crude osazone separated out which, after purification with 
ether and crystallisation, first from hot water and finally from dry 
benzene, gave a pure osazone which melted at 166 — 168° and had a 
composition very similar to that required for tetrosazone. 

In 1897, Fenton found (Trans., 71, 375) that when glycollic aldehyde 
in the form of a syrup is heated at 100° under very diminished pre^ 
sure, it undergoes condensation, and by fractional solution with 
absolute alcohol he obtained a sparingly soluble portion which, bn 
treatment with phenylhydrazine acetate, gave a normal hexosazone. 
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In a communication to the British Association this year, it was 
shown by Fenton and the author that if a dilute aqueous solution of 
glycollic aldehyde, prepared from dihydroxymaleio acid (Fenton, 
Trans., 1895, 67, 778) or glycol (Fenton and Jackson, Trans*, 1899, 
76, 2), is treated with dilute solutions of sodium or calciuth hydr- 
oxides at the ordinary temperature of the laboratory (about 
quickly undergoes condensation, losing its power of reducing Fehll^^ 
solution in the bold and of restoring the colour to an alcoholic solu- 
tion of magenta, which had been decolorised by sulphur dioxide. 
After neutralising the product with acetic acid and warming on the 
water-bath for 3 — 4 hours with phenylhydrazine acetate, a beautiful, 
yellow osazone separated out on cooling, which, after crystallisation 
from boiling water, and afterwards from benzene and from ethyl acetate, 
melted sharply at 158°, and on analysis was found to be a normal 
hexosazone. Its melting point and action towards solvents pointed 
to its identity with ^-aorosazone which Fischer and Tafel obtained 
from the condensation product of glycerose 1887, 20, 3384). 

Considering the readiness with which the condensation by alkalis 
took place at the ordinary temperature, ' it appeared to the author 
that it would be interesting to repeat the experiments conducted by 
Fischer and Landsteiner, and, with Mr. Fenton's approval, this has 
been done. 

Action of Dilute Caustic Soda Solution at 0°/cw Hours. 

The details of the experiment were briefly as follows : — Pure 
glycollic aldehyde was diluted with distilled water until a solution 
containing 3 ‘ per cent, of the aldehyde was obtained, the strength 
being determined by Fehling's solution, as the reducing power of the 
pure aldehyde is known (Trans., 1899,75, 579). To the solution, 
cooled to 0°, dilute caustic soda solution of known strength was added 
until the mixture contained 1 per cent, of the alkali. The combined 
solutions were then kept at 0° for 16 hours, when it was, found that 
the liquid, which was originally colourless, had become orange-yellow. 
It still had the power of reducing Fehling's solution in the cold, 
although not so strongly as glycollic aldehyde, and also of restoring 
the colour to decolorised magenta solution. 

After neutralising the condensation product with acetic acid, phenyl- 
hydrazine acetate was added in excess, and the mixture allowed to 
stand for 1 2 hours. The solution was then filtered and heated on the 
water-bath at 100^ for 4 hours ; longer heating was not found to 
materially increase the yield, whilst the osazone was far more resinous. 
After cooling and standihg, a bulky, dirty yellow osazone separated 
out, which, after removal by filtration and drying in the air, was 
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rubbed with small quantities of dry benzene to remove the resinous 
matter, and then warmed with 50 times its weight of dry benzene. 
As only about half was soluble, the solution was quickly filtered on 
the pump from the sparingly soluble portion. The benzene solution, 
on standing, deposited a flocculent mass of yellow needles, which were 
collected and examined. 

Fart soluble in Benzene . — After being recrystallised from hot water 
and dried in the air, this fraction was crystallised twice from the 
least possible amount of boiling dry benzene. It was thus obtained 
as a mass of fine needles which melted sharply at 167°, and on analysis 
gave the following numbers, proving it to be tetrosazone : 

0-1230 gave 0-2893 COg and 0*0672 HgO. 0 = 64*16 ; H = 6*07. 

0-1452 „ 0-3409 002 „ 0*0785 HgO. 0 - 64*03 ; H = 6-01. 

0*1710 „ 27*5 c.c. nitrogen at 19° and 768 mm. N — 18-60, 
requires C « 64*43 ; H = 6*04 j N = 18*9 per cent. 

These numbers agree closely with those obtained by Fischer and 
Landsteiner, and it would appear that tetrose is undoubtedly one of 
the condensation products of glycoilic aldehyde. 

Fa/ti apcuringly soluble in Benzene . — ^This portion was again boiled 
with small quantities of dry benzene to remove all traces of tetr- 
osazpne. The osazone was dried in the air, and finally at 10.0°; on 
analysis, it gave the following numbers : 

0-1484 gave 0-3270 COg and 0*0854 HgO. C= 60*23 ; 6*37. 

0*1660 „ 0-3656 CO2 „ 0*0893 HgO. 0 = 59*91 ; H = 5-98. 

0*1120 „ 15-06 c.c. nitrogen at 14° and 749 mm. = 15*80. 

requires 0= 60*33 ; H= 6*16 ; N = 15*64 per cent. 

It was evident from these numbers that the substance was either a 
hexosazone or a mixture of liexosazones. It was therefore warmed 
with 10 times its weight of ethyl acetate, when only a portion dis- 
solved ; the insoluble part was removed by filtration, and on standing 
a mass of yellow needles crystallised out from the solution; this 
was recrystallised from hot water and finally from ethyl acetate. 
The osazone melted sharply at 168°. On analysis, the following 
numbers were obtained ; 

0*1380 gave 0*3042 OOg and 0*07 46 HgO. C = 60*12 ; H = 6*02 per cent. 

The osazone dissolves sparingly in ether or benzene, but easily 
in ethyl acetate, and is soluble in hot water. The analytical results, 
melting point, and action towards solvents point to its identity with 
^•acrosazone. 

The portion sparingly soluble in ethyl acetate was left as a greenish- 
yellow powder. This was washed with small quantities of hot absolute 
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alcohol, and then crystallised from 95 per cent, alcohol. The osazone 
which separated out was next crystallised from 98 per cent, alcohol, 
and finally from hot absolute alcohol, in which it was sparingly soluble. 
It was thus obtained as a mass of yellowish needles, which were dried 
in the air and melted at 208 — 210° On analysis, it was found to be 
a normal hexosazone : 

0*1120 g^ve 0*2814 COg. 0 = 60*42 per cent. 

The melting point and sparing solubility towards solvents would, 
point to the substance being obtained by Pischer and 

Passmore from ^^formose^’ 1889, 22, 359), and by Fischer and 

Tafel from the condensation product of ‘‘glycerose (ftr., 1887, 20, 
3384). 

It would therefore seem that the condensation of glycollic 
aldehyde by dilute soda at 0°, if continued for a short time, results in 
the formation of tetrose and of a- and ;8-acrose. The power which 
the product has of reducing Fehling’s solution in the cold is probably 
due to tetrose, as it has been shown that the dilute aqueous solution 
of tetrose obtained by the oxidation of erythritol is able to effect the 
reduction in the cold (Fenton and Jackson, Trans., J899, 76, 1), 
whereas the two hexoses only bring this about on warming. 


Action qf DUvM Gamtio Soda Solution at 0° for 2 Days, 

In the next experiment, the condensation was allowed to go on for 
2 days; the solution was then found to reduce Fehling’s solution in 
the cold, but only to a very slight extent. It was neutralised with 
acetic acid, heated with phenylhydrazine acetate as before and 
the crude osazone rubbed with dry benzene. On heating with a 
large quantity of benzene, only a very small portion dissolved, the 
major portion being very sparingly soluble in this solvent. From the 
benzene solution, a small quantity of a bright yellow, crystalline 
osazone was obtained which, after drying, melted at 157°, and gave 
on analysis the following numbers, indicating that it was a mixture 
of tetrosazbne with a hexosazone ; 

0*1635 gave 0*3725 COg and 0*09 HgO. C = 62*12 ; il=» 6*11 per cent. 

By fractionation with dry ether, it was separated into two portions, 
tetrosazone being readily soluble whilst pure ^-acrosazone is only very 
sparingly soluble in this solvent. The portion soluble in ether melted 
at 166°, and on analysis gave numbers corresponding to those 
required for tetrosazone : 

0*0930 gave 0*2175 COg. G ~ 63*86 per cent. 
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whilst the sparingly soluble portion melted at 157° and on analysis 
gave numbers corresponding to those required for a bexosazone. 

0*1103 gave 0*2233 COg. 0 = 60*7 per cent. 

The major portion of the condensation product, namely, that spar- 
ingly soluble in benzene, was found on analysis to be a bexosazone, 
and was separated in the manner previously described into 
jS-acrosazone melting at 158°, and a-acrosazone melting at 208° 

Action of Dilute Caustic Soda Solution at 0° for 6 Days. 

In the final experiments, the condensation was allowed to proceed 
until the solution did not reduce Pehling’s solution after standing for 
half an hour in the cold. This was found to be case after the dilute 
aqueous solutions of glycoUic aldehyde and caustic soda (1 per 
cent.) had remained at 0° for 6 days. The solution was neutralised 
with acetic acid and warmed with phenylhydrazine acetate as before. 
On boiling with benzene, only a small quantity dissolved, and this 
crystallised out as a mass of yellow needles which melted at 158° and 
on analysis was found to consist of j5-acrosazone mixed with a trace of 
tetrosazone. 

0*1185 gave 0*2614 COg. 0 = 60*60 per cent. 

The major portion was, as before, separated into a- and j8-acros- 
azones. It would therefore seem that the tetrose formed by the con- 
densation of glycollic aldehyde is unstable in the presence of dilute 
alkalis, and this view is emphasised by the fact that in the condensa- 
tion at the ordinary temperature no tetrose could be found. 

Glycollic aldehyde is the last member of the series of aldehydes 
from which synthetical hexoses can be obtained 3 the formation of 
a- and ^-aorose by its condensation is of much interest, as Fischer 
' and his pupils have previously shown that the same sugars are formed 
by the condensation of formaldehyde and of glycerose. 

Universjty Ohbmioal Labosatoby, 

Cambridge. 
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XIV . — Substituted Nitrogen Chlorides and their Relation 
to the Substitution of Halogen in Anilides and 
Anilines. Part II. The Trichlorophenyl Acyl 
Nitrogen Chlorides. 

By F. D. Chattaway and K. J". P. Orton* 

It has recently been shown by the authots (Trans., 1899, 76, 1046 ; 
JBer,, 1899, 32, 3573) ^ that substitution of chlorine and bromine in 
formanilide, acetanilide, and benzanilide is not a direct process, but 
that nitrogen chlorides and nitrogen bromides are first formed and 
subsequently undergo isomeric change. Thus, 2:4: 6-tribromo- 
acetanilide, the ultimate product of the bromination of acetanilide, 
is the result of the following series of changes ; 

OeHs-FH-CO-CHs — CgHg-NBr-OO-OHs -f. OgH^Br^NH-OO-CHg 
^ CgH^Br -INBr-OO-CHg ^ CeHgBra-NH- CO-CHg 
CeHgBrg-NBr-OO-OHg OeHaBrg-NH-CO^OH,. 

The tribromophenyl acyl nitrogen bromides are formed with great 
ease from the corresponding tribromoanilides, and we find that the 
same is the case with the nitrogen chlorides. The present paper contains 
an account of the latter compounds and of jE^chlorbph6hyl benzoyl 
nitrogen chloride, which previously W^e ^re un^tble ta obtain pure. 
Tlhe^ ' bompiete the Airies bf nitrogbn bhlotfd^ diireotly deriyable 
from acetanilide. 

The trichiorophenyl hitrogea dhloiddes show in inbst jparticulAr^ l&te 
characteristic properties of the nitrogen halogen linking. They are 
well crystallised solids of low melting point, and dissolve readily in 
chloroform, but only sparingly in light petroleum, from which they 
can best be crystallised. They are, however, more stable than the 
corresponding mono- and di-chloro-derivatives, and the halogen can no 
longer be transferred to the ring, as this transference apparently 
occurs only when a para- or ortho-position relatively to the nitrogen 
is unoccupied. When these compounds are heated, isomeric change 
does not take place, but at a somewhat high temperature decomposi- 
tion ensues and a tarry mass is formed. 

* Since the publication of these papers, we find that we hare overlooked a paper 
by Slo^tson (Ber., 1895, 28, 3265), in which he has repeated Bender's work and also 
prepared Ihe nitrc^en cHorides of form- and benz-anilide and the nitrogen bromides 
of form- and acet-anilide by a method similar in principle to ours. He has, how* 
: ever, only obtained one compound, phenyl formyl nitrogen chloride, CgHs-NGl’CHO, 
in a pure state. We . extremely r^et omittm to refer to this work in what 
We thought was a complete list of papers on the subject. 
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tthe ease witli wliich the hydrogen attached to nitrogen is replaced 
by chlorine or bromine is in no way affected by the accumulation of 
halogen in the phenyl residue, and the conversion of 2:4: 6-trichloro^ 
acetanilide, for example, into 2 1 4 : ,6-trichlorophenyl acetyl nitrogen 
chloride takes place as readily as the corresponding replacement of the 
hydrogen attached to nitrogen in acetanilide itself. 

As a fuither proof that ^formation of a nitrogen chloride or brom- 
ide in every case precedes substitution of halogen in the ring, it is 
interesting to note that the degree of ease with which the trans- 
formation of any substituted nitrogen bromide or chloride is effected 
corresponds with the ease or difficulty with which this transformation 
product is directly formed. As is well known, substitution by chlorine 
in anilides and anilines is never so* easy as that by bromine * and 
our experiments show that the bromides are always transformed with 
much greater readiness than the corresponding chlorides. For ex- 
ample, the transformation of 2 : 4-dichlorophenyI acetyl nitrogen 
chloride can only be effected by heating under pressure in a sealed 
tube, whilst that of 2 : 4-dibromophenyl acetyl nitrogen bromide takes 
place easily when the compound is heated on a water-bath. - 

On warming a substituted nitrogen chloride with any dilute acid on 
which hypochlorous acid has no action, a certain amount of hydrol/sis 
always takes place, resulting in the regeneration of the anilide, libera- 
tion of chlorine, and formation of chloric acid. 

R-NCl-COR^ + HP = R-NH- GOR' + HOGL 

15H001 = lOHOl + 5HCIO3 = 6OI2 + SHClOa + 6H2O. 

This hydrolysis is much more marked with all the nitrogen bromides. 
It is also very noticeable in the case of the trichlorophenyl acyl 
nitrogen chlorides, but isomeric change takes place in most other 
nitrogen' chlorides too readily to allow of this action proceeding to any 
la^ge extent. 

The f^t that the halogen is directly attached to nitrogen in both 
the substituted nitrogen chlorides and bromides is shown by the 
exact correspondence of all the reactions which these compounds 
xmdergo'with those which nitrogen iodide exhibits under similar con- 
ditions, as in the latter halogen can only be attached to nitrogen. The 
reactions of nitrogen iodide are, in fact, typical of the linking between 
nitrogen and halogens* 

* As an illustration we may point out that 2 : 4 ; 6-trichloroacetanilide cannot 
he obtained under ordinary conditions by the direct chlorination of acetanilide, 
whilst 2 ; 4 ; S-tribromoacetamlide is the chief product when an acetic acid solutioa 
of acetanilide is heated with an excess of bronaine. 
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2:4: ^-TricMorophenyl Formyl Nitrogen Chloride^ CgHgOl^'NCl'CHO* 

This compound is easily prep ared by adding a slight excess of a 
solution of bleaching powder to 2 : 4 : 6-trichloroformanilide dissolved 
in warm acetic acid, and separates as an oil which quickly solidifies. It 
is readily soluble in chloroform or light petroleum (b. p. 80 — 100®), 
and crystallises from the latter in clusters of brilliant, white prisms 
with dorned ends ; it melts at 78°, and has all the characteristic 
properties of this group of compounds. 

0*3227 liberated I =24*92 c.c. NjlO iodine. . Cl, as INOl, = 13*68. 
C7H3ONCJ4 requires Cl, as IlNCl, =13*69 per eent. 

2:4: ^-TricMorophenyl Acetyl Nitrogen Chloride^ CgHgCIg'NCl’CO'CHg. 

This compound is prepared from trichloroacetanilide exactly as the 
last-mentioned substance. It forms small, white, glistening, prismatic 
crystals resembling cubes in appearance, and melts at 74° 

0*1982 gave 0*4146 AgCl. Cl = 51*72. 

C8H5ONOI4 requires Cl = 51 *94 per cent. 

It is a comparatively stable substance, and when heated in a 
capillary tube does not show any sign of decomposition up to 190°. 
When heated, however, for many hours at 140° in a sealed tube, 
decomposition takes place, and acetyl chloride, 2:4: 6-trichloroaniline, 
and 2: 4: 6-trichloroacetanilide can be recognised among the products. 

2 : 4 : %-lHiMorophmyl BmzoyX^ii/rogen CUoride^ CgHgOlg’lNCl'OO* CgH^, 

This substance is prepared from trichlorobenzanilide by the method 
described above. It crystallises singularly well in short, thick, lustrous 
prisms terminated by pyramids, and melts at 89°. As in the pre- 
ceding cases, a ne4rly theoretical yield of this chloride is obtained. 

0*3062 liberated 1= 18*3 c.c, NflQ iodine. Cl, as *.N*C1, = 10*59, 
O13H7ONOI4 requires Cl, as IlfCl, = 10*58 per cent. 

■^en warmed with alcohol, this nitrogen chloride behaves like all 
the others (compare he, dt,)^ and passes quantitatively back into 
2:4: 6-tricliIorobenzanilide, ethyl hypochlorite which decomposes into 
aldehyde and hydrochloric acid being also formed. 

Nitrogen CJdoride, C^H^Cl^NOhOO-C^Hg. 

The preparation of this compound is rendered difficult by the 
Sparing solubility of pchlorobenzanilide, and at first (Zoc. cit,) we were 
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not able to obtain it except mixed with 2 ; 4-dichlorophenyl nitrogen 
chloride. 

It can, however, be prepared by using a hot alcoholic solution of 
the anilide, and allowing this to run slowly into a large excess of a 
solution of potassium ».hypochlorite containing potassium bicarbonate 
well cooled by a freezing mixture. Under these conditions, the nitrogen 
chloride suffers no transformation or decomposition, provided an excess 
of hypochlorous acid is always present, and the temperature not 
allowed to rise above 0° until the product is filtered off from the 
solution containing the alcohol. 

jp-Chlorophenyl benzoyl nitrogen chloride forms glistening, short 
prisms with domed ends, and melts at 79'5°. 

0*3574 liberated 1-26*65 c.c. if/lO iodine. Cl, as rjSTCl, - 13*24. 

OigH^ONOlg requires Cl, as INCl, — 13*34 per cent. 

On allowing a solution in glacial acetic acid to stand for some time 
well formed crystals of 2 ; 4-dichlorobenzanilide slowly separate. This 
is often a very convenient method of effecting the transformation of 
nitrogen chlorides into the isomeric chloroanHides. 

Chbmioaii Laboeatokt, 

St. Baetholombw's Hospital, E.C. 


XV . — The Decomposition of Chlorates, mth Special 
Reference to the Evolution of Chlorine and Oxygen. 
Part I. 

By William H. Sodeau, B.Sc. 

The ultimate object of this investigation is to ascertain the mechanism 
of the changes which take place when various chlorates are heated. 
These changes yield (in general) perchlorate, chloride, oxide, oxygen, 
and chlorine, but the relative proportions are known to vary very 
greatly with the nature of the base and with the mode of decom- 
position. 

The present paper contains an account of experiments with barium 
chlorate and potassium chlorate, but other chlorates are being inves* 
tigated, as also the mode of action of certain substances which 
facilitate decomposition. Throughout the paper, experiments ar^ 
numbered in the order in winch tbey were j)erforme<}t 
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Experimental. 

I. Evolution of GMorine from Barium Chlorate, 

‘‘Pure” barium chlorate of commerce was found to be neutral and 
free from strontium and calcium, but contained traces of dust and of 
chloride j after separating barium with sulphuric acid, the filtrate left 
only a trace of residue on evaporation. The salt was purified by 
careful recrystallisation, drained on a perforated porcelain plate (to 
avoid fibres of paper), and dried at 135^ after powdering. Barium 
chlorate, unlike the potassium salt, has but little tendency to creep or 
spirt when decomposed ; some care is necessary in order to ensure its 
regular decomposition, as a rise of temperature may render the action 
violent, the mass becoming red hot. The influence of variations of 
temperature upon the rate of decomposition of the salt at atmospheric 
pressure has been investigated by Potilitzin (/. Buss, Ohem. Soc., 1887, 
[1], 339 j Ber., 1887, 20, Ref. 769). 

Mode of Decomposition at vcurious Pre8sures,~JL weighed quantity of 
the substance, usually 1 gram, was placed either in a soda-glass tube 
of 15 mm. bore closed at one end, or else in a platinum crucible con- 
tained in a closely fitting tube of about 28 mm. bore. The tube was 
then* sealed on to a narrow one bent twice at right angles and ground 
into an absorption tube. When practicable, the gas was thus passed 
through pure potassium iodide solution (to which traces of iodine had 
been added until starch gave a faint coloration), and the liberated 
iodine was titrated with thiosulphate.* In the late? experiments at 
1 inm. pressure, the chlorine was retained by. potassium iodide dis- 
solved in glycerol and distributed over glass beadA It will be shown 
that the amount of free chlorine must be found by examination of 
the residue. 

Two decomposition tubes and a thermometer were usually clamped 
side by side in a bath of melted pewter, one tube being at atmospheric 
pressure and the other connected to a Geissler mercury pump having 
a bulb of 630 c.c. capacity, the upper neck of this being calibrated, in 
order that the pump might he used as a McLeod gauge j the mercury 
manometer was only relied on when the pressure amounted to several 
mm. The evolved oxygen was always roughly measured by displace- 
ment of water in order to observe the progress of the decomposition. 
Bdfore i^ising the temperature to the decomposition point, the last 
trac^ of water were removed by heating the chlorate to about 300® 
for some time, the tube was then twice exhausted, dry air free from 
carbon dioxide being admitted. It was not found practicable to 

* The potassitim iodide did not become alkaline ; there vas thus no evidence of 
the fonnatidn of o^^ne ur of of chloiine. 
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employ a constant temperature, for in order to avoid violent action at the 
commencement and yet complete the decomposition in the course of a 
few hours, it was necessary to gradually raise the temperature of the 
hath through 70° or more. The decompositions under reduced pres- 
sure took place, in general, at lower temperatures than those at 
atmospheric pressure, as equality in temperature would have necessi- 
tated a great difference in the duration of the experiment, owing to 
the marked manner in which reduction of pressure facilitates the 
decomposition, as shown in section III. 

Absorption of small amounts of Ohhrine by Heated Glass. — ^This was 
discovered by comparing the results of a few decompositions at 10—16 
mm. with those at atmospheric pressure. Each decomposition lasted 
about two hours, and afterwards the residue and the contents of the 
absoi’ption tube were titrated with hydrochloric acid and, thiosulphate 
respectively. The original substance was perfectly neutral, and the 
standard solutions had been compared with each other by means of 
iodide and iodate of potassium. 

Whether the substance was in a platinum crucible or placed directly 
in the tube, the amount of oxide in the residue, that is, its alkalinity, 
was but little influenced by the pressure, hence about the same amount 
of chlorine is evolved at 10 — 15 mm. and at atmospheric pressure. At 
10—15 mm., the amount of chlorine reaching the potassium iodide was 
rather less than that lost by the residue^ but at atmospheric pressure 
the contents of the absorption tube indicated no free chlorine, although 
sensitive to 1 drop i7/1000 iodine ; on the other hand, the residue 
neutralised, for example, 6 c.e, of iVyiOOO acid. It is thus evident 
that the chlorine had been absorbed by the heated glass. This absorp- 
tion is lessened by reduction of pressure, or by passing a current of 
air, free from moisture and carbon dioxide, through the tube j treat- 
ment of the glass with steam is not an effective remedy. 

Examination of the Residues. — Some experiments were conducted in 
order to ascertain the best method for titrating the oxide in the 
residue, this appearing to be the only reliable measure of the chlorine 
evolved. Phenolphthalein in the cold was found to be the most 
suitable indicator, as the large amount of barium chloride prevented 
the utilisation of the reaction between a dight excess of acid and a 
mixture of iodate (the iodine) and iodide of potassium to be titrated. As 
the total alkalinity is extremely small, it is Important to avoid un- 
necessary dilution and to carefully guard against the presence of 
carbon dioxide. All the water used was boiled in a vacuum, and after 
this treatment 10 c.c. gave a pink coloration with phenolphthalein 
and O'l c.c. of i\r/1000 baryta j the burettes were provided, with guard 
tubes containing soda lime. Becinormal hydrochloric acid ^as 
diluted to A/500 as required for use, the dilute baryta being titrated 
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against tUs in the cold and then boiled with excess in order to ascer- 
tain the slight correction for carbonate present. In an estimation, the 
residue was dissolved in a slight excess of ir/500 acid, boiled, quickly 
cooled in a desiccator containing soda-lime, and the excess of acid 
titrated with baryta; more acid was then added and the process 
repeated, in order to ensure the complete decomposition of any car- 
bonate formed. This method was carefully tested and found to work 
well ; owing to the dilution, there was no loss of acid on boiling nor 
were the titrations affected by addition of barium chloride or of 
neutralised barium peroxide. 

To ascertain whether the presence of a trace of moisture during 
decomposition would introduce any considerable error, about 5 grams 
of [finely powdered neutral barium chloride were introduced into a 
glass tube, a few drops of distilled, water added, and the neck drawn 
out ; this tube was placed in the bath during a slow decomposition 
(expt. 35) and the barium chloride heated in water vapour mixed with 
air for about 4 hours at 360 — 400° and then for 2 hours at]400 — 480°. 
The alkalinity corresponded to the loss of only 0*035 per cent, of the 
chlorine present, so that the precautions adopted to remove moisture 
appear to have been more thorough than was really necessary, the 
effect being small in comparison with the amount producing it. 

Portions of several residues were examined for barium peroxide by 
adding 1 c.c. of JVyiOOO permanganate to the solid, then a sufficiency 
of hydrochloric acid, and some potassium iodide. On titrating 

the liquid with thiosulphate, the volume required was usually rather 
less than in blank experiments, but the difference was too small 
to afford satisfactory evidence of the presence of barium peroxide ; 
the proportion in the final residue must therefore be exceedingly 
small ; this may, perhaps, be accounted for hy the high temperature 
at the end of the decomposition, 

Decompositim of the Chlorate (see Table I). — Experiments made 
simultaneously in the same bath have been distinguished from each 
other by the letters a, 5, and c. Those in contact with platinum 
took place in narrow platinum crucibles, each enclosed in a glass 
tube and covered with an overlapping split cone of platinum foil, 
the object of the cover being to prevent surface cooling and to 
retain any splashes ; each crucible was used "at atmospheric and 
. reduced pressures alternately, in order to eliminate any possible 
diffe^nce between the pair. In 31a, some pieces of glass tube were 
placed in the crucible, but neither in this experiment nor in the 
■ glass tubes was there any indication of action 

between &ec^ 

It was n^^ssaiy that the decompositions should last some hours 
when the |n*essui*e wae W^^^W mm. by means of the 
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mercTiry pump. At this pressure, the substance decomposed so much 
more readily that the temperature was at no stage raised to the 
fusing point of the mixture then present ; at higher pressures, the 
mass always fused. 

Where the duration is given as 0*6 minute, the decomposition 
was of a violent character, the mass becoming red hot. In expt. 47, 
the substance was dropped little by little into the already heated 
crucible (without the cone) ; the temperature would not rise so high 
as in the experiments just referred to, so this comes between the 
two other classes of experiments at atmospheric pressure. In the 
rapid decompositions, the amount of chlorine reaching the potassium 
iodide was comparable with that lost by the residue. 

This series of experiments indicates that the proportion of free 
chlorine increases with the temperature, but is probably not afected 
by variations of pressure, as some allowance has to be made for the 
accompanying change of temperature (see theoretical part). 

Decomposition of a Mixture of Bmrium GhZoride amd Chlorate , — 
H. Schulze (J1 pr, Chem,, 1880, [ii], 21, 407) found that barium 

Tai»e I. — Ba/tium chlorate. 


No. 

In contact 
with 

Pressure. 

Duration 

(minutes). 

AT/IOOO 
H01C.C. 
per gram. 

01 

evolved 
(total = 
100). 

Mols. chloride 

Mols. oxide. 

29c 

Glass 

1 atmosphere 

0-6 

48*8 


134 

31& 

Platinum 

31 


41*3 


158 

46 




49*2 

0*76 

132 

47 

»> 

31 

* 

32*8 


199 

33 

Platinum 

1 — 2 mm. 


4*0 

iiiB 

1640 

S4ct 


2 mm. 

230 

4*9 



35a 

■ >> 

1 mm. 


4*2 


1660 

29a 


10 — 15 mm. 

140 

5*0 


1810 

32a 

Glass 

10 — 15 mm. 

345 

4*7 

0-078 


m 

Platinum 

1 atmosphere 

140 

5*5 

0*082?^ 

1190 

845 

>r 

39 

250 

6*1 



355 


33 

340 

7*4 

0*112 

890 

45 

39 

31 

50 

5*0 


1310 

81a 

Pt. and glass 

)) 

90 

7*3 

0*111 

902 

445 

Glass 


120 

6*0 


1090 

44a 

Glass and BaClg 

1 atmosphere 

120 

5*6 


1170 

42 

Pt. 4nd BaClg 

» • 

300 

6*4 



43 

>> 

33 

180 

4*7 


1870 


Rapid decomposition in small portions. 
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chloride reraained perfectly neutral when heated to redness in dry 
oxygen, hut supposed it to be partly converted into oxide by nascent 
oxygen when heated with potassium chlorate ; the latter conclusion 
is traversed at the end of section III. The employment of barium 
chlorate avoids the possibility of double decomposition. 

Some reerystallised barium chloride was roughly dried, finely pow- 
dered, and then dried at 155 — 160°, still remaining neutral. Mixtures 
having the composition Ba( 0103)2 + 2 BaOl 2 were decomposed at at- 
mospheric pressure in the same manner as the chlorate alone. It will 
be seen from Table I (p. 141) that the amounts of chlorine (or oxide) 
obtained from such mixtures agree with those obtained without added 
chloride, although the average amount of chloride present was then 
only one-fifth. It is thus evident that the added barium chloride 
was not attacked by the decomposing fused chlorate or by any of the 
products. 

II. Decomposition Products oj Potassium Chlorate. 

Several chemists have shown that pure potassium chlorate yields 
no free chlorine when decomposed in a platinum vessel under atmo- 
spheric pressure. On the other hand, Williams has stated (Proc., 1889, 
5, 26) that the theoretical amount of oxygen was not obtained by 
heating the chlorate in a vacuum, that a gas, presumably chlorine, 
was given ofi which attacked mercury, and that the residue, there- 
fore, probably contained peroxide. 

The potassium chlorate used for the present work was obtained by 
'^repeated recrystallisation of the ‘‘pure’* salt of commerce; special 
. precautions were taken to avoid dust, &c,, and the substance was 
finally dried at 115° after powdering. All the experiments with the 
substance in contact with glass were made before barium chlorate 
had been studied. Preliminary experiments indicated the absence of 
any considerable evolution of chlorine even when the pressure was 
reduced to a small fraction of a millimetre. 

Decomposition with Chlorate in contact with Glass. — Portions weigh- 
ing from 1 to 1*5 grams were decomposed in tubes of soda glass, 
Bohemian (combustion) glass, and Jena glass ; the arrangement re- 
sembled that used for barium chlorate, but the tubes were heated either 
by radiation from an empty crucible or directly by means of a Bunsen 
bumete provided with a chimney. The decompositions took place 
and the results are given in Table II (p, 144)^ 

the amounts of free chlorine were very 
smalii chlorate had been 

Inv^ti^tad^ wak that the differences in experiments 

19---22 indicafed^ i^^^^^ tihder reduced pressure; 
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they are now regarded as showing that, at atmospheric pressure, the 
heated glass absorbs about 90 per cent, of the chlorine liberated by 
the action of the glass. The reabsorption of chlorine would {ccstens 
paHhus) vary with the time of contact multiplied by the pressure 
(concentration) of the gas; this factor is given in the fifth column of 
Table ir. 

The amount of chlorine evolved seems to vary with the nature of 
the glass and with the mode of heating ; the largest amount is obtained 
with Jena glass, its highly silicated nature probably causing a greater 
expulsion of chlorine and less reabsorption. It will be noticed that 
the heat of a flame seems to give rise to more action on the glass than 
the more evenly distributed radiation from a crucible ; in either case, 
the greater part of the chlorine was evolved towards the end of the de- 
composition, when the temperature was sufficient to soften soda 
glass. 

It has been repeatedly shown that potassium chlorate yields no free 
chlorine when decomposed at atmospheric pressure, yet in this series 
the largest amount was obtained in experiment 14; it is thus clear 
that the experiments of this series lead to fallacious results as 
regards the evolution jof chlorine in the decomposition of the chlorate. 

Decomposition in Flatikvm . — Except as indicated, the apparatus 
was identical with that used for barium chlorate. In the first pair of 
decompositions, the substance was decomposed in two narrow platinum 
crucibles each enclosed in a tube of Jena glass, one being kept at 
10 — 15 mm. and the other at atmospheric pressure. The residues in 
the crucibles 'were neutral to phenolphthalein, but in each case some 
of the substance had reached the glass; this will account for the 
gas liberating a trace of iodine from the potassium iodide solution. 
On account of the tendency for potassium chlorate to creep and 
spirt, this series was not completed until after barium chlorate had 
been investigated and the best conditions ascertained. 

In the final two pairs of decompositions, 40 and 41, each crucible 
contained 1 gram of potassium chlorate, and was covered with a piece 
of platinum foil bent round so as to form an inverted cone. The bath 
was kept at just over 400® for half an hour to drive off the last traces 
of moisture, and the tubes were then twice exhausted to 4 mm., dry 
air being admitted. The residues gave no pink colour with phenol- 
phthalein even after boiling and cooling. A similar volume of water 
gave a very distinct pink with phenolphthalein and 0-1 c.c. of A/SOO 
sodium carbonate, corresponding to 0*007 milligram of chlorine or 
0*002 per 100 parts present. If, therefore, chlorine is evolved either 
at atmospheric pressure or at 1 mm., the amount cannot exceed this 
proportion. Determinations of free chlorine are evidently fallacious 
whep the substance comes in contact with glass. 
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Table II. — Potassium chlorate. 


No. 

In contact 
with 

Pressure. 

Duration 

(minutes). 

Duration 

X pressure. 

Mode of 
heating. 

A 71000 

C.C. per 

Cl 

ohtaified 
per 100 
parts 







gram. 

present. 

13 

Jena glass 

10—15 mm. 

120 

1-9 

Flame 

1*4 

0-017 

14 


1 atmosphere 

35 

35 

33 

6*0 

0-074 

23 

9> 


50 

50 ! 

Crucible 

0*5 

0*006 

15 

Soda glass 


10 

10 

Flame 

0*6 

0*007 

18 


3 3 

25 

25 

Crucible 

0*12 

0*0014 

16 

Bohemian 

33 

12 

12 

Flame 

0-4 

0-0047 

22 

fi 

33 

100 

100 

Crucible 

0*15 

0*0018 

10 

33 

10—16 mm. 

100 

1*6 

,} 

1*6 

0*019 

20 

33 

33 

150 

2*4 

33 

1*2 

0*016 

21 

33 

33 

150 

2*4 

33 

1*3 

0-016 

iOa 

Platinum 

1—2 mm. 

240 

0*5 

\ 


Much less 
than 0*002 
liberated 

Ua 

3 3 

1 mm. 

380 

0’4 

(Melted 


m 

ilb 

33 

33 

1 atmosphere 

33 

240 

330 

240 

330 

j pewter 



When either Bohemian combustion or soda glass was used, the first 
half of the gas contained only an infinitesimal amount of chlorine. 


111. Experiments connected with the Rats of Decomposition, 

The mode of working was similar to that described on p. 138, 
potassium nitrate being occasionally substituted for metal in the bath on 
account of its traiflsparency. The evolved oxygen was measured by 
displacement of water, or by collection over water in a graduated 
tube 3 in most experiments, the loss of weight was also determined. 
Potassium CMorats under Reduced Pressure. — ^Teley (PhU. Trans.y 
1888, Pt. I. 282) has shown that the early stages of the decomposition 
are not influenced by reduction of the pressure to 20 mm., and the 
experiments described in section II appeared to indicate that variations 
of pressure had no influence upon the rate at any stage of the 
decomposition. This was more exactly proved by decomposing equal 
wmghts in a pair of similar bulbs, and, although one was at 1 
. and other at atmospheric pressure, the volumes of oxygen evolved 
frotu ^tber agreed as well as could be expected during the whole of 
the six hours required for complete decomposition. This would seem 
^ indicate of perchlorate is not greatly affected 

by vaiiataon of pl^^urO^" a^ othermse a marked difference would be 
expected in "^he latter part of the decomposition. 
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Barium Chlorate under Reduced Freaeure, — In this case, the previous 
experiments (section I) had indicated a very considerable facilitation 
in the evolution of oxygen, resulting from reduction of pressure. 
This has been confirmed by decomposing equal weights in paired bulbs. 
The temperature was kept fairly uniform during the first part of the 
decomposition, but was afterwards raised ; readings were taken every 
five minutes. The general character of the results is indicated in the 
table. 


Time. 

0 evolved (totals: 100). 

Time. 

0 evolved (total=100). 

At 1 atm. 

10 — 15 mm. 

At 1 atm. 

1 mm. 

45 mias. 

6*2 

22‘2 

80 mins. 

1*6 

247 

60 „ 

18*6 

41*5 

140 „ 

4*7 

87*7 

75 „ 

22*9 

557 

200 „ 

101 

41*9 

90 „ 

317 

69-2 

260 „ 

20*2 

45-6 

160 „ 

49-1 

60-5 

320 „ 

39*9 

49-1 

815 „ 

67-5 

85-5 

400 „ 

43*7 

52-6 




490 „ 

45*9 

70-3 


In the experiment recorded to the left, the temperature of the bath 
was about 380® (corr.) during the first 160 minutes ; decomposition was 
practically complete (31*6 per cent, oxygen) after 400 minutes at at- 
mospheric pressure, or 345 minutes at 10 — 15 mm. In neither experi- 
ment was there any definite break in the decomposition; further 
work will therefore be required in order to ascertain the infl uence of 
variation of pressure upon the proportion of perchlorate. 

Effect of Barium Chloride ontM Decompoaition of Barium Chlorate , — 
The experiments described in the latter part of section I had shown 
that the presence of the chloride caused a marked retardation, as the 
temperatures of the bath had been higher than when barium chlorate 
was decomposed alone. The following table gives examples of the 
proportions of oxygen evolved during the decomposition of equal 
weights of barium chlorate alone and mixed with two molecular 
proportions of the chloride. Paired glass bulbs were used, and the 
total oxygen taken as 100. 


Minutes. 

80. 

40. 

60. 

60. 

66. 

70. 

85. 

100. 

no. 

120. 

Ba/C10fl)o 

m 

26 *4 

38 *8 

45*9 

60*7 

m 

56*6 

73 •» 

95*9 

m 

Ba(010s)2+2BaCl2 ... 

4*9 

6*6 

107 

13*2 

26*2 

1 

52*5 

70-5 

96-7 

i 

100 


The temperature of the bath was progressively raised ; during the 
first part of the decomposition, the mixture did not reach a given J 











146 SOBEAIT: DECOMPOSITION OF CHLOEATES, WITH SPECIAL 

stage until the temperature was about 20® higher than when the pure 
chlorate attained the same degree of decomposition. It will be noticed 
that the chloride had very little effect after about half the oxygen 
had been evolved ; a fair amount of chloride had then been formed 
by decomposition^ and the temperature was much higher. Facilita- 
tion by reduced pressure and retardation by the addition of chloride 
may perhaps indicate an inverse action. 

Effect of Fotassium Chloride on the Decompodtion of FotassiumCMorate, 
—The two specimens of chloride used in these experiments were each 
prepared by decomposing some of the chlorate in a platinum crucible 
heated by a spirit flame. Equal weights of potassium chlorate, with 
and without addition of chloride, were decomposed in similar tubes ; 
the volume of oxygen was noted at intervals of 1 to 2 minutes. A 
very slight facilitation was observed ; taking the average of four pairs 
of decompositions, about one-third more oxygen was evolved in a given 
time when one molecular proportion of chloride had been added. 

Action of Seat on a Mixture of Fotassium Chloo^ate and Barium 
Chloride, — In this series of experiments, potassium chlorate and mix- 
tures having the composition represented by 2KCIO3 + BaOlg and 
Ba (0103)2 +2BaCl2 were heated in similar tubes, the quantities em- 
ployed containing equal amounts of oxygen. 

In comparing potassium chlorate with the mixture 2 K 010 g - 1 - BaOlg, 
the latter lost 59*1 per cent, of its oxygen in 35 minutes, but only 
Sniper cent, had been evolved from the pure chlorate ; in another 
experiment, the mixture lost 10*7 per cent, of its oxygen with more 
gentle heating for 46 minutes, but the pure chlorate had then under- 
gone no appreciable loss. Except in the early stages, the temperature 
required to produce a given rate of decomposition in this mixture 
is more or less comparable with that required for the mixture 
Ba(C108)2 + 2BaGl2, and about 60 — 60 ® lower than with potassium 
chlorate alone, although potassium chloride has but little effect 
and barium chloride markedly reiardB the decomposition of baiuum 
chlorate. 

Fused barium chlorate has but little solvent action upon barium 
chloride, but potassium chlorate readily dissolves half an equivalent 
of it; hence, when the mixture BaCl2 + 2K0103 is heated, about half 
the barium chloride at once goes into solution. Under these circum- 
stances, double decomposition must occur to a greater or less extent, 
and tiiie ease with \vhich the mixture is decomposed points to the 
continddus fbrinalion of barium chlorate, from which the oxygen is 
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Theoretical. 

The proportion o£ chlorine liberated during the decomposition of 
chlorates by heat depends mainly on the nature of the base and the 
mode of heating. In order to explain this, two theories have been 
suggested, Schulze {loo. cit.) supposed the chlorate to decompose 
entirely into chloride and oxygen, the chlorine resulting from the 
action of ‘‘ nascent oxygen upon the chloride. W. Spring and 
"Frost {Bull. Boo, Ghim.^ 1889, [iii], 1, 340), on the contrary, suggested 
that the chlorate decomposes entirely into oxide and chloric anhydride, 
ClgOg, the latter immediately breaking up into chlorine and oxygen, 
more or less of the chlorine then reacting with the oxide to form 
chloride with the liberation of more oxygen. 

It will be noticed that these explanations are in direct opposition, 
but in neither of the papers does there appear to be evidence that the 
suggested second action actually takes place under the conditions 
obtaining in the decomposition, nor does either deal with possible 
alternatives, of which there would seem to be two, namely, (1) the 
simultaneous formation of both oxide and chloride as direct products 
and: (2) the simultaneous action of chlorine and oxygen upon the 
residue first produced. s 

For the purpose of discussion, it is convenient to classify the 
different reactions which might give rise to the formation of oxide 
and chloride (evolution of chlorine and oxygen) during a decomposition. 
{a) Chlorate giving chloride and oxygen* 

(6) Chlorate giving oxide, chlorine, and oxygen. 

(c) Chlorate acting upon chloride with liberation of chlorine, 

{d) Oxygen and chloride giving chlorine and oxide, apart from 
reverse action (e). 

(e) Chlorine and oxide giving oxygen and chloride, apart from 
reverse action {d), 

(J) Bimultaneous action of oxygen and chlorine, as in (d) and {e) 
combined. 

Deeompoeition of Bmium. Chlorate, — ^Averaging three of the series of 
experiments given in table I, we obtain the following : 


Pressure. 

Duration 

(minutes). 

Duration x 
Pressure; 

Total C 

Free Cl. 

31=rl00 

Cl as chloride 
(by differ- 
ence). 

Mols. chloride 
Mols. oxide 

^ 1—2 mm. 

283 

0-5 


Mi 

mm 

1 atmosphere 

165 

166 





0-5 

0*6 


99 '296 

. . i 

■■ 
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The action between a gas and a solid is usually increased by rise 
of temperature, and increases with the time of contact and the con- 
centration of the gasj the two latter factors are included in the 
numbers given in the third column (duration multiplied by pressure 
in atmospheres)* According to Spring and Prost, the chloride is pro- 
duced by the action of chlorine upon the oxide first formed* Com- 
paring the slow decompositions at 1 — 2 mm. and at 1 atm., we find 
that a slight fall of temperature combined with a reduction of the 
time-concentration factor from 165 to 0’5 has very slightly inGreased 
the amount of chloride from 99*907 to 99*934 per cent, of the possible 
amount, instead of very greatly decreasing it. Hence the chloride 
must be formed in another way, and Spring and Prost^s theory does 
not hold for this chlorate. 

Any reabsorption of chlorine which occurs is evidently not com- 
plete at atmospheric pressure, and would be much less so when the 
concentration of the gas is reduced by expansion (compare the 
experiments proving reabsorption by heated glass) ; such reabsorp- 
tion therefore necessitates^an increase of free chlorine on reduction 
of pressure, but none occurs at 1 — % mm., hence reaction (e) cannot 
occur to an appreciable extent. It may be noted that both oxide 
and chlorine are very greatly dilated with chloride and oxygen 
respectively. Comparing the effect of rapid decomposition at 
atmospheric pressure with that of reduction of pressure to 1 — 2 mm;, 
we see that in either case the time-Concentration factor has been 
reduced to about 0*5, yet this change has been accompanied by a 
slight decrease of chlorine in the latter case, but by a sevenfold in- 
i^ease in the former. The increase with rapid decomposition must 
therefore be due to the great rise of temperature instead of to 
rapidity of removal of the gaseous products as supposed by Spring 
and ProSt. The increase does not really seem a necessary conse- 
quence of this theory, as the rapid formation of oxide would partly 
compensate for the decrease in the time, and the great rise of tempera- 
ture might even cause more complete absorption by accelerating the 
reaction between oxide and chlorine. It seems probable that the propor- 
tion of free chlorine is not affected by variations of pressure and that 
the slight decrease at 1 — 2 mm. is due to reduction of temperature* 
Schulze’s hypothesis cannot apply to barium chlorate, for it has 
heen ^own that no chlorine is expelled from barium chloride by 
bariuih ^shlorate or any of its decomposition products under the con- 
ditions aeti^y obt^ning during a decomposition. It has also been 
noticed that fest bullies of gas contained about the average 
piropprti<m<^ only traces of chloride had then been 

formed. cldbiide ex^^ reactions (e) and (d), and 

akbw tfcat, in this Case, eoinmd^ mth (e), which has also been 
excluded ; as chloride and oxide are actually formed, it is concluded 
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tliat reactions (a) and (h) occur during the decomposition, the average 
velocity of (a) being about 1000 to 1500 times that of (h) when the 
decomposition proceeds slowly, but at a higher temperature, when the 
decomposition is rapid, the ratio is only about 140 ; 1. These 
average velocities represent the number of molecules of chloride to 
each molecule of oxide. 

' From the heats of formation, we obtain : 

(a) 2Ba{C103)2 2BaCl2 + SOg + 438K. 

( 2 Ba(C 103)2 = 2BaO + 2 OI 2 + 5 O 2 - 972K. 
l 2 Ba(C 103)2 = 2Ba02 + 2Cl2 + 402-624K. 

% 

The result of rapid decomposition thus appears to be merely an 
example of an endothermic reaction (b) gaining upon an exothermic 
one (a) when the temperature is increased. 

Decomposition of Potassium GMorate , — In this case, the evidence is 
of a somewhat negative character, but as less than O’OOT milligram 
of chlorine is present in the 400 litres of gas (measured at about 
530° and 1’5 mm.) from 1 gram of the substance, it seems extremely 
improbable that any appreciable amount is evolved at first. The 
last stages of the reabsorption would be exceedingly slow, as the 
oxide would then have been all but completely transformed into 
chloride; in the final residue, less than 0*002 percent, of the potassium 
can remain as oxide. The improbability is increased by the fact 
that no such reabsorption was detected in the decomposition of 
barium chlorate at atmospheric pressure when the proportions of 
oxide and of free chlorine were respectively at least 50 times and 
25,000 times those just given for potassium chlorate. 

It appears that the direct decomposition into chloride and oxygen 
is the only one which need be considered, this proceeding at a rate 
at least 50,000 times as great as any reaction yielding chlorine. 

General Comiderations, 

The experiments in this paper, and some already performed with 
lead chlorate and calcium chlorate but not yet published, tend to 
indicate the general conclusion that when a chlorate is heated it 
undergoes two simultaneous and independent decompositions, {a) into 
chloride and oxygen, (5) into oxidcj chlorine, and oxygen ; it remains 
to be shown that this view will harmonise with the results of 
Schulze’s and of Spring and Frost’s experiments. In each of these 
papers, a point is made of the increase of chlorine with increase of 
weakness of the base; now as the affilnity for oxygen approaches that 
for chlorine, there would be more tendency for oxygen to attack the 
diloride, less for chlorine to react with the oxide, and more tendency 
for the oxide to be .directly produced ; this point therefpre accor^- 
''VOL..LxxyiL ■ ■' ■ 
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equally with each of the three theories. The increase of chlorine 
with rapid decomposition has already been dealt with under barium 
^orate ; the only remaining point brought forward by Spring and 
Prost is the suggestion that the proportion of free chlorine is in- 
creased by addition of an acidic oxide because it combines with the 
liberated basic oxide and so prevents reabsorption of the chlorine 
first liberated. This cannot, however, be a generally correct explana- 
tion, for many such substances cause this action with potassium 
chlorate when 50—200° below the temperature at which this 
salt undergoes appreciable decomposition when heated alone 
(Baudrmont, 1871, [iv], 14, 81 and 161 j Fowler and Grant, 

Trans., 1890, 57, 272) j the “liberated oxide” would then be non- 
existent It does not seem remarkable that these substances should 
expel chlorine and oxygen (chloric anhydride) from chlorates, as 
many expel sulphuric anhydride from sulphates. 

Schulze also shows that the amounts of free chlorine obtained by 
the decomposition of the chlorates of sodium, barium, and strontium 
agi-ee with those resulting when equivalents of the chlorides are 
heated with potassium chlorate, and that comparable results would 
probably be obtained with other metals. Double decomposition 
however, would be expected to take place with the formation of a 
chlorate more readily decomposed than that of potassium • these ex- 
penments would thus be decompositions of the respectivUhlorates 
rather th^ a study of the action of “ nascent oxygen." In section ni 
this han been shown to be the ease with barium-chloride, and there 
seem little doubt that the same will apply with other mdtals, as 
reaction takes place at a relatively low temperature 
^ It thus appears that the theory of two independent decompositions 
mm harmony, not only with the present investigation, but So with 
the results supposed to support the two older theories. 

The author desires to express his thanks for facilities afforded 
him in the Davy-Faraday Besearch Laboratory, 


XVI.— 2%e Interaction of Sulphuric Acid and 

PotOfSsiuT/h FcTTOcycUfThid/B, 

By Eiohaed HALiBdaTON Adie, M.A., B.Sc.* and Kendali. Goux 

Bbotoing, B.A. 

The inteimoMon df^ucentrated sulphuric acid and potassium ferro- 

DSbereiner {Schweig- 
1820, ^107), who stated that pure carbon inonoxide 

MrfOTmed (compare BerzeUus, i6id., 1820, SO, 57). 
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Fownes {Tkih 1844, [iii], 24, 21), apparently in ignorance of 

BSbereiner^s previous work, to which he does notallude, found that nearly 
pure carbon monoxide is formed, accompanied at first witb traces of 
hydrocyanic acid and carbon dioxide. The residue consisted chiefly 
of ferrous, ammonium, and potassium hydrogen sulphates. Towards 
the end of the reaction, ferric sulphate and sulphur dioxide were formed , 
and crystals of anhydrous iron ammonium alum deposited, 

Merk {Repert. Pharm.^ 1839, 68, 190), by rapidly distilling 
potassium ferrocyanide with sulphuric acid, obtained a distillate con- 
taining a little prussic acid, thiocyanic acid, and formic acid ; he also 
obtained a sublimate of needle-shaped crystals of ammonium sulphite, 

Everitt {Phil. Mag.^ 1835, [iii], 6, 97) first showed that, with 
dilute sulphuric acid in slight excess, hydrocyanic acid is given off 
and a new salt, Everitt’s salt K2^®2(^^)6» 

Wittstein {Vierteljahr. Pharm.^ 1854, 4, 515), Aschoff {Arch. 
Phmm.i 1860, [ii], 106, 257), and Williamson {Annalmf 1846,67, 225, 
and Memoirs Chem. Soc., 1848, 3, 125) also investigated the reaction. 

Considering the differences between the conclusions of these in- 
vestigators and the almost complete absence of quantitative results, 
the authors have investigated the decomposition of potassium ferro- 
cyanide by sulphuric acid of concentrations varying from that of the 
approximately pure acid containing 98 per cent. HgSG^, to that of 
the acid represented by 3^2804,! SHgO. The potassium ferrocyanide 
used was recrystallised until no impurity could be detected. It was 
dried at 104 — 105° until its weight was constant, and kept in a 
desiccator over phosphoric oxide. The sulphuric acid used was freshly 
distilled and was free from dissolved sulphur dioxide. 

Msthnation of Oarion Monoxide. 

A weighed amount of ferrocyanide was introduced into a small 
' flask or wide test-tube, which could be heated in an oil-bath, and the 
apparatus completely filled with dry carbon dioxide. The sulphuric 
acid was then run in by means of a tap-funnel and the vessel heated, 
a slow current of carbon dioxide being maintained. The carbon 
monoxide was collected over aqueous caustic potash (1 : 2). Tempera- 
tures were taken during the reaction by means 6f a thermometer 
immersed in the acid. 

Estimation of Sydrocycmie Acid. 

The anhydrous salt was placed in a flask and the apparatus filled 
mth hydrogen, free from oxygen. The acid was run in and the 
mixture distilled into two sets of potash bulbs. In order to ke^p the 
concentration of the acid constant, a small double surface condenser 
was used, and at the .end of each estimation its, temperature Wi^ 

M;2 
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raised to 100® to expel all traces of hydrocyanic acid * from the 
apparatus. The solution was then washed out of the potash bulbs, diluted, 
and the hydrocyanic acid estimated by standard silver nitrate, using 
sodium chloride as indicator. 

Action of 98 per cent. SvZphurie Acid, 

When mixed with excess of 98 per cent, sulphuric acid, potassium 
ferrocyanide, dried as described, turned white and then dissolved. 
Although a f/race of hydrocyanic acid was evolved at jdrst, no carbon 
dioxide was given off and no measurable quantity of carbon monoxide 
was obtained/ even after heating for two hours at 100®. When the 
temperature was raised to 130°, decomposition set In, but was slow 
even at 200®, at which temperature the acid fumed strongly, and 
sulphur dioxide was evolved. 

Quantitative experiments showed that the reaction was very slow 
and incomplete. Carbon monoxide is only formed in any appreciable 
quantity at a temperature above 200®, and approximating to that of 
the formation of fumes. The action increased slowly on further 
raising the temperature, but even after hours at 200 — 210® the 
yield of carbon monoxide amounted only to about 4 per cent, of 
the theoretical, being dependent on the temperature and time of 
heating. 

The authors confirm Fo wnes^ observation of the formation of crys- 
tals containing potassium and ammonium ferric sulphates towards the 
end of the reaction. 

To ascertain the nature of the reaction taking place in the solution, 
dry potassium ferrocyanide was dissolved in 48 per cent, sulphuric 
acid at 100® in an atmosphere of carbon dioxide, the solution cooled 
in a freezing mixture, and ether added. The white precipitate 
obtained was collected by the aid of a Pasteur filter in an atmosphere 
of hydrogen, dried, dissolved in absolute alcohol, and repreeipitated 
. by ether. This process was repeated three times, and the white, crys- 
talline product dried in a vacuum over phosphoric oxide. Its properties 
and determinations of the iron by means of mercuric oxide, and by sul- 
phuric acid showed it to be hydroferrocyanic acid. 

Action of 

The reaction was carried out on similar lines to the foregoing, and, 
although more rapid, was still slow; gas bubbles appeared at about 
170®, simultaneoualy with slight fuming. The action became more 
rapid at 195— 200®, but was not complete at the end of an hour, even 
" WiW excei^ of the acid. Thus 0^2832 gram of anhydrous 

♦ Blank experiments showed that hydrocyanic acid was completely expelled frop; 
ihe condensear by this means. 
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potassium ferrocyanide gave 85 '8 c.c» (corr*) of carbon monoxide in 1 
hour, the calculated volume being 103*4 c.c. 

Action of H2S04,2H20. 

The reaction was steady, the salt dissolved completely, and carbon 
monoxide began to be slowly evolved at about 130°. A.t 175 — 180°, 
the evolution was rapid, and the reaction was complete in about 35 — 40 
minutes. The yield of carbon monoxide accounted quantitatively for 
the amount of carbon in the ferrocyanide, and no measurable quantity 
of hydrocyanic acid could be detected. 

CO at 0° and 760 mm. 

Found. Calc. 

0T388 gram K4Fe(0]Sr)g,3H20 gave 44*6 c.c. 44*2 c.c. 

0*2125 „ E:4Fe(CN)e,3H20 „ ...... 77*6 „ 78*0 „ 

Action of H2S04,4H20. 

With increased dilution, the reaction began to change, hydrocyanic 
acid being formed in quantity, as well as carbon monoxide, and a 
small quantity of a sblid substance was precipitated, A small quantity 
of formic acid was also detected, both in the absorption bulbs and in 
the flask. The carbon monoxide was given off below 120°, but the 
hydrocyanic acid only came off slowly, even with brisk boiling, at 
this temperature, as shown by the following three experiments: 

HON [calc, as 6HCN 
Time. per mol. K 4 Fe(CN)e]. 

labours 2*6 percent. 

3i „ 6*02 „ 

7 ,, * 8*80 ,, 


Taking the highest of these numbers, we obtain 

VoL CO at 0” HCN CN 

Mass and 760 mm. per cent. per cent. 

K 4 Fe(ON) 5 . (found). (found). (calc.). 

0*2241 gram. 6*99 c.c. — 3*7 

0*8964 „ — 8*83 8*43 


The sum of these two amounts of cyanogen does not account 
for the whole of this radicle, the theoretical percentage being 36*96, 
so that the amount of formic acid obtained had to be estimated. 

As it is difficult to estimate formic acid in presence of Everitt^s 
salt, <fec., by ordinary methods, it was determined from the amount of 
ammonia formed in the hydrolysis of the cyanide groups, as in the 
Kjeldahl method. The total ammonia obtained represents carbon 
monoxide as well as formic acid, hence the amount of the latter is 
obtained by subtracting the ammonia corresponding to the carbon 
monoxide from the total and calculating the difference as formic acid. 
The amount of formic acid which was at a maximum with this 
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strength of acid^ was represented only in milligrams, and conse- 
quently was to6 small to affect the result. 

The solid residue consisted of Everitt^s salt, which is only slowly 
decomposed, mixed with a certain amount of ferrous and other sul- 
phates in solution. Hence, in this case, the main products of the 
reaction are carbon monoxide and hydrocyanic acid, mixed in about 
the ratio 3*7 : 8'43. 

Action 

"With acids of less concentration than H 2 S 04 , 4 H 20 , for example 
HgSO^jOHgO, the reaction showed a marked change in character, 


Acid, 

K4Fe(CE)e. 

HON [calc, as 
6HCN per mol. 
K4Fe(CN)6]. 

Time. 

H5S04,4H20 

0*7326 grams. 

2 *7 per cent. 

14 

hours. 

(Everitt’s salt left) 

0*6997 „ 

6*3 

j) 

H 

13 


0*8964 „ 

8*8 

ft 

7 

Pi 

'H,S0i,6H!,0 

0*9722 „ 

10-3 

if 

14 

11 

{Everitt*s salt left) 

0*9432 „ 

16*8 

if 

3| 

fl 


0*6088 „ 

39 

f» 

^4 

If 

H 2 S 04 , 8 H 20 

2 '2074 „ 

24*5 

it 

2 

II 

(Eyeritt's salt left) 

0*8463 „ 

36*6 

it 

2 

It 


1*1114 „ 

47 

if 

3 

II 


0*8636 „ 

71 

a 

6 

II 

HaSOflOHsO 

1*3180 „ 

30 

9i 

1 

>1 

{No Everitt's salt 

1*1356 „ 

98-7 

if 

84 

ii 

left) 

0*9382 „ 

99*2 

9> 

44 

II 

H^Oi,12HsO 

1*0285 „ 

75 

9i 

2| 

II 

(jSTo Everitt’s salt 

1*7694 „ 

81 

it 

5 

ir 

left) 

1*0912 „ 

100 

if 

64 

II 

HjSOwUHaO 

0*8674 „ 

47*2 

If 

1 

fl 


0*8642 „ 

67-0 

II 

2 

II 


0*7440 „ 

65*0 


3 

It 


1*7230 „ 

80*6 

II 

34 

II 


1*0900 „ 

86*0 

J* 

4 

It 


0*9796 „ 

94*8 

If 

74 

tt 

H^OtoieHjO 

1*0848 „ 

71*0 

It 

1 

ti 


2*0632 „ 

70*6 

II 

2 

It 


0*8896 „ 

84*9 

II 

2 

11 


1*5426 „ 

91*5 

II 

3 

ti 


1*1634 „ 

94*0 

, J 

3 

It 


0*9846 „ 

98*0 

if 

8 

ti 


0*7461 

99*1 

11 

3i 

ti 


0*9894 „ 

99*3 

■ >> 

34 

it 


1*0766 „ 

98*7 

II 

24 

11 


-l*t212 „ 

98*2 

ji 

2 

I) 


■ ^94; 

99*0 

■ li 

2 

91 


* A number of experiments were made to see if formic acid could be prepared in 
quantity by modifying the action of H 2 S 04 , 4 Ha 0 on potassium ferrocyanide, with, 
however, no satisfactory results. 
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hardly any carbon monoxide being obtained. Thus, 0’57 gram of 
potassium ferrocyanide heated for one hour with a large excess 
of H2S04,6H20 in an atmosphere of carbon dioxide, gave less 
than 0*5 c.c. of carbon monoxide. The reaction began at about 
120^. 

The table on p. 154 contains a summary of the results obtained, 
using as nearly as possible the same weight of potassium ferrocyanide 
and a large excess of sulphuric acid, so as to keep the concentration 
of the acid nearly constant. The reaction in every case was carried 
out in an atmosphere of hydrogen as far as possible free from air. In 
all cases, traces of formic acid could be detected. 

These results show that the theoretical yield of hydrocyanic acid 
was obtained by using acid of a concentration not exceeding that re* 
presented by H2S04,10B[20. 

At first, dfficulty was experienced in obtaining consistent results. 
This was' found to be due to 

(1 ) The rate at 'which . the mixture was , boiled. 

(2) The presence of traces of air. 

(3) The mass of potassium ferrocyanide used, the mass of acid being 
kept constant. 

The effect due to the first cause is seen in the preceding table, by 
comparing, for example, the results obtained with HgSO^jlOHgO 
and H2S04,14H20 respectively. The mixture was boiled much more 
rapidly in the case of the former. 

The effect of the second cause is seen in the following table con- 
taining the results of experiments in which a very slow stream of air 
was used : 


Acid. 

KJe(01T)6. 

HON [calc, as 
6HON per mol. 
K4Fe(0N)eh 

Time. 

H 2 S 04 , 6 Ha 0 

HaS 04 , 8 H 20 

H2S04,14H20 

0'9432 grams. 
0-8088 „ 

0- 9770 

1- 1114 „ 

1-9992 „ 

1-1031 „ 

' 0-7793 „ 

0-7440 „ 

64*5 per cent 

39 „ 1 

61*2 

47 ,, 

7V% „ 

.76*2 „ 

98*1 „ 

65 

6i „ ( « ^baent] 

44 .. ( ,> present) 

8 „ .( „ abseiit) 

3 „ ( „ present) 

3 n { \ 

4 »> { { 

3 „ („ absent) 


The influence of the third cause, namely, that of mass, is seen in 
the, following table, and becomes less with increasing dilution of tbe 
■ add: 






156 , ADIE AKD BEOWNma: THE INTERACTION OP 


Acid, 


HCN [calc, as 
6HCN per mol. 
B:4Pe(GN)5]. 

Time. 

H3Sa4,8HoO 

2*2074 grams. 

24*5 per cent. 

2 hours. 


0*8463 „ 

36*6 „ 

2 ,, 

H 2 S 04 , 12 H 20 

2*2826 „ 

60*2 

s „ 


2*1354 „ 

66*6 „ 

8^ , , 


1*6285 „ 

75*5 „ 

2} 

H2S04,16Hj0 

/2-0552 „ 

70*6 

2 „ 


1 0*8896 „ 

84*9 „ 

2 ,, 


/1-5426 „ 

91*5 „ 

3 ,, 


\0*9846 „ 

98*3 „ 

3 „ 

HsS 04 ,] 8 Hj 0 

1*1212 „ 

98*2 

2 „ 


0*7394 „ 

1 * 99*0 

2 ,, 


Explanation of the Reaction, 

Tbe reaction is probably explained in tbe following way. Hydro- 
ferrocyanie acid is first obtained, and can be isolated and examined. 
With strong sulphuric acid, it decomposes very slowly, evolving carbon 
monoxide, and forming ferrous and ferric sulphates, <fcc. 

With an acid of the concentration H2S04,2H20, it decomposes 
quantitatively, forming carbon monoxide and ferrous, <fec., sulphates. 
With sulphuric acid of less concentration, the following reactions occur. 

(i) The hydroferrocyanic acid reacts with the potassium sulphate, 
forming Everitt^s salt (Aschoff, he, cit,) ; 

21 E[^¥e{ 0 N)^ + 2K2SO4 = SKHSO^ + 6HCH + 

. (ii) At the same time, the hydroferrocyanic acid decomposes, form- 
ing FeS04 and HOX 

H4Fe(C]Sr)5 = 4HON + 

Fe(OK)2 + H 2 S 04 = FeSO^ + 2 HCbr. 

This second reaction becomes more marked the greater the 
dilution, and predominates with an acid of the concentration 
H2S04,10H20, or with more dilute acids. 

The second mode of decomposition explains the fact that with, for 
es^ple, HgSO^JSHgO, the whole of the cyanogen is evolved as 
hydrocrjranic acid rapidly and completely. If Everitb's salt were 
the .decomposition would take much longer, as this compound 
^^cily g^wly decomposed by acid of this composition. 

InUrae^im of Spdrqferroctfanic Acid and , Potassium Sulphate* 

In order to investigate the reaction between hydroferrocyanic acid 
and potassium sulphate, aqueous solutions of v arying strengths of 
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hydroferrocyanic acid were boiled with potassium sulphate solution in 
an atmosphere of hydrogen, a double surface condenser being used to 
keep the concentration constant. The water used had been boiled 
and also cooled in hydrogen to remove dissolved air. 

In one case, a 10 per cent, solution of hydroferrocyanic acid with 
excess of potassium sulphate gave a precipitate of Everitt*s salt on 
boiling. On warming the precipitate with dilute sulphuric acid at 
60*^ * and filtering, no ferrous sulphate wstfS found in the filtrate, hence 
no ferrous cyanide was formed. 

A 0‘7 per cent, solution of hydroferrocyanic acid was similarly 
treated, and a precipitate obtained. It was, however, merely ferrous 
cyanide, as it rapidly and completely dissolved in dilute sulphuric 
acid at 60°, forming ferrous sulphate and evolving hydrocyanic acid. 

The precipitate obtained from the strong (10 per cent.) solution 
was collected in absence of air, washed repeatedly, placed in a desic- 
cator in an atmosphere of carbon dioxide, and dried in a vacuum 
at 100° over phosphoric oxide. The pale bluish -yellow precipitate 
. contained potassium, iron, and cyanogen, and was analysed by 
(i) evaporating down with strong sulphuric acid and a little am- 
monium sulphate and igniting ; (ii) boiling with mercuric oxide, 
filtering, igniting, and weighing as ferric oxide. 

0-3086 gave 0-1457 FeA- Fe-33-1. 

E2Fe2(OJSr)0 requires Ee = 32-4 per cent. 

Decomposition of Hydroferrocyanic Add, 

A number of experiments were made with the object of studying 
the decomposition represented by the equation : 

H4Fe(CN)g = Fe(CN)2 + 4HON. 

. Fe(CN)2 + H2SO4 = FeSO4-h2H0N. 

According to Berzelius ifoc, dt,) the decomposition with boiling 
water is represented by the equation : 

H^Fe(ON)5 = 4HON + Fe(Ohr)2. 

Beemann and Carius {Annalen^ 1860, 113, 39), and ^tard and B6mont, 
{Gompt, rend,, 1884, 99, 1024), on the other hand, express it by the 
equation ; 

2H4Fe(CN)e = 6HCN + H2Fe2(C]Sr)^, 

but, in their papers, give neither analyses nor details. . 

To examine this question, a quantity of hydroferrocyanic acid was 
prepared by Posseirs method, and purified by repeatedly dissolving in 
absolute alcohol and reprecipitating by ether until spectroscopically ; 

♦ Ferrous cyanide dissolves completely and rapidly at 60® in dilute sulphuric acid* ' 
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free from potassium. After drying in a vacuum over pHosphoric 
oxide at 60% this was analysed. Determination of the iron gave : 

1. IL III. Calc. 

Fe25'8 26*0 25*85 26*04 per cent. 

On heating with water in an atmosphere of hydrogen, hydro- 
cyanic acid began to be evolved at 60% and a pale yellow-green solid 
separated out, thus proving Berzelius’ statement to be correct. The 
hydrocyanic acid evolved was estimated as above, 

0-4970 H 4 Fe(ON')^ gave 0*2605 HOF. HO]N = 52’4. . 

0-3863 H4Fe(0]Sr)6 „ 0*2035 HON. HON = 52*7. 

3HCN requires 37*5 per cent. 4HON requires 50 per cent. 

The excess of hydrocyanic acid is undoubtedly due to hydrolysis of 
the ferrous cyanide, as on further boiling hydrocyanic acid is slowly 
evolved, and the precipitate, after drying in a vacuum, was found to 
contain ferrous oxide. 

In presence of air, a coppery-blue precipitate was formed, but in 
too small a quantity for analysis. It was undoubtedly Williamson’s 
blue, ElFe 2 (CN)Q, as this is formed from Everitt’s salt m presence of 
air and sulphuric acid (Williamson, loc* cU,), That Everitt’s salt in 
presence of air is converted more or less completely to Williamson’s 
blue, which, in the presence of dilute acid and oxygen, decomposes as 
fast as it is formed, was confirmed by preparing a quantity of the 
latter. On boiling this with dilute sulphuric acid in presence of air 
it dissolved, forming hydrocyanic acid and ferric sulphate. 

2 BB’e 2 (a 2 j^)e 8H2SO4 i O ===^ 21 :HS 0 ^ -h ^62(804)3^+ 

Bummwry, 

The preceding results may be epitomised : 

(i) Concentrated sulphuric acid, dissolves potassium ferro- 

oyanide and shares the potassium with the hydroferrocyanic acid. 
The ratio must be primarily determined by the active masses and 
relative affinities of the acids. The following equation represents 
the initial change : 

K:4Fe(CN)^ + H2SO4 - 4KHSO4 + H^FeCCN}^. 

The solution is only very slowly decomposed by rise of temperature. 
Carbon monoxide is given offi, but even at 200° the rate of evolution 
' decomposition proceeds only when the sulphuric 

add dissomate Or decompose into water, sulphur trioxide, and 
a^^urd^^ 

(ii) With the addition of water, marked decomposition occurs, and 
large quantities of carbon monoxide are formed. This reaction in- 
creases with dilution until the concentration H 2 S 04 , 2 H 20 is reached ; 
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at; this strength, the whole of the cyanogen appears as carbon mon- 
oxide at 180°. The equation which represents this change is ; 

K^Fe{0^)^ + 8(H2S04,2H20) = 4KHSO^ + + 

FeSO^ + eOO + lOHgO. 

In this case, there is evidently hydrolysis, and it seems probable 
that it may be directly due to the molecules of water which are 
dissociated by solution in the solvent On the other hand, it 

is possible that sulphuric acid of the concentration H2S04,2H20 
may really act as orthosulphuric acid, S(OH)g, in which case the 
above reaction may be evidence of its existence. 

(iii) With further dilution to the concentration H2S04,4H20 
there is another definite change in the reaction, since, in addition to 
carbon monoxide, Everitt^s salt, 'K2Fe2(CN)g, and hydrocyanic acid 
make their appearance. That this is a definite change is shown by 
the fact that warm acid of the strength H2S04,2H20 immediately 
decomposes Everitt^s salt. 

The E verities salt appears to be formed from hydroferrocyanic acid 
by the action of potassium sulphate solution, thus : 

2H4Fe{CN)eAq + 2K2S04Aq -= + 2KHSO4 Aq + ^HOhTAq. 

Some hydroferrocyanic acid is decomposed at the same tiin^, form- 
ing hydrogen cyanide and ferrous cyanide. With increasing dilution, 
this becomes the more important and eventually, with acid of the 
concentration HaSO^jlOHgO, the sole reaction. The equation which 
may represent this stage is : 

H^Fe(ON)6Aq = 4HONAq + Fe(ON)2. 

In presence of the sulphuric acid, the ferrous cyanide dissolves with 
the formation of ferrous sulphate and hydrocyanic acid, and the 
change as a whole may be considered as due to the molecules of sul- 
phuric acid dissociated by solution in the solvent water. 

The final equation now becomes : 

K4Fe(Ohr)e + 5(H2S04,10H20) - 4K:HS04 + FeS 04 + 6K01T + SOHaO. 

(iv) The final decomposition is hindered by increasing the mass of 
the salt, but helped by increase of temperature and the presence 
of air. 

This last condition is important, and assists in the rapid decomposi- 
tion of the salt. It also explains the use of porous brick or the 
passage of an air current to assist in the preparation of hydrocyanic 
acid bn the manufacturing scale. 

When air is present, Williamson's blue, KFe2(ON)Q, is formed in 
small quantity, and the solution contains ferric salts ; it is probably 
formed from Everitt’s salt, and then decomposed by the actiou of the 
o:3tygen of the air, as explained above. . ; 
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These results, therefore, confirm the oldest account of the hydrolysis 
of hydroferrocyanic acid, namely, that due to Berzelius {loc, cit.). 

The authors are engaged in further investigations of changes of 
the character of that described under (ii) produced by sulphuric acid, 
to see if they admit of further elucidation. 

St. John’s College, LaboeaTory, 

Cambridge. 


XVIL — Action of Alkyl Iodides on the Mercuric Iodide 
Sulphides of the Fatty Series, 

By Samuel Smiles, B.Sc. 

Some years ago, Kriiger (J.pr, Chem., 1876, [ii], 14, 207) investigated 
the action of methyl iodide on methyl ethyl sulphide, and of ethyl 
iodide on dimethyl sulphide, and found that in each case a different 
dimethylethyisulphine iodide was produced. This work was repeated 
by Nasini and Scala {Gazzetta, 1888, 18, 67) a few years later and 
confirmed. Klinger and Maassen (Annalen, 1888, 243, 193), however, 
in a careful series of experiments, obtained by the two methods 
identical sulphine iodides which gave rise to identical series of double 
salts. At the same time, they pointed out that Kruger's method of 
prepp.ration was at fault and that his substances were impure. 

From the facts that conflicting results have been obtained, and that 
the bulk of the evidence in these researches is based upon the 
behaviour of certain double salts, it seemed possible that an investiga- 
tion of these substances might throw some light upon the matter. 
The following research has therefore been undertaken, firstly, to 
attempt to determine the constitution of the double salts of the 
sulphine bases, and, secondly, to ascertain whether, by varying 
the methods of preparation, stereo isomeric compounds could be 
obtained. 

In acetone or alcoholic solution, the sulphides unite with mercuric 
iodide to form compounds of the general formula B 2 SHgT 2 . These 
are analogous to such substances as BgSIg, il^SBrj, <fcc., and 

th^ constitution must therefore be represented in a corresponding 

manner, that is, as containing quadrivalent sulphur; 

Mercurie i(^de and the alkyl iodides might be expected to react 
in a similar way with the mercaptans forming substances such as 

and These, however, do not appear as pro- 

. ducts of the reaction, and may be assumed to be unstable com- 
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pounds, formed at an intermediate stage, and readily splitting off 
hydrogen iodide as follows : 

ESH + Hglj — -* ESHgl + HI. 

ESH + El — _ ESE + HI. 

Regarded from this point of view, the acid nature of the al- 
cohols and mercaptans appears to be dependent on the tendency of 
oxygen and sulphur to become quadrivalent, and since oxygen shows this 
tendency to a less degree than sulphur, it follows that the alcohols show 
weaker acid properties than the mercaptans. That this is the case is illus- 
trated by the fact that ethyl mercaptan, dissolved in an alcoholic solution 
of sodium ethoxide, shows all the reactions of sodium mercaptan; 
for example, on treating with alkyl iodides, the sulphides are formed. 

The alkyl iodides react with the mercuric iodide compounds of the 
sulphides to form stable yellow substances, which are found to be 
identical with those produced from the corresponding sulphine iodides 
and mercuric iodide. Accordingly, their formation must be repre- 
sented as follows : - 

+ El . 

Dobbin and Masson (Trans., 1885, 4T, 5 6) have already investigated 
the products of addition of the halogens to the sulphine halides, and 
conclude that they are not molecular compounds, but owe their 
formation to either sexavalent sulphur or tervalent iodine. From 
their stability and from the fact that the sulphine sulphates give 
similar compounds, these authors incline to the former hypothesis. 

In support of this view, I have found that dimethyl sulphide 
bromide, (CHjj) 2 SBr 2 , reacts with methyl iodide to give the same sub- 
stance, (CH 3 ) 3 SBr 2 l, as is produced from trimethylsulphine iodide 
and bromine in molecular proportion. 

The following series of reactions were carried out with the object 
of investigating the stereochemical properties of sexavalent sulphur. 
As yet, only negative evidence has resulted. It has been found^that 
the same compound of trimethylsulphine iodide with mercumc iodide 
is produced in the following three different ways. 

From dimethyl sulphide-mercuric iodide and methyl iodide : 
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From dimetliyl sulphide iodide and mercury methyl iodide : 

/Hgl 


r'TT 

Oh!>®<I + CHg-Hgl CH3-^S^I 


ohV 

The following two reactions also give identical products. 
Triethylsulphine iodide and mercuric iodide : 




./Hgl 


Diethyl sulphide, mercuric iodide, and ethyl iodide : 




+ 0,H,I 




w 


'I 


The same process has been applied to derivatives containing only 
two of the thi’ee alkyl groups alike. 

The following reactions give identical products. 
Dimethylethylsulphine iodide and mercuric iodide : 


CH, 


’>S<' 


0 ,H, 


+ Hgig 


CH3V ,.-HgI 




/ \l 


Methyl ethyl sulphide-mercuric iodide and methyl iodide : 




OH3I 




OHg-' 'I 

Dimethyl sulphide-mercuric iodide and ethyl iodide : 




CH.- 


+ O3H5I 


Ofi/ ''T 




Also the same compound of diethylcaethylsulphine iodide with 
mercuric iodide is produced by the following reactions. 
Biethylmethylsuiphine iodide and mercuric iodide ; 

:>s<?=3 

0H3/ \i 

Diethyl sulphide-mercuric iodide and methyl iodide : 

O3H3V /Hgl 

j - f yjsigi. -* . 

CH3^- ''I 

Methyl ethyl sulphide-mercurio iodide and ethyl iodide : 




OHj 




C3H3I 






'''I 
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From these results, no definite conclusion can be drawn as to the 
relative directions of the six valencies of sulphur. Even the simplest 
arrangement, that in which the valencies are directed towards the six 
angles of an octahedron, allows of three 'possible isomerides in the 
case of {CH 3 ) 3 SIHgl 2 . Where the alkyl groups differ, the possible 
number becomes still larger. As, however, Wedekind 1899, 32, 
517) and others have shown that quaternary ammonium compounds 
containing two or more’small groups, such as methyl and ethyl, are not 
obtained in isomeric forms, and that the presence of more complex 
groups, as phenyl or benzyl, renders this isomerism possible, it is 
desirable to repeat these experiments with derivatives containing 
larger radicles. 

It is a noteworthy feature of these reactions that the presence of 
mercuric iodide appears to render the addition of alkyl iodide far 
easier of accomplishment than is the case in its absence. Thus, for 
example, the action of ethyl iodide on dimethyl sulpbide-mercuric 
iodide is complete in 10 to 15 minutes with the formation of 
(OH 3 ) 2 (C 2 H 5 )SIHgl 2 , whilst, on the other hand, the production of 
dimethylethylsulphine iodide from ethyl iodide and dimethyl sulphide 
is scarcely complete in 3 days. 

It is hoped, therefore, that this method of preparation will he of 
use in obtaining sulphines containing higher radicles and possibly 
those of the aromatic series, which do not appear to be readily 
formed by the ordinary methods. 

Experimentaii. 

Action of Mercuric Iodide on Alkyl Sulphides, 

The sulphides of the fatty series dissolve mercuric iodide with slight 
evolution of heat and formation of the mercuric iodide-sulphides. 
These substances are best prepared by shaking up a warm concentrated 
solution of the sulphide in acetone with mercuric iodide, which dis- 
solvesj the solution acquiring a yeEow colour. After filtering or 
decanting from excess of mercuric iodide, the solution is either left to 
crystallise or, if the product is very soluble, evaporated in a vacuum. 
These substances are yellow, unstable compounds, the lower members 
of the series crysi^lising well in long prisms. They are soluble in 
acetone, but only sparingly so in alcohol or ether. When exposed to the 
air or gently warmed, they are decomposed, leaving a residue of mercuric 
iodide, the same decomposition occurring when they are boiled with 
water or acids. Potassium hydroxide solution converts them to yellow 
substances, from which acids regenerate the original mercuric iodide 
sulphides. On account of their tendency to decompose, and the bohse- 
quent difficulty in obtaining them sufficiently pure for analysi^^^ 
composition was determined as follows. A weighed 
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sulpHde dissolved in acetone or ether was shaken with a known 
amount of mercuric iodide in excess. The remaining mercuric iodide 
was removed by filtration, washed with ether, and, after drying, 
weighed. Owing to the slight solubility of mercuric iodide in acetone 
or ether, the numbers obtained were generally a little low. 

Dimethyl svZphide-merciunc iodide^ (CH 3 ) 2 SIIgl 2 , crystallises from 
acetone in long, yellow needles and melts at 75°. Estimation of the 
amount of mercuric iodide which entered into combination with the 
sulphide gave the following results : 

O’l 83 requires 1'322 Hgig. Hgl^ — 87*8. 

0*235 „ 1*70 Hglg. Hgl 2 = 87*8. 

CgHgTgSHg requires Hgl 2 = 87*9 per cent. 

Methyl ethyl aulpkide-Tnermric iodide, OH 3 (C 2 H 5 )SHgl 2 , crystallises 
from acetone in pale yellow prisms and melts at 59° On analysis, 
the following result was obtained : 

0*356 requires 2*166 Hgig. H‘gl 2 = 85*9. 

CgHgIgSHg requires HgX 2 = 85*6 per cent. 

Diethyl sulphide-mercumc iodide, (C 2 H 5 ) 2 SHgl 2 , crystallises from 
acetone, in which it is very soluble, in pale yellow prisms and melts at 
52°. It was analysed by weighing the residue of mercuric iodide ob- 
tained by gently heating a known quantity to a temperature slightly 
above its melting point. 

0*3026 gave 0*25 1 6 Hgig. Hglg ^ 83* 

0-5605 ,, 0*4565 Hglg- Hgla- 82*92. 

C^HjglgSHg requires Hgig — 83*45 per cent. 

Amyl s^phide-mercuric iodide, { 05 Hii) 2 SHgl 2 , is obtained as a yellow 
oil which easily decomposes on heating. On analysis, it gave the 
following result : 

0*5 requires 1*24 Hglg. Hgl 2 =s 71*2. 

Oi^H 22 l 2 SHg requires Hgl 2 = 72*2 per cent, 

Dihetizyl endphide-mereuric iodide, (C 7 H^) 2 SHgl 2 , is very soluble in 
acetone; it crystallises in pale yellow, transparent plates and melts 
at 37—38° It is exceedingly unstable in the solid state and decom- 
poses on being pulverised, but is more stable when in solution. On 
analysis, the following numbers were obtained. 

1*1435 requires 2*53 Hgig. Hgl 2 = 68 * 8 . 

0*926 ,, 2*05 HgIg. HgIg-eO'O. 

requires HgIg == 67*9 per cent. 

Of the foregoing derivatives, some are stated to have already been 
obtained, luo^ {AnTmlen, 1858, 107,234) claims to have prepared the 
dimethyl {m. p, 67°) and the diethyl derivative (m. p. 110°) by the 
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^action of ethyl iodide on dimethyl sulphide-mercuric chloride and 
<iiethyl sulphide-mercuric chloride respectively, and describes them as 
■stable yellow substances. These are evidently deidvatives of sulphine 
bases, since, as shown below, such substances are produced from 
alkyl iodides and the mercuric iodide sulphides. 

Compounds of Svlphine Iodides with Mercuric Iodide. Action of Alkyl 
Iodides on the Mercuric Iodide Sulphides. 

The alkyl iodides dissolve the mercuric iodide sulphides, and on 
allowing the solutions to stand for a few minutes they become warm, 
gradually acquiring a bright yellow colour. Precipitation with ether 
yields yellow, crystalline products, identical with those produced from 
the corresponding sulphine iodides and mercuric iodide. These are 
stable, yellow, crystalline substances, and, especially in the case of the 
lower members of the series, can be easily obtained in large, well- 
defined crystals. They show a slight tendency to split off mercuric 
iodide, although to a far less degree than the mercuric iodide sulphides. 
When suspended in water in the finely divided state and boiled, only 
a very slight decomposition occurs. With potassium hydroxide 
solution, they yield a white substance soluble in acetone. 

The mercury in these compounds was estimated as follows. The 
substance was decomposed by treatment with nitric and hydrochloric 
acids, and the solution evaporated to dryness. The resulting mercuric 
chloride was dissolved in water, and from the solution, after neutral- 
ising with sodium carbonate and then acidifying with hydrochloric 
acid, the mercury was precipitated as sulphide and estimated in the 
usual manner. 

It may be noted that all the following reactions appear to take 
place quantitatively. 

Trimethylsviphineiodide-mercm'ic iodide, (CH 3 ) 3 SIHgl 2 , was prepaied 
in three ways. 

1. The calculated quantities of trimethylsulphine iodide and 
mercuric iodide were shaken up with acetone. From the yellow 
solution, ether precipitated a crystalline substance melting at 163°, 
which, after recrystallisation from acetone, melted at 165°. By allow- 
ing a cold solution in acetone to evaporate spontaneously, it was 
deposited in large, yellow prisms often half a centimetre across. 

2. Dimethyl sulphide-mercuric iodide was dissolved in an excess of 
methyl iodide ; interaction took place with slight evolution of heat, 
and was complete in two minutes. On cooling, a substance separated 
out which melted at 163 — 164°, and from the mother liquor a further 
quantity was obtained by precipitation with ether. After precipitat- 
ing twice from acetone with ether, it melted at 165°. 

3. The substance was also produced from dimethyl sulphide 
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minutes, the reaction was comnW added. la about 15 

* ™. .buiL'^rtoTiTiM “ r«""" " 

J>igt percentage of mercury ^31■06 L? * f «^°^ed ratter a 

stancee prepar^ by tCaL^ t£r “fi- ^ . 

following results : “ethpds were made, with th& 

f 0-2190 ” %®- Hg« 30-29. 

10 21,49 „ 0*0755 HffS. « 

a|:io.S' , 

'^s"9ls»Hg requires Hg= 30-39 per cent. 

th^disrs^rc^ 

lower melting point. ™au quantity of the compound of 

*W*ae-mcrc«»^V 

by two method^ ttSras foiihd that 

^trimethylsilpiiiife fodidb, ^fiek'" sathMy.1 solution of 

^Ftat^‘m-ai ifclibk,'f4ded a yelS 

aeltod at 116 °, and on analysis the folln - SubstahOe which 

A«.. ■ • “naiysis the, following result was obtained • 

0'6g72 gaTe 0-2143 HgS. Hg=34-38 ' i* 

nsi^vfdVlH 0° of WethvJsufnh,-;. 


■•"■ i: 

It 

in. 



of merctec iodi^‘ .Aft^r'Eln^ 

^ond part and the wholhkoneent£tcd l, ^“*““ was added to ti 
^7 precipitation udth ether a -suS^ spontaneous eyaporatio] 
at 107-108° arid aftei nurifS 
leaflets melting at 112°. , bright yeilo- 

^^iSk^ffSeSn w?h o 

^ ^ -.oom^fe in aboil fifteeV^S :PJ^°e ^tb eiolutfe o 
eflier, a substance was preeinitaf-nf? i,- t S'l^tion o 

after reciystallisation ai 112 ^ melted at 109— ll0° am 
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produqta of ,,the alsoice xeaotitms ;weE« 
l.:0-2f6^ gav« O’Ogla HgS/ iitg ^ ' ■* 

j^uires Hg = 3S'57ibej? cent 
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. , . liiyJMP^We iodide was dissolved in acetone and tha 
, . li 9Wtity of mercuric iodide added. From the solution^ 

, ether precipitated a substance which melted at 86» and, when! pBre 
crystallised from acetone in long, yellow prisms melting at 87°. ^ 

2. Dimethyl sulphide-merctiric iodide was dissolved in excess of 
ethyl iodide, and after standing for 12 to 16 minutes, the intefactione 
was complete. From the solution, a yellow, 'crystalline substamca 
melting at 85° was precigitatdd by ether, ahd this,' when recrystallised 
from acetone, formed long prisms which melted at 86f5°.. 

3. An excess: of methyl, iodide was added to methyl ethyl sHlphide- 

mercuriC: iodide j and the interaction, which , tooi: plate immediately 
with, slight evolution of heat, was complete in about 2,.minnte8. ;.Qb. 
adding ether, a. yellow substance, .melting at 78 — 79°. was obtaane^ 
-which, after reprecipitating twice .from acetone, , melted at 87°,.,, s,.i. 

"V^en the mixture of methyl iodide and. methyl, ethyl snlphide- 
mercuric iodide was allowed to stand longer than ahont 16 nrinutes, 
an impure product was obtained. In one experiment, the mixture- 
was allowed to stand for 2 hours, and a crystalline' substahee was then 
obtained which melted at 160— 161°, and was evides^ly thetrimethyi 
derivative. The solution contained a mixtute of other substances. 


, ,Aijialyses of tlie products of tit© aljovo three reactions wei'e ^ made 
Mth'tlie folio wihgy^esiilts*; ' '' ' ^ 

:: **t Hg=.29*7l ' ' •* ' ' 

>11. *0^6981 „ 0*2050 HgS. Hg = 29*54. 

. III. 0164S,HgS. Hg,=«29*5L . ’ j V ; 

. V . . . 04 HiiIsSHg requires Hg 5=:29.*76 per cent. . ^ 

was atfeo‘ (ft)t^inWd''iU‘'thf^e**T$^^ 5 ^ ^ i? ^ * • 

1. 2*5 grams of methjldiethylsulphine iodide were disfehlt^ed in 

acetone and 4*9 grams of mercuric iodide added. From the solution^ 
ethei^ precipitated, k yelTdjtiV c ihtoed at 

64— and after f^pr^ipifating^Mfeb fro'm;ac.4tone by ^hef-yTat 87® > 
itsacetone solution, when atlowei Wbvkporafce spoUtaieoif Sly, deposited 
large, transparent, yellow plates. 

2. A concentrated solution of 6 grams of diethyl sulphide^naeroario 
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iodide was treated with an excess (B grams) of methyl iodide. After 
standiBg for 3 minutes, the solution was precipitated with ether, 
^ving 5 grams of a yellow, crystalline compound melting at 63 — 64° 
After purification, the product melted at 67°, and could be easily 
•obtained in large plates. 

3. Methyl ethyl sulphide-mercuric iodide was dissolved in ethyl 
iodide, and in a quarter of an hour the reaction was complete. The 
product obtained by precipitation melted at 60 — 62°, but when 
purified by solution in acetone and precipitation with ether, at 66*5° 

When the substances prepared by these methods were analysed, the 
following numbers were obtained : 

L 0-6543 gave 0-2213 HgS. Hg = 29-15. 

^ n, 0-3950 „ 0-1330 HgS. Hg = 29-02. 

m. 0-3051 „ 0-1027 HgS. Hg = 29-01. 

OgHj^gSHg requires Hg = 29'15 per cent. 

It appears, then, so far as these experiments go, that no isomerism 
exists among the compounds which the sulphine iodides form with 
mercuric iodide. Although the supposition that these substances 
•contain sexavalent sulphur allows of its possibility, isomerism does 
not follow as a necessary consequence, for, as already pointed out in 
the introduction, similar isomerism among the nitrogen compounds is 
non-existent in the lower members of the series, and only appears 
when the nitrogen is united to larger and more complex radicles. 

In connection with this work, attempts have been made to resolve 

methyl ethyl thetine, into optically active com- 

CgHg O 

ponents, but without success. It was found that any attempts to 
prepare a strychnine or cinchonine salt of. the hydrobromide of the 

thetine, COgH^ resulted in the formation of its an- 

hydride and the hydrobromide of the active base. Silver malate and 
the thetine hydrobromide gave similar results. Experiments were 
also made with Feniciilium glawum, but it was found that only a very 
slight growth of the mould took place after standing for some weeks 
with a 2 per cent, solution of the anhydride, the solution being 
inactive. 

In conclusion, I wish to express my thanks to Professor Raiosay 
for the interest he has taken in the work described in this paper, and 
.the help he has afforded me in (jurying it out. 

Univeesitt Colleob, 

„ London; 
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VIOTOB MEYER MBMOBIAL LEOTUBB. 

(Dbliybeed ojf Fbbettaby 8th, 1900). 

By T. E. Thobpb, Ph.D., B.So., LL.D., F.B.S., President of the 
Chemical Society. 

By the untimely death of Victor Meyer, on August 8th, 1897, under 
circumstances of peculiar sadness, and at the comparatively early age 
of forty-nine, our sister Society in Berlin lost her President of the 
year, and, at the same moment, we were deprived of one of the most 
brilliant of that band of eminent men whom we distinguish as our 
Honorary Foreign Members. The Council have deemed it fitting that 
the attempt should be made to put on record our appreciation of the 
remarkable services Victor Meyer rendered to the science which he 
cultivated, during the all too short period of his activity, with such 
striking assiduity and success. As a friend of nearly thirty years’ 
standing, and as one who worked, literally, side by side with him in 
the famous laboratory which he Kved to direct, and died whilst 
directing, I have charged myself with the execution of this duty. 

Of Meyer’s early life— that is, of the period before I first knew 
him at Heidelberg as a girlish-looking, bright-eyed youth, quick of 
movement and active in thought, ready and fluent of speech, full of 
zeal, and intensely interested in the higher work of the place — I know 
little, beyond that he was bom in Berlin and was the son of a calico 
manufacturer.^ Once, in the course of some discussion on the 
characteristic differences in the school training of English and 
German lads, he made reference to his own experiences in the gymna- 
sium, from which I gathered that his inclination towards science was 
in nowise shaped by what he saw or heard in early youth, Hor, so 
far as can be determined, was there anything in his home life which 
inclined him to take to chemistry. In the case of many who have 
become eminent in physical science — and doubtless also in the case of 
more who have not — their first love has sprang from the passion of 
experimenting. But at this time Meyer, apparently, had neither the 
opportunity nor the desire to make experiments. Indeed, the home 
atmosphere tended to make him literary or artistic. There can be no 
^ubt that he owed to this environment, and more especially to the 
example and precept of his mother, herself a woman of considerable 
intellectual power, certain strongly marked features of character which 

* The date of his birth was September 8th, 1848, 
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are not nstialiy associated with men of science. According to his 
friends Liehermann and Jacobson, his own wish was to become an 
actor, and that he would have succeeded in such a profession is highly 
probable. He had, indeed, all the natural gifts of the bom actor- 
dramatic sense, emotional power, a fine voice, an impressive manner, 
and a handsome presence* When he became a teacher of chemistry, 
these attributes were turned to good account. His early love of 
declamation, combined with his elocutionary ability, eventually 
made him one of the most stnhing and effective lecturers in 
Germany. The traditions of the University lecture-theatre ho doubt 
exercised their restraining influence, but Meyer was too much under 
the sway of his artistic temperament and too impatient of conven* 
tionality to repress altogether his natural bent. Moreover, he was 
not insensible to the effect he created, or unmindful of the influence 
he gained, when, to use the common phrase, he '‘let himself go,*' and 
by his trenchant, impressive language, and the brilliancy of his illus- 
tration, communicated something of his own enthusiasm to even the 
most listless of back-bench men. This power of exposition was quickly 
perceived, and no doubt its early recognition served to bring him the 
more speedily to the front. 

At Heidelberg, as in many other centres of chemical instruction, 
there was a small Chemical Society, composed of the Extraordinary 
Professors, the Privat-docenten, and assistants, together with the senior 
or more active students in the various laboratories who were elected into 
it by favour of; the teachers. In my time it numbered amongst its 
n^Hoabers Erleimaeyer, Ladenburg, Horstmann, Ijudwig, CSohen (the 
mineralogist), and Emmerling. Its president was Bunsen, and the 
ooeasioim on which he took the diair w^ the red-letter days the 
session. We mvariably sent him home happy, his pockets filled with 
all the good champ^ne corks we could collecst. The formal business 
of ihe Society— if formal it can be called — was preceded by an Abend- 
0gsmi and if not accompanied, at least succeeded, by a considerable mani- 
f^tation of “ das gemlithliche Element.” ITo man was more popular 
at .these gatherings than Meyer, ffis nimble mind and retentive 
memory, his gift of ready speech, his sense of humour and genial 
manner combined to make it pleasant to listen to him no matter whether 
ha was, in accordance with the rules of the Society, called upon to give an 
aoaoiimt of some work which had just been published, or whether he was 
mnticising a communication from a fellow memhar* Prom 
repeats of the condition of such investiga^nB as 
f laboratories, or of which the 

fee forthcoming issue cf the Annc^n^ for, 
At period tl t to the was a thin and puny pub- 

Imrdiy out riate-swaddih^ dothes^ and with little sign of the 
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vitality which has since enabled it to assimilate practically the whole 
outcome of German chemical activity. 

. Of his own laboratory work, we had nothing from Meyer, for 
there was little or nothing at the time to be told. He had entered 
the University in the autumn of 1865, when barely seventeen years 
of age, and apparently with no very definite conception of a career. 
Suddenly he elected to study chemistry, and attached himself to 
Bunsen with the idea of ultimately becoming a teacher. It is not 
improbable that his choice was in a measure determined by the cir- 
cumstance that he had attended some of Hofmann’s lectures in Berlin 
in the preceding summer, and had thus been infiuenced by that great 
teacher, then in the fulness of his intellectual vigour. Those were the 
palmy days^ of Heidelberg— the days of Bunsen, Kopp, Kirchhoff, 
Helmholtz — and Meyer came under the spell of them all. His pro- 
gress as a student was exceptionally rapid, and the brilliant manner 
in which he gained his doctorate — without the adventitious aid of a 
thesis— strongly impressed the whole philosophical faculty. Bunsen, 
especially, was greatly struck with the power and promise of the 
young Jew, then one of the youngest students in the University, and 
soon selected him as one of his assistants. It was in this capacity, 
that I first made the acquaintance of Meyer. Bunsen for some 
years previously had been engaged in the examination of the 
mineral waters of South Germany, and Meyer at the time I entered 
the Heidelberg laboratory was acting as water analyst. However 
great the disciplinary value of such work might be (and no one who 
has practised Bunsen’s method of water analysis, with its system of 
check and control, can doubt that it is one of the most rigorous 
quantitative exercises possible), I fear it was not altogether con^ 
genial to the active mind of the young assistant, who was yearning to 
t:^ his ’prentice hand at original research. Accordingly, towards the 
end of 1868 he threw up the position, and entered Baeyer’s little 
labOTatory at the Gewerbeakademie in Berlin. Although in a sense 
overshadowed by the more magnificently appointed University 
laboratories of Hofmann in the Georgenstrasse, and of Kbkul^ in 
Bonn, both at that time comparatively new, the modest laboratory of 
the Gewerbeakademie, with its twenty workers, was already one of 
the most famous schools of organic chemistry in Europe. Baeyer 
Umself had recently published his brilliant inV^tigation of meihtic 
acid 5 and Graebe, at first alone, and subsequently in conjunction with 
Liebermann and with Caro, was at work on those remarkable series 
of inquiries which served to establish the true chemical nature and 
relationships of alizarin, and led eventually, with the independent 
edilalwiation of Perkin its artificial production on a connnercial 

0 2 
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scale. I well remember the interest and excitement which these dis- 
coveries created in Germany : they unquestionably gave an enormous 
impetus to the study of organic chemistry and attracted eager aspir- 
ants for chemical fame from ail parts of the world, quickened, no 
doubt, by the perception of the rich promise of material benefit 
thus suddenly opened up. Heidelberg at that period was pre- 
eminently a school of inorganic chemistry : organic chemistry was 
represented by Delffs and was mainly studied by prospective apothe- 
caries. Erlemneyer had been called to tbe Polytechnic at Munich, 
and the influence of Kekul^’s teaching was as yet hardly felt by any 
of the Privat-docenten. 

Baeyer quickly recognised the power and ability of his pupil, and 
to Baeyer was undoubtedly due the impulse which started him on his 
career. Asa*' Yorgeriickter he attended no more lectures, and thus 
it happened that he who became one of the greatest organic chemists of 
his time never followed a course on organic chemistry. Shortly after 
his entrance into the laboratory, he began the series of half-dozen 
investigations which characterised his activity during his three years* 
stay in Berlin. His first paper, published in the BmnchUy was a note 
on the action of trimethylamine upon monochlorhydrin, which sub- 
stances form a basic condensation product, the chloride and the gold salt 
of which he described 1869, 2, 186). This was quickly followed 
by a short paper on diethyl thiodicarbotmte, S( 002 lt) 2 , which he 
obtained by the action of ethyl chloroformate upon sodium sulphide 
(Ber., 1869, % 297). 

A far more ambitious production appeared in the following year, 
dealing witb the eonstitutioh of the disul^ituted benzenes 
iB70, 156^ 265)/ In this memoir, Meyer described a new method 
of introducing a carboxyl group into the molecule of aromatic 
eompouiids, no matter whether the substance abeady contained a 
^irboxyl group or not. This was effected by the action of sodium 
formate upon the potassium salt of the aromatic sulpho-acid. 

Of the acids prepared synthetically hy this method, isophthalic acid 
was the most important on theoretical grounds, as its production under 
these conditions led to a revision of the views then held with respect 
to the orientation of the radicles in the “orfeho” and **meta’* 
(salleylic) series. Isophthalic acid had been shown by Baeyer to be 
a 1 : S-deriyative. “ Ortho ’’-sulphobenzoic acid, obtained from 
aeidy was thought to have its radicles in contiguous positions. 

; ^^eiriments , showed that isophtfaalio aeid was the only di- 

the snlpho-acid hy iateraction with a 
“ ortho ’’-solphobenzoic acid, and 
Iwotoo^ amido-, and hydroxy-benzoic acids corre^ 
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spoudmg witii it in constitution, must, like the isophthalic acid, be 
1 : 3 -derivative^. It followed that the meta ” (salicylic) series of 
compounds are the 1 : 2-compounds. 

The main facts of this paper have long since taken their place 
in the history of our knowledge of aromatic compounds, but the 
memoir has an especial interest as being Meyer^s first excursus into 
the realm of chemical theory. In a subsequent extension of the work, 
in conjunction with Ador {Annalen^ 1871, 169, 1), he showed that in 
sulphanilic acid the substituent groups SO^H and liTHg were in the 1 : 4 
positions. The phenolsulphonic acid from sulphanilic acid he proved 
to be identical with Kekul^'s paraphenolsulphonic acid, and hence to 
have the position 1 : 4. Potassium monobromobenzoate fused with 
sodium formate yields isophthalic acid ; hence this bromobenzoic acid 
belongs to the 1 : 3 series. At the conclusion of their memoir, the 
authors gave a list of the disubstituted derivatives of benzene then 
known, arranged in columns according to whether the second substi- 
tuent element dr radicle is attached to the second, third, or fourth 
carbon atom, as deduced from the experimental evidence put forward. 
Their views as to the orientation of the substances there named, 
except in the case of the dihydroxybenzenea, have not been materially 
modified by subsequent inquiry. 

Pending the publication of this work, Meyer essayed to solve that 
tM’mrm’m of aromatic chemistry, the constitution of camphor (jffer., 
1870, 3, 116). He sought to show in the first place that camphoric 
acid is a dicarboxylic acid, CgHj4(C02H)2. Since camphor yields, by 
the action of dehydiants, an homologue of benzene, namely, cymene, 
he reasoned that it must contain the benzene nucleus, and hence the 
remaining four carbon atoms must exist in the side-chains. But by 
the oxidation of camphor to camphoric acid, the side-chains apparently 
are not attacked ^ the action would seem to be on two of the carbon 
atoms in the benzene ring. The carboxyl groups cannot be attached 
to one and the same carbon atom, otherwise camphor would not yield 
an homologue of benzene by abstraction of water. It would follow 
therefore thai^ in all probability, camphor ought to have the con- 
stitution expressed by one or other of the following formulae ; 

(1) COH-CgHj^SCH. 

( 2 ) 

(3) 

The first, or aldehydic, formula, suggested by Berthelot, was practically 
disproved by the work of Pittig and Tollens. The second formula, 
which contains the hydroxyl group, was rendered improbable by 
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Berfchelot, and the improbability was further strengthened by Meyer, 
who found that acetic chloride was without action on camphor. The 
third formula then would seem of the three to be the most probable. 
The constitution of the group 08^14 can only be inferred from that 
of the camphor cymene. This, as shown by Fittig and his pupils, iss 
probably for the most part methylpropylbenzene.* Hence camphor 
would appear to have the constitution 

9H:o(QH3)»aH,-gH,> 0{0,U^:O R, 
and camphoric acid 


C02H^9(CH3)-CH2-CH2- 9(C3H^)* OO 2 H. 


Borneol would be CH(OH)IC 3 Hj^!GH 2 . These views have now only 
an historical interest. All that is certain in them is that Meyer's 
conception of camphoric acid as a dicarboxylic acid is correct. . The 
work of Olaisen and Manasse has rendered it practically certain, as 

long surmised, that camphor has the grouping It has, 

however, required the labour of a generation of workers, and the 
accumulation of a literature which, as regards its bulk, is without a 
parallel in any other department of chemistry, to unravel the true 
rdiafcions of camphoric acid to camphor, and hence to get an insight 
into the constitution of a substance which has been known in Europe 
and prized as a medicine since the twelfth century. 

Meyer acquired some eaperience in tuition, even in the early 
Hridelberg days, 'as a coach,^^ and in Bmrlin he added td las means^ 
which were slender enough, by similar work. His success as a 
ieaeher Induced Baeyer to recommend him to Fehling, who sought 
assistance, especially in modern organic chemistry and in laboratory 
t^bching, in connection with his duties at the Stut^art Polytech- 
nic. His departure from Berlin was a great loss to the little circle 
In the Gewerl^akademie, where his high spirits and geniality made 
him universally popular. He was an omnivorous reader and the 
power of his memory was astonishing, so much so that on his 
leaving, Baeyer exclaimed “ Jetzt werden wir 3 a wieder die Literatur 
naehsehlagen miissen.” 

Ha renamed in the WUrtemberg capital barely a year. How he 
^ loaya it has already been told by Profes^r liebermann. 

had just been call^ from the 2 iurich Polytechnic 
to of the school, Kappeler, was engaged 

'tO' St#^|ark:and, unknown to 

(Wiaeac is methyliso- 

d<^ iKilra^ 
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Meyer, attended one of his lectures. Although Kappeler, as he him- 
self relates, knew little of chemistry, he was so struck with Meyer’s 
power of lucid and stimulating exposition that the decision to invite 
him to Zurich was immediately made. At the close of the lecture, he 
communicated to the unsuspecting young teacher his idea, expressing, 
however, his fear that in comparison with his future students he might 
prove to be still too young. As Meyer laughingly promised to do his 
best, day by day, to repair this fault, the invitation was given, and 
thus, when barely "24 years of age, he found himself Ordinarius and 
Director of the chemical laboratory of the Zurich Polytechnic. 

The Zurich Polytechnic has enjoyed a succession of distinguished 
teachers, and Meyer worthily sustained and, indeed, greatly extended 
the fame of its chemical chair. He was now in possession of a well 
equipped laboratory and surrounded by eager, active students, stimu- 
lated and encouraged by the enthusiasm of a teacher as active and 
e^ger, and, it may be added, as high-spirited as themselves. The 
thirteen years of Meyer’s stay at Ziirich constitute the most fruitful 
and the most brilliant period of his career : before its close, he had 
brought himself within the foremost rank of contemporary investi- 
gators. Some idea of his wonderful power of work, and of the 
stimulus he gave to others, may be gleaned frojm the fact that during 
that pmdod the Zurich laboratory, under Meyer’s direction, gave close 
upon 130 papers and memoirs to chemical literature. It is, of course, 
impossible here to do more than indicate, in the briefest possible out- 
line, the outcome and significance of the more important of them. 

During his short stay at Stuttgart he sent some half dozen papers 
to the Berichte^ some of them in continuation of work which had 
occupied him in Berlin. The chief of these were put together in a 
memoir, in conjunction with Stuber, on the aromatic amines, 
which appeared in 1873 {Annahn, 1873, 166, 161). The main 
object of the work was to gain further evidence in favour of Meyer’s 
view, that in the case of the chloro-, bromo-, iodo-, and nitro- 
derivatives of aromatic amines, obtained by direct substitution, it is 
always the hydrogen immediately contiguous to the amidb^group 
which is replaced, or, in other words, that the l^Hg group exercises 
an attractive influence on the substituent. It was assumed bjKektild 
that Biche and B^rard’s dibromaniline, obtained by the reduction 
of dibromonitrobenzene, was identical with the dibromaniline 
from acetanilide. Meyer and Stuber proved that such was not the 
It was found that Biche and Bbrard’s dibromaniline yields, or 
is derived from, a liquid dibromobenzene, which boils at 219'4®, and 
rmaains liquid at —28° Kiese had previously obtained a li^id- 
dibromobenzene boiling at 224° and crystallising below — A^^ 

the three possible dibromobenzenes were thus made kno#u. Meyer’s 
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surmise that the new dibromobenzene was the 1 : 3 variety has sinae 
been established. The authors also made known the existence of a new 
tribromobenzene melting at 119°> the symmetric or 1 : 3 ; 5-derivative* 
The isomerism of the liquid dibromo benzenes was subsequently con- 
clusively demonstrated (Ber.^ 1874, 7, 1560) by the crystallographic 
examination of their mononitro-derivatives by Groth and Bodewig. 

In this connection may be mentioned a short paper, in conjunction 
with Wurster, *‘On some derivatives of solid Dibromobenzene” 
1874, 172, 57). In the attempt to prepare a nitrated 
phenylenediamine by acting upon dibromonitrobenzene with alcoholic 
ammonia, in the same [manner that Walker and Zincke obtained 
nitraniline from monobromonitrobenzene, they found that only a 
moiety of the bromine could be displaced, the resultant product 
being a new substance, bromonitraniline, in which the NOg group is 
next to the NHg group. By converting this substance into bromo- 
phenylenediamine, the two NHg groups would be in close proximity ; 
on debrominating this compound, the resulting phenylenediamine was 
found to be identical with that discovered by Griess (m. p. 99^), whose 
surmise that the I 7 H 2 groups were united to contiguous carbon 
atoms was confirmed. 

Meyer began also an inquiry on the chemical nature of chloral 
hydrate, a substance which, in consequence of Liebreich’s discovery 
of its anaesthetic action, had by that time become of considerable 
industrial importance, and was readily procurable. By the action 
of acetic chloride upon chloral hydrate, tetrachlorethyl acetate, 
OCBj-CnECl-O^CO-CHg, is obtained, identic^ with the product formed 
by the condensation of chloral and acetic chloride, or by the action of 
acetic chloride on acetaldehyde. Chloral alcoholate with acetic 

chloride yields ^ indicating that the alcoholate, 

as already shown by Henry on other chemical grounds, is the ethyl 
ether of trichlorethylidene glycol. By dissolving chloral hydrate in 
glacial acetic acid, Meyer obtained a white, crystalline substance, 
melting at 80*^, which he regarded as isomeric with ordinary chloral 
hydrate (m. p. 55°). 

The chloral hydrates may have respectively the constitution 

(1) COVCOH + HgO. 

(2) GGVaH(OH)2. 

not polymeric {Ammhn^ 

; thus obtained is 

obs^v^ by Po^ which slowly 
5 into the stable at ordinary tempera- 

Meyer does not definitely 
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decide which of the two formulae represents the constitution of 
ordinary chloral hydrate, but he inclines to regard it as trichlorethyl* 
idene glycol, which Perkin’s observations on its magnetic rotation 
definitely indicate that it is. 

Wallach’s observation of the conversion of chloral into dichloracetic 
acid was shown by Meyer to be in accordance with a general property 
of aldehydes in alkaline solutions to take up the elements of watery 
one molecule of aldehyde being thereby reduced, whilst another is 
oxidised. 

Meyer, in conjimction with his pupil HafEter, devised a very simple 
and rapid method of estimating the actual quantity of pure chloral 
in the commercial product, founded on the fact that chloral hydi*ate 
is rapidly decomposed by an aqueous solution of an alkali into 
chloroform and an alkaline formate 1873, 6, 600). 

Although Meyer’s papers up to this time had amply demonstrated 
his power of investigation, and afforded to critics like Kekul^ and 
Baeyer abundant proof of the clearness and keenness of his vision, he 
had hitherto worked upon somewhat conventional lines. His memoir 
**On the Nitro-compounds of the Fatty Series” {AnnaZen, 1874, I7l, 
1)^ which appeared shortly after his removal from Stuttgart to Ziirich, 
at once stamped him as an original investigator of a very high ovdev. 
In anticipation that two series of alkyl nitrites would be found to 
exist, denoted in the methyl series by OHg^HOg and CHg'O'NO, 
Meyer, whilst still at Stuttgart, had studied the action of amyl 
iodide upon silver nitrite and had obtained a colourless liquid, having 
the ordinary smell of amyl compounds, boiling between 150° and 160°, 
which on analysis was found to have the composition 
Hence it was isomeric with amyl nitrite, a yellow liquid of a 
peculiar, disagreeable smell, which boils at 90°. To the new compound 
Meyer gave the name of nitropentane. The reaction was found to 
be general. He now entered upon an elaborate investigation of the 
nitro-compounds of the alkyl series and their derivatives, and of 
questions incidental to the main subject, which, in conjunction with 
his pupils, among whom may be mentioned Stuber, Rilliet, Chojnacki, 
Wurster, Oonstam, Janny, Lecco, Locher, Tcherniao, Ceresolo, Miiller, 
Hemuth, Keppler, and JZiiblin, continued to occupy him at intervals 
for upwards of twenty years. 

One peculiarity which distinguishes aromatic from aliphatic com- 
pounds consists in the ease with which * nitration,’^ — that is, the 
replacement of hydrogen by the group NOg with the elimination of 
water — may be effected in the first-named substances. A reaction 
analogous to that by which nitrobenzene is formed from benzene 
scarcely known among fatty compounds, the most familiar instantce 
being the production of chloropicrin by the action of strong nitric 
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acid upon chloroform* The constitutional difference between the 
nitroparaffins, as the new group came to be called, and the alkyl 
nitrites consisted in the fact that, in the first-named substances, the 
NOg group is directly connected with a carbon atom, as in nitro- 
benzene, whereas in the alkyl nitrites the NO group is intermediately 
linked with the hydrocarbon radicle by meaiis of oxygen. The alkyl 
nitrites are true esters capable of being resolved into alcohols and 
nitrous acid by the hydrolytic action of alkalis or acids. The nitro- 
paraffins, on the other hand, are incapable of hydrolysis. By reduction, 
they yield alkyl hydroxylamxnes and then the corresponding amine. 
By reduction, however, the alkyl nitrites lose theic nitrogen and 
form the corresponding alcohol. 

Meyer's view that the nitroparaffins were veritable nitro-compounds 
was not at once accepted. Geuther, and subsequently Getting, as- 
sumed that nitroethane was acetamidoxide, CHg’CO'NHgO, whilst 
Kissel regarded it as aeethydroxylamine, CH3*CO*NH(OH). It is 
true, as found by Meyer, that nitroethane, under the hydrolytic 
influence of strong acids, splits up into hydroxylamine and acetic acid, 
but since phosphoric chloride is without action upon nitroethane, an 
hydroxyl group must be assumed to be absent. As for Geuther's 
view of the constitution of these substances, Meyer had little difficulty 
in showing that it wholly failed to explain all their known reactions. 

The general ch^acteristics of the mtroparaffins, namely, the power 
d forming salts possessed by the primary and secondary compounds, 
the absence of this power in the tertiary series, together with the re- 
markable differences in the behaviour of bromine, and of the action of 
acids upon the primary and secondary nitroparaffins, were carefully 
studied % Meyer and his pupils. He found thait when a solution of a 
pdimary nitroparaffin in potash is mixed with an alkaline nitrite and 
treated with sulphurlG acid, the liquid acquires a blood-red colour 
which disappears on the further additipn of acid. On shaking the 
whole with ether, there is obtained a solution of a new acid, known 


as a nitrolic acid, of the general formula In the 

case of nitroethane, the formation of the ethylnitrolic acid may be 
represented as follows ; 


In the 


CH3*C<f5 +ON-OH=HjO+OH8-C<5i?^- 

ethylnitrolic axdd* is in:ffieated its 
of hydroxylamine m ffiteomonitroethan^^ 

aeids substances of a strong 
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acid reaction, readily soluble in water, and for the most part easily 
crystallisable. In alkaline solution, they give an intense blood-red 
colcMraition and form characteristic precipitates with salts of the 
heavy metals. They slowly decompose on standing, and on heating 
are quickly resolved into the corresponding fatty acid, nitrogen, and 
nitrogen dioxide. On treating the nitrolic acids with sodium amalgam, 
substances known as azanrolie acids are formed. They are strongly 
coloured, sparingly soluble substances, and differ from the corre- 
sponding nitrolic acid by containing two atoms of oxygen less. The 
best known member of the series is ethylazaurolic acid, or 

more probably C^HgN^Og, On heating, it yields, together with forma- 
tion of nitrous oxide and water, ethylleucazone, C^H^NgO, a substance 
possessing both acid and basic properties, a,nd in its general charac- 
teristics resembling an amido-acid. 

secondary nitroparaffns, when treated with nascent nitrous acid, 
behave quite differently from the primary compounds. On adding 
sulphuric acid to the mixed solutions, a deep blue colour is produced 
and insoluble substances are formed, isomeric with the nitrolic acids, 
but which have no acid character. They were called by Meyer pseudo- 
nitroles, and have been regarded as nitrosonitro-compounds. 


CH, 


*> 0 <: 




Their formation may be thus represented 


+ OH-NO * HgO + 


Scholl subsequently discovered that these substances may be obtained 
by the action of nitrogen peroxide upon the ketoximes : thus with 
acetoxime : 

4(OH^,C:N-OH + 3NA = 4(CH8)2C<gg^ + 2 H 2 O + 2NO, 

a mode of formation which, as Meyer pointed out, indicated that 
they may be regarded as the nitrates of the oximes, (OH3)20lK*0'3SrOjj, 
Th^ formation from the secondary nitro-compounds may be supposed 
to occur in the following phases : 

(0H3)80H-N<?+HN08=.(0H3)30H-^<^ 

(OHs) 2CH-N<^]|^®2 - = (CiHs)2C:N-0-NO2. 

Meyer was inclined to give the preference to the latter view of their 
constitution, as it is generally very doubtful whether compound 
containing a hitroso-group (ISTO) directly linked to a carbon atom are 
capable existence* ^ 
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Tertiary nitro-compounds are unchanged by the action of nascent 
nitrous acid* 

Meyer pointed out how the characteristic colour reactions afforded 
by the behaviour of nitrous acid with the primary and secondary nitro- 
paraMns, and its inability to act upon the tertiary compounds, offered 
a ready means of distinguishing primary, secondary, and tertiary 
alcohol radicles. The iodide to be tested is distilled with silver 
nitrite, the distillate shaken with a solution of potassium nitrite in 
strong potash, diluted with water, and mixed drop by drop with dilute 
sulphuric acid. If the liquid acquires a red colour (formation of nitro- 
lic acid) which disappears with excess of acid and reappears on the addi- 
tion of alkali, we are dealing with a primary radicle : should the liquid 
give a blue colour (formation of pseudonitrole) soluble in chloroform, the 
compound is derived from a secondary alcohol radicle ; the non-forma- 
tion of colour indicates a tertiary radicle. The test ceases to be of 
much practical value beyond the 5 carbon series (compare Meyer and 
Jacobson, Lehrhuch der OrganiscJien Chemie^l^^Z^ 253, et seq,). 

The same line of inquiry was extended to the other main groups of 
aliphatic substances, and resulted in the discovery of new types of 
compounds. Thus, by the reduction of the isonitrosoketones and the 
isonitrosoacetoacetic esters, Meyer, in conjunction with Treadwell, 
obtained a series of volatile bases having apparently the generic 
formula CftH 2 n- 4 i^ 2 » ^^Rch they termed ketines and subsequently 
aldines. This group of substances is now generally known as the 
azines, smd the substance first described by Meyer and Treadwell is 
dimethylpyrazine, * 

.G(CHs):CHv 

20Ha-C0-0H:iI-0H + 6H=N^— — 

\CH:C(0H3)/ 

Meyer had the faculty of keeping more irons hot at a time than 
any man of his period. Although much of his thought and energy 
was directed in the first years of his sojourn in Zurich to the 
development of the new field of inquiry which his discovery of the 
nitroparafiSns opened out, he continued his work on aromatic compounds, 
partly in defending positions he had already secured, and partly in 
breaking new ground. In the latter connection, reference may be 
made to his discovery, with Michler, of diazoxybenzolc acid, and to 
the iiew class of azo-compounds which he described in conjunction 
. wiHi AmbihL 

:A polbt ^ mme interest at the time (1876) liras his discovery 
■ ^^4 together yield nitrous oxide and 

In the nitroim 

The production of 

oxide by mixing concentrated aqueous solutions of 



THORPE: VICTOR MEYER MEMORIAL LECTURE. 181 

hydroxylamine sulphate and sodium nitrite constitutes a neat and 
striking lecture experiment. He also showed, with Locher, that 
hydroxylamine may be obtained by a number of new reactions, as, for 
example, by acting on dinitropropane or ethylnitrolic acid with tin and 
dilute hydrochloric acid, when, in the one case, the amine is liberated 
in conjunction with acetone, and, in the other, together with acetic 
acid. 

(1) 0H3^C(N0g)2’CH3 + 8H = CH,-C0*CH3 + 2 NH 30 + H20. 

(2) 0H3- C(N-0H)*3S[02 + 4H + H2b = CHg* COgH + 2^1130. 

These reactions showed that the rule, hitherto regarded as universally 
true, that nascent hydrogen reduces nitroxyl to amidogen, has its 
ex;ceptions. . 

But perhaps the most important of Meyer’s discoveries at this period 
was that of the oximes. He had observed that dibromonitroethane, under 
the action of hydroxylamine, passes into ethylnitrolic acid, and he antici- 
pated that the analogous nitrosoacetone would be formed in like manner 
from unsymmetrical dichloracetone. Experiment showed, however, 
that the chlorine in dichloracetone was replaced by a hydroxylamine 
rest, whilst the ketonic oxygen was replaced by the oximido-group, 
forming a compound termed by Meyer acetoximie acid, but now known 
as methylglyoxime, CHg* C(IH' OH)*€/H(*H*t)H). The fact that hydr- 
oxylainine would thus react upon carbonyl oxygen induced him, in 
conjunction with Janny, to study the action of this reagent upon 
ordinary ketones and aldehydes, and thus led to the discovery of the 
ketoximes and the aldoximes. This discovery has a two-fold signifi- 
cance. The reaction not only serves to ^indicate the existence of 
carbonyl oxygen in compounds, and hence is of value as a mode of 
determining constitutional problems, but it brought into existence a 
number of substances yielding derivatives of considerable interest. 
Further, it is not too much to say that the stereochemistry of nitrogen 
takes its rise from the discovery of the oximes. 

With Janny, he likewise obtained a-nitrosopropidnic acid by the 
action of hydroxylamine on pyroracemic acid, a reaction which is 
almost' quantitative and capable of being used as a test for pyro- 
racemic acid. 

Lossen discovered hydroxylamine as far back as 1865. Although it 
was quickly recognised as an exceedingly reactive substance, its use was 
greatly curtailed by the difficulty and expense, of preparing it in quan- 
tity. Much of it, prior to 1883, was obtained by Dumreicher’s process, 
namelyj by reducing ethyl nitrate by means of stannous chloride 
and hydrochloric acid. Meyer showed how the irksomeness of the 
method, entailed.hy the necessity of removing the tin by sulphuretted 
hydrogen, and of deaKng with the large volume of Uquid produced, 
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migM be materially lightened, and considerable quantities of hydroxyl- 
amine salts were made by the modified process in the Zurich laboratory. 

The position which hydroxylamine occupies between ammonia and 
nitric acid, which at that time were held to be the main nitrogenous 
foods of plants, as well as its great chemical activity when compared 
with the inertness of the other substances, seemed to Meyer to point 
to a possible formation of, hydroxylamine within the plant, and to its, 
playmg an important part in the assimilation of starch and in the 
formation of albuminoids. In conjunction with Schulze, he therefore 
made comparative experiments on the action of hydroxylamine, 
ammoniacal salts, and nitrates upon plants, when it was quickly foimd 
that hydroxylamine acted as a poison to vegetable organisms. Meyer, 
however, points out that it may still be possible that hydroxylamine 
may be formed in transition products, and yet act as a poison when 
taken up by the roots, just as peptone behaves as a poison when in^ 
jected into the veins of animals. 

Bcference may here be made to Meyer’s attempts to elucidate 
the constitution of ammonium salts. It was found that the di- 
methyldiethylammohium iodide, obtained by the action of ethyl 
icMiide on dim ethylamine, is identical with- that produced by acting, 
with methyl iodide on diethylamine, and no difference can be 
detected in the chai^ter of their salts. As the substances, although 
identical, were obtained by different reactions, it was inferred that 
they could not be * molecular ’ compounds^ that is, combinations of a 
tertiary base with an alkyl haloid, but must contain penlavalent 
nikogen, whence, by aimlogy, ammonium chloride would be 



This assumption is only sound on the supposition that, in the forma- 
tion of the salts, no change had taken place in the position of the 
alcohol radicles. The main eonclusion would be invalidated if, for 
example, ethyl iodide, when reacting on trimethylamine, did not com- 
bine directly with it but was decomposed, as Lessen had suggested^ 
as follows ; 

n(0H3)3 + = 0 H 3 I + iir(0H3) aHj. 

If^ such an interchange occurred, Meyer, in conjunction 
1876, 180, 173),. studied' ^ 'action of ethyl 
iodidd i<^d& If iosseh's contention 
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No action, however, was found to occur either with ethyl or methyl 
iodide alone at any temperature up to 180% or in presence of methyl 
alcohol or water, Ladenburg and Struve tested Meyer’s conclusion 
by making similar experiments with benzyl iodide and triethyl- 
amine, and with ethyl iodide and benzyldiethylamine, and were dis- 
posed to regard the resultant compounds as isomeric, although closely 
alike in most of their properties. On repeating the observations, 
Jleyer found that no difference existed ; the substances prepared 
in the two ways were absolutely identical. 

Suggestive and fruitful in ideas as Meyer was, he was seldom at a 
loss in devising means to put them to the test of trial. In many of 
his mental characteristics not unlike Davy, as an experimentalist, he 
had all Davy’s resourcefulness with far more than his patience. 

As I knew him in Heidelberg, he was an excellent manipulator ; 
still his temperament would never have permitted him to better the 
example of the great master under whom he was trained. We could 
all look on and marvel at the patient, concentrated power with which 
Bunsen would devise, elaborate^ and perfect some new form of 
apparatus, or some new method of analysis. The first steps were 
very simple — so simple indeed that it was frequently impossible to 
divine their ultimate purpose. It was from such small b^innings 
that we obtained the whole process of gasometric analysis, the burner, 
the photometer, the various voltaic batteries, the spectroscope, the 
filter-pump, the ice-calorimeter, the flame reactions, <&c. Before 
Bunsen gave a piece of apparatus to the chemical world, he left it 
practically perfect; the striving after perfection was a veritable 
passion with him, and numerous were the forms or modifications 
through which the apparatus or the method passed before he rested 
satisfied with it. Although Meyer’s genius was of a different order, 
the influence of the Heidelberg training is to be recognised in the 
various forms of laboratory apparatus with which his name is 
connect^ Chief among these are his modes of determining vapour 
densities. The elegant modification of Gray Lussac’s method intro- 
duced by Hofmann left nothing to be desired in the case of compai^ 
tively volatile substances unacted ’upon by mercury, but many b^es 
were known, and their number was being rapidly increased, in which 
this method was inapplicable. Meyer accordingly, in 1876, devised 
his displacement method (5cr., 1876, 9, 1216). This in principle 
was similar to the method suggested by W, Marshall Watts as far 
back as 1867, from which it differed in that Wood’s metal — ^an alloy 
of bismuth, lead, tin, and cadmium, melting below 70° — replaced the 
mercury, and that the volatilisation was effected at the temperature 
of boilmg sTd^ is, at 444°. This process allowed of the 

detenhmation of the vapour density of many substances which could 
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be vaporised at temperatures below the boiling point of sulphur, and 
compounds like diphenyl, methylanthracene, triphenylamine, paradi- 
bromobenzene, and paradiphenylbenzene, had their vapour densities 
ascertained for the first time by means of it. 

- The method was further modified in the following year (j5er., 1877, 
lO, 2068), mercury being used instead of Wood's metal and the 
vapours of boiling water, aniline, ethyl or amyl benzoate or diphenyh 
amine— depending on the temperature required — were employed 
as a bath instead of sulphur vapour. 

The ** Luftverdrangung Methods the simple and extremely con- 
venient process — which will for all time be associated with the name 
of Yietor Meyer, was devised in 1877 (Ber*, 1877, 11, 1867). The 
apparatus is now one of the commonest articles of laboratory furniture, 
and it is not too much to say that, thanks to the ease with which the 
whole operation may* be carried out, more vapour densities have been 
determined by its aid than by any other means. 

The apparatus is usually constructed of glass, but by making it of 
glazed porcelain, determinations can be effected at very high tempera- 
tures. Except for special reasons, neither the temperature of the heated 
bulb nor its volume need be known : all that is required is that the 
temperature should be sufficiently high to gasify the substance under 
examination. Avarietyof liquids— water, xylene, aniline, ethyl benzoate, 
amyl benzoate, diphenylamine — depending on the temperature needed 
to effect complete vaporisation, be used as media for heating the 
bulb. For temperatures exceeding 300°, a bath of molten lead may 
be employed, the glass bulb of the apparatus being coated, as suggested 
by Watson Smith amd Davis, with a moderately thick film of soot 
before immersion in the bath so as to dimmish the risk of fractures 

Mr. Watson Smith, who was with Meyer at Zurich, and who has 
kindly sent me some reminiscencGS of him at this period, writes ; 
** It was somewhat singular that just as Yietor Meyer, with Carl 
Meyer (no relation), had completed their vapour density apparatus for 
bodies of very high boiling point, I had just obtained in the pure 
state specimens of the three isomeric dinaphthyls, all of which urgently 
awaited the determination of their vapour densities. They were the 
first new high boiling substances with which the apparatus and 
method were tried. Yietor Meyer was immensely pleased and interested 
with this circumstance, and we practically ail three worked the de- 
termination together, the results amply proving the reliability and 
accuracy of the new method. Of course in these cases the lead bath 
was used*' (compare Trans., 1879, 35, 226; 1880, 37, 491). 

The molecular weights of a number of substances were quickly 
ascertained by this method, for example, phosphorus pentasulphidej ^ 
indium chloride, cuprous chloride, stannous chloride, arsenious oxide, 
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antimonous oxide, cadmium bromide, &c. Yolatilised in an atmo** 
sphere of hydrogen chloride, ferrous chloride yielded values between 
FeCI^ and Ee^Gl^, Ferric chloride at no temperature showed a vapour 
density corresponding with FcgOlg, whilst at 750^ and 1077°, its mole- 
cule would seem to be FeClg. Potassium iodide at 1320° in an atmo- 
sphere of nitrogen had a density corresponding with KL Arsenic and 
phosphorus at a white heat had densities approaching the values for 
ASg and whilst zinc at 1400°, and bismuth at 1700°, were found to 
be monatomic, and thallium at 1700° diatomic. 

In 1879, the two Meyers, Victor and Carl, astonished the chemical 
world by announcing {Ber,^ 1879, 12, 1426), as the result of de- 
terminations of their vapour densities at high temperatures, that the 
halogens were capable of undergoing dissociation or possibly decom- 
position, As regards chlorine, this announcement at once threatened 
tore-open a question which had been regarded by most people as 
practically settled since July 12th, 1810, when Davy read to the 
Boyal Society his classical memoir on oxymuriatic acid. Davy, it is 
' true, had never stated that chlorine was an element in the absolute 
sense of that term. What he inferred was that it was a substance 
which “has not as yet been decofiapounded,” and therefore is “ele- 
mentary as far as our knowledge extends.” The .very name chlorine, 

! which he suggested, inculcated this view. “ To call a body which is 
• not known to contain oxygen and which cannot contain muriatic 
acid, oxymuriatic acid, is contrary to the principles of that nomen- 
clature in which it 'is adopted, . . . After consulting Some of the most 
: eminent philosophers in this country, it has been judged most proper 
to suggest a name founded upon one of its obvious and characteristic 
properties — its colour, and to call it chlorine, or chloric gas. Should 
it hereafter be discovered to be compound, and even to contain 
I oxygen, this name can imply no error, and cannot necessarily require 
j a change.” 

I Had chlorine then been ^ decompounded ’ ? Did it contain oxygen ? 

; Berzdius and Murray right after all? Was there such an 

entity as murium I The pages of the popular scientific periodicais 
; of the time show how these questions agitated the minds of chemists, 
j The indications of the spectroscope were advanced as cbnfinnatcny of 
I Meyer’s results, and there was much exercise of ‘the intelligent 
I anticipation of events before Hiey occur' which occasioned him 
I some annoyance at the time, Howevmr sanguine he might be 
that he had decomposed chlorine, and however freely he might 
talk with his colleagues, he never committed himself in print to 
S any statment of the kind. To begin with, the amount of oxygeil 
{he had obtained was very small, and there was uncertainty 
to the action of the chlorine upon the silica or alumina of the 

VOh. laxm 
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porcelain at tlie high temperatiire, and whether the materials em- 
ployed were wholly free from moisture. I have it, on the authority 
of Professor Lunge, whose knowledge was derived from daily, inter-^ 
course with him, that Meyer himself refused to consider the fact as es- 
tablished until he had worked in an apparatus made of material devoid 
of oxygen, and to this end he obtained a special grant from the Zurich 
authorities to defray the cost of . a vessel of platinum. 

Meanwhile Meyer's observations on chlorine were repeated^ and 
their validity impugned by Crafts {GompL 1880,90, 183 etS6^,)who 

found, by a modification of Meyer’s method, that the gas, even at the 
highest temperature of the Perrot furnace, showed no change iiigiip^ 
tive of dissociation or decomposition. Meyer, in conjunction with 
Ziiblin, at once repeated Cx’afts* determinations on pre-formed chlorine 
and confirmed their accuracy. 

As regards bromine and iodine, however, the observers were in 
substantial agreement. 

Thus with iodine : 


Temp, 

Yictor Meyer. 
Density. 


Crafts and Meier. 
Temp. Density. 

D'/D. 

450° 

8*85 

— '■ 

445° 

8-74 

• _ 

586 

8*72 

0'99 

830—880 

8-07 

0*92 

S42 

1®0 

6*76 

0*77 

1020—1050 

7-01 

0-80 

5-75 

0-66 

1275 

5-82 

0-66 

im 

5'70 

0-65 

1390 

5-28 

0*60 


l^aumann showed from these results, on the assumption that the 
molecule splits up into two atoms Id-lj that fte oourse of the 
dissoelatimi is in accordance with the result : 


theory of gases, namely, that the increments of decompositicm w 

spending to equal differences of tempearature increase gradually from 
the temperature at which dissociation begins up to that at which 
50 per cent, of the vapour is d^omposed, and then decrease in 
a similar manner up to that temperature at which dissociation is 
complete. 

In conjunction with Langer, Meyer greatly extended these observa- 
tions, and subsequently published them as a monograph, entitled Pyro- 
chmnische IJntersuchungen ” (Braunschweig : Tieweg u. Sohn, 1885), 
Ab bromine, they found that the gas, when sufficiently 

air, had a normal density, namely, 5 •52 even at the 
and no sensible change coeiiipred up to 900° 
eleven times its velume of nitrogen. At 
to AS oh^ dilution wdUi five volumes 
af a lii&e tho dtensHy of the diluted bromine 

m ^ ai tmnperatures were not p<^sibl€^ 
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As at above 1600'^ the platinum apparatus is rapidly attacked by 
both bromine and chlorine. 

The alteration in density of bromine vapour at high temperatures 
bas recently been studied by Dr. Perman and Mr, Atkinson, who 
have found that no sensible diminution occurs up to about 750° at. 
atmospheric pressure, at which point dissociation becomes just ap* 
praciable, especially at low pressures, and gradually increases with 
increasing temperature {Proc. Boy, /Sbc., 1900, 66, 10). 

In the case of chlorine, it was found by Meyer and Danger that no 
analogous change occurred below 1200°, no matter whether pure or 
highly diluted chlorine was employed. At 1400°, however, the density 
of the diluted chlorine fell from the normal value 2*45 to 2*02. 

Similar observations with carbon monoxide seemed to show that at 
1690° this gas is partially decomposed into carbon dioxide and carbon, 
2CK>=^C-i"C02. Carbon dioxide itself experiences no change in 
density at this temperature in a platinum apparatus, although when 
passed through a porcelain tube filled with broken pieces of porcelain 
it undergoes dissociation, as alr^dy shown by Deville* This pheno- 
menon may be connected with the remarkable observation of 
MenschutMn and Konowaloff that dissociable vapours are far more 
rapidly broken up in presence of asbestos, or pieces of glass, or even 
of the roughened sides of glass, than when the interior of the glass 
veas^ is perfectly smooth* 

"Mitrous oxide, heated in a porcelain tube, is entirely resolved 
into oxygen and nitrogen at 900°, and in a platinum tube at 1690° 
Kitric oxide remains unchanged up to 1200°; at 1690°, it is com- 
pletely decomposed into its elements. Hydrogen chloride also appears 
to be partially, whilst sulphuretted hydrogen is entirely, decomposed 
at the latter temperature. Cyanogen has a normal density up to 800° ; 
at 1200°, it sufEers decomposition. 

Meymrmade his pyrochemical investigations under very unfavour- 
al^ conditions. The magnificent chemical institution which Zurich now 
possesses was not then built. The old laboratory was a low building to 
the ^t of the main block of the Polytechnxcum, and the only room 
which could be spared for the purpose was so small that, in spite the 
best ventilation poi^ble, the temperature not tmirequ^otly rose to 56°. 
Moreover, both he and his assistants sulEered greatly from the strenuous 
ardour with which the Work was c^ried oh, and he himself eventually 
broke down under the strain of it; I Mm in Ziirich in the autumn 
of this year (1879), and was surprised and shocked to notice, although 
it was at the end of the vacation, how nervous and jaded he seemed. 
I beEeve the distressing insomnia from which he suffered at tihies 
the rest of his life began at about tMs period. In reference to 
tius Mr. Watson Smith writes ; Meyer had a most excitable 



188 


: Victor METES MEMOEIAL LECTUEE* 


niind and was a tremendous worker* BSs assistant, Carl Meyer, told 
me tkat on several occasions lie was so overworked, not by compulsion, 
but through the mere influence of Meyer^s presence, his mental 
power, and enthusiasm, that he came very near committing suicide 
during the fits of depression following exhaustion after long-continued 
spells of work.” 

Pyrochemical problems continued to interest Meyer to the end, and 
he was quick to take advantage of any hint which seemed to promise 
the possibility of their solution. In a lecture before the Natur- 
forscher Yersammlung in Heidelberg, he regretted that the lack of 
vessels of sufficiently refractory material prevented him from working 
at the higher limits of temperature even then attainable, There 
can be no doubt,” he said, that new and undreamt-of discoveries will 
manifest themselves — ^that a new chemistry will disclose itself, when 
we are furnished with vessels that will enable us to work at tempera- 
tures at which water can no longer exist, and at which oxy-hydrogen 
gas becomes an uninflammable mixture.” 

Shortly before his death, he returned to the subject with new appar- 
atus xnade of a platinum-iridium alloy capable of withstanding a far 
higher temperature than pure platinum, and he was in hopes of being 
able to construct vessels of magnesia which would allow of the 
application of temperatures over 2000®, 

Meyer, at the time he announced his discovery of the dissociation of 
the halogens, was thirty-one jmrs of age. He was now on the flood- 
tide of Ms prosperity. His publi^ed work had shown Mm to he 
an investigatcur of nncommon pow^ and originality^ and students 
flocked to Mm from all parts, to participate in the j^eneermg wnrk 
which Ms astonishing energy and enthusiasm opened’.' out^ ■’ 
triumphs It was indeed a time of ‘‘ Joyous yesterdays and confldent to- 
morrows.” He was happily married to the friend of Ms youth, 
T’raiilein Hedwig Davidson, whose ‘ Terlobungstag ' was the very day 
on wMch he received his call to Zurich. What she was to ISdeyer 
only those who were privileged to know his home circle can fully 
realise. 


Meyer's first great grief came to Mm with the death of his eldest 
daughter, and in 1882 he lost his friend Wilhelm Weith, Professor of: 
Chemistry in the University, How close and intimate was their friend* 


9^p was evident to all who frequented the matings of the Zurich 
Gr^ellschaft, where the two professorswej^ gem^caliy to 
^de by side at the head of the J^blef reflected 
his coUeaguew^^jMeyer'^ for the 


w ^was requested to undertake the 
mty ledjiues on benzene derivatives 


f oi tfii 



THORPE; VICTOR MEYER MEMORIAL LECTURE. 189 

which had been intermpted by Weith^s death. I have already 
attempted to indicate what Meyer was as a teacher. Ko one could 
possibly take greater pains in the preparation of his lectures, or study 
more to make them instructive and interesting. It is generally 
supposed that organic chemistry does not lend itself to effective lecture 
illustration. Such was not the case when Meyer had to teach it. “ I 
well recollect,” writes Mr. Watson Smith, that the word most fre- 
quently used in Zurich in defining the opinions of Yictor Meyer*s 
students of his lectures was ‘ brilliant 1 * ” Another of our Fellows, 
Mr. John I. Watts, who attended his course in 1879-80, writes : — 

“What particularly struck me about his lectures was their finished 
style. He made fairly constant use of notes, speaking with great rapidity. 
Yet his treatment of the subject was very clear, and his language perfect. 
The experiments were always well prepared and exceptionally successful. 
Indeed, his lectures were most popular, and both at his work and outside 
the Polytechnic there was no professor who was more respected and admired 
by all students than Victor Meyer. Young, handsome, well-dressed — ^for 
a German professor, with a quick wit and a genial manner, he was a 
welcome addition to any gathering. When, in 18S1, he had a * call * to Aachen 
and elected to remain at Zurich, the students treated him to a torchlight pro- 
cession and a grand ‘ Kommers.’ Meyer watched the ‘Fackelzug! of over 1000 
students from a balcony, and later, sittmg as the honoured guest in a still 
greater throng, he seemed indeed a happy man.” 

Skrular testimony is given by Dr. Sudborough, who was with him 
in Heidelberg, and who writes : — 

^‘As a lecturer, Meyer was dear, concise, and extremely lucid, and his 
delivery was easy and naturaL His lectures were given by the aid of care- 
fully written notes, and were fully illustrated by experiments, the table being 
always crowded with apparatus both in the organic and inorganic lectures. 
It was very rare indeed for an experiment to fail ; this was firstly due to 
Meyeoc^s own dexterity as a manipulator, and also to the care which was 
besfcwed upon the prepamtion of the experiments.” 

It was in the csourse of these lectures on benzene derivatives that 
Meyer came upon what is perhaps the most brilliant of all his dis- 
coveries— -that of thiophen. How he lighted upon it is well known, 
but the story bears repetition. He desired to i^ow his class ihe so* 
called indophenin reaction of Baeyer, at that time held to be Indicative 
of benzene, but to his astonidjiaent not a teoe of the characteristic 
blue colour made its appearance although, as was his wont, he had 
rehearsed the experiment just prior to the lecture. It appeared that his 
a8ristant,Sandmeyer— himself oneof Meyer’s* discoveries’ — ^had handed 
to him a sample of the benzene made in the lecture course by heating 
beuzoie add with lime, and at once drew his attention to the fact that 
the made with the ordinary labqr^tqry sui^ly— 
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the Benzol pwi8$im» crystallisatim of the dealers, and, of ‘ course, 
derived from coal-tar. Meyer, at the moment, was so fully occupied 
that he might well have put aside the incident, or have given no 
immediate heed to its significance. But that was not his way. 
Fortune scatters her chances indifferently, and every man may have 
his share, but it is not given to each to perceive when he is favoured, 
or to know when to grasp the skirts of happy chance.” Madame de 
Stael once said that a most interesting book might be written on the 
important consequences which spring from little differences, and it 
was the little difference that riveted itself on Meyer’s mind. He at 
once began the investigation of the cause. All kinds of benzene to 
be found in Ziirich were tested, and it was soon definitely established 
that it was only coal-tar benzene that gave the indophenin reac- 
tion, Meyer’s first idea was that it might be occasioned by an 
isomeric — a second benzene found in coal-tar. Within less than 
a month he had ascertained that the reaction was due to some 
sulphuretted product accompanying coal-tar benzene, and that 
Baeyer’s indophenin was probably a sulphur compound. Meyer’s 
action was characteristic of him. Before communicating, with 
Baoyer, he carefully repeated his experiments, and only when all 
ground for doubt was removed did he inform his friend of his obser- 
vations and of the inferences he had formed. Baeyer at once sent 
him a specimen of his indophenin, and the fact that it actually was a 
sulphuretted compound was then established. Meyer found that 
coal-tar benzene, after repeated shaking with oil of vitriol, no longer 
reacted with isatin, and hence he determined to search among the 
sulphonio acids so formed for the reactive substance. By distilling 
the product obtained by shaking 10 litres of benzene with oil of 
vitriol, he obtained a few cubic centimetres of a clear, thin, mobile 
liquid containing sulphur, which boiled at about 83® and remained 
liquid in a freezing mixture of ice and salt, It gave a most intense 
reaction for indophenin. The amount of the new substance present 
in coal-tar benzene was very small, at most not more than 0*5 per 
cent. 

Thanks to the co-operation of his friends, Messrs. Bindschedler, 
Busch and Oo., of Basle, he was enabled to repeat this experiment on 
a large scale, as ranch as 250 litres of coal-tar benzene being operated 
upon at a time, and the sulphonic acids converted into the lead salts, 
which were then mixed with sal ammoniac and distilled. The crude 
product, which contained about 28 per cent, of sulphur, was found to 
react strongly with bromine, forming a heavy, colourless, highly 
refractive liquid, boiling at 211®, greatly resembling dibromobenzene, 
but showing on analysis the composition C^H^Br^S. The new com- 
pouud was the dibrorao-sulistitution prpduct of a e^bstanoe wMpl^ 
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Meyer was at first inclined to call tKimithren^ then ihiofhmi 
thiol, and lastly to denote that it was a sulphur-containing 

substance giving derivatives analogous to those of phenyl. 

In the early part of the following J une, that is, within about six 
months of his first observation, he had obtained a considerable 
quantity of thiophen, and was in a position to show to the Swiss 
Naturforscher Yersammlung, which met during that summer in 
Ziirich, that its chemistry was hardly less extensive than that of 
benzene itself . Thus it was that a chance observation — the observation 
of a little difference — added a new section to organic chemistry. 

It would be quite impossible within the limits at my disposal to 
show how this section was developed by Meyer and his pupils. In 
1888, he published, in the form of a monograph, dedicated to his 
friend and patron, President Kappeler, dem hochherzigen Fdrderer 
wissenschaftlicher Bestrebungen,” an account of its condition at that 
time (Die Thiophengruppe. Braunschweig.; Vieweg u. Sohn), from 
which it appears that during the preceding five years no fewer than 
106 contributions to its history had been made from his own labora- 
tory, and some 40 from those of others. How fertile the field still 
continues may be gleaned from the circumstance that upwards of 50 
papers on the same subject have since made their appearance in 
various journals. 

Meyer’s restless energy had now begun to react most seriously upon 
his general health. At times he was almost prostrated by nervous 
exhaustion ; he had frequent spells of insomnia, and his friends viewed 
with alarm the signs of physical decay which now set in, in spite of 
the occasional holidays, mainly among the Alps, which he gave himself. 
In 1884, he again broke down, and although at the moment he was im- 
mersed, with his colleague Lunge, in the plans for the new chemical 
laboratory of the Polytechnic in which, as he states, he had hoped 
ultimately to resume his pyrochemical labours under more favourable 
conditions, he was obliged to relinquish, for a time, all idea of work, 
and towards the end of the year was ordered away to the Riviera, 
where he wintered. In the following spring, he received a * call’ to 
Gbttingen as the successor of Hiibner, This he eventually decided 
to accept, and entered upon his duties there in the summer session 
of 1885. 

He was not able, as he had hoped, to take leave of his Zurich 
students at the time, but what they thought of him — with what 
affection and respect he was regarded— was seen in the terms of the 
Address they sent to him on the occasion of his opening lecture at 
(Sbttingen. It was seen, -too, in the way he was received by them 
during a visit to Zurich some months later, on the occasion of the 
fevfXiMeth birthday of his friend E^appeler, Professqr 
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.who was present, thus describes the scene : “ I see him even now 
before me as he spoke to the students at the ‘Kommers' in the 
evening. The ^ Zurcher Poly technikers ' have, as a rule, but little 
opportunity of knowing the professors outside their special faculty, 
and have, therefore, but little interest in those who are not their own 
teachers. As Victor Meyer’s slender form appeared on the platform, 
and as his bright blue eyes glanced round the assembly, there broke 
forth a shout of welcome from all — -engineers, machinists, architects, 
as well as from his old students the chemists— tb be ended in a whir h 
wind of applause at the close of a speech, sparkling and witty as 
ever.” 


With renewed health and vigour, he now set about the plans for 
the new laboratory which the authorities had decreed should adorn 
the ^ Georgia-Augusta,’ for Wohler’s old place no longer sufficed to con- 
tain the chemical workers which Gottingen had now to receive. 
Whilst it was being erected, he continued his pyrochemical work, and 
his investigation of the thiophen derivatives, and began with Paul 
Jacobson the admirable ^^Text-book of Organic Chemistry,” which, in 
the critical selection and arrangement of its material, is still unsur- 
passed. 

With Auwers, he resumed the study of benzil and its derivatives 
which he had begun with Wittenberg and Goldschmidt. With 
Miinchmeyer, he began the study of the behaviour of phenylhydrazine 
towards various groups of pxygen compounds, and he sent a short 
paper to the Berichte on thiodiglycol compounds, and on an easy 
method of preparing ^dodopropionic acid from glycerol. With 
Demuth, he undertook the investigation of the sulphuraneS, a group 
of disulphides of the general formula SR. Other papers 

were on the density of nitric oxide, which, showed no evidence of asso- 
ciation or molecular duplication even at — 100°; on isophthalaldehyde ; 
on the negative nature of the phenyl group; and on isodibromo- 
succinic acid. 

It was characteristic of his receptivity that Meyer should bo among 
the earliest workers in Germany to perceive the value of Raoult’s 
method of ascertaining molecular weights ; it was first used in the 


Gottingen laboratory to determine the molecular weight of some 
derivatives of benzil which yielded two series of isomeric compounds, 


series having the same constitution, in the ordinary sense, hut 
Tl^hicb;„ %ere yet distinct from one another and yielded different 


this period were on the thio-derivatives of deoxy- 
j^^ogues (desaurins), and, with Riecke, on the 
;^bon atom.S of interest as an 

the imagination/^ mi mey 
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be studied in connection with an earlier paper in 1876 (Anmlen, 
1876, 180, 192) on the same subject, as showing how he grafted the 
theoretical conceptions of van^t HofE upon the teaching of Kekuld, 
According to Meyer, the carbon atom is surrounded by an ethereal 
shell which, in the case of an isolated atom, has a spherical form ; the 
atom itself is the carrier of the specific affinities, the surface of the 
shell is the seat of the valencies ; each affinity is determined by the 
existence of two opposite electrical poles, which are situated at the 
end-points of a straight line small in comparison with the diameter 
of the ethereal shell. Such a system of two electric poles is called a 
double- or di-pole. The four valencies of a carbon atom would be re- 
presented by four such di-poles, the middle points of which are 
situated on the surface of the ethereal shell, but freely movable 
within it. The di-poles themselves can rotate freely round their 
middle point* The carbon atom has a greater attraction for positive 
than for negative electricity, and the positive pole of a valency is 
slightly stronger than the negative pole. This hypothesis explains 
why the four valencies take up the position of a regular tetrahedron ; 
why they can be diverted from this position ; why the valencies of 
one and the same carbon atom cannot combine together, whilst the 
valencies of different carbon atoms can do so ; why there are two 
kinds of single-binding, ^^ne stable, and the other allowing free 
rotation ; and lastly, why free rotation ceases in cases of double- or 
treble-binding (£er,, 1888, 21, 946 ; compare Abstr., 1888, 549). 

Stereochemical questions — we owe the phrase to Meyer — were 
indeed at this time occupying much of his thought. In a paper with 
Auwers (Ber,, 1888, 21, 784), he pointed out that the existence of the 
two isomeric dioximes of benzil, discovered by him in conjunction 
with Goldschmidt, would, if for both the formula 
O(N-OH)* O(N-OH)^ 0^11^ 

were established, be in direct contradiction to the hypothesis of van’t 
Hoff that two carbon atoms united by a single affinity are free to 
rotate, the axis of rotation being the bond of union, and that isomerism 
is only possible for those substances of the type EO — OE, which 
cannot, by rotation round the common axis, be converted into the same 
form. The two dioximes were carefully compared as regards their 
melting points, solubilities in water, alcohol, ether, or acetic acid, 
and the conditions under which the a-form is converted into the 
)S-modification were ascertained. To further remove all doubt as to 
the possibility of merely physical isomerism, and to prove that the 
oximes are not only different from one another, but yield different 
derivatives reoonvertible into their respective oximes, the -propionic 
aud isobutyrie derivatives were prepared and compared* The result 
showed that the 4ioximes were of identical chemical composition, and 
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hence it appeared that van^t Hoff's hypothesis must be so altered as 
to admit of cases in which free rotation round the axis cannot take 
place, as otherwise no explanation of the isomerism of the a- and 
jS-dioximes is possible (compare Abstr., 1888, 597). 

He subsequently showed how the work of Bethmann, Graebe, and 
Baeyer confirmed these views. 'Wislicenus' theory as to the free rota- 
tion of singly-bound carbon atoms would appear to be limited to 
certain cases; absolutely free rotation is probably possible only when 
the substituting atoms or groups are identical ; where, as is the case 
in the majority of compounds, the atoms or groups are not identical, 
there will be some definite position of equilibrium ; only in cases where 
the substituting atoms or groups are equally negative will there be 
several positions of equilibrium 1890, 23, 2079 ; Abstr., 

1890, 1083). 

Meyer's perspicacity and critical insight are well illustrated in a 
lecture which he gave to the German Chemical Society in 1890 ^^On 
the Results and Aims of Stereochemical Research." It is of interest 
to the student as giving a fairly complete historical account of the 
development of space formulae, and more especially for its criticism of 
the work of Baeyer and Wislicenus on the stereochemical formulae of 
single-, double-, and treble-linked carbon compounds, and of the stereo- 
chemical conceptions of Hantzsch and Werner in the case of hitrogen 
compounds. 

With regard to the assumption that the nitrogen atom may be 
represented as a tetrahedron, and that the isomerism of the benz- 
aldoximes may be . similar to that of fumarie and maleic acids, it is 
pointed out that the structure of the oximes is in all probability not 
identical. Two isomeric forms of each of the unsymmetrioal oximes 
of the formula OB[~NIOXY are indicated by the ' hypothesis of 
Hantzsch and Werner, but they do not appear to exist. If the 
tetrahedral representation of the nitrogen atom were tenable, we 
should have to assume that substituted ammonias can exist in the 


isomeric forms and , but such bodies are not known. 


We must therefore assume that in ammonia the hydrogen atonm are 
placed symmetrically with regard to the nitrogen atom, and this can 
expression in a plane formula (Ren, 1890, 23, 667 ; compare 


be made here to the short paper on isomeric pmmes 
^ and the configuration pf rhydroisylamine, in 

2403), in which the authors 
l^vance of the oximes cannot 

^ ^ructuml ; ^s^Mlarity, but must h© squght for in the 
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] 3 ia>tuTe of the hydroxylanxine gtoup. AssuDaing the correctness of the 
theories of van't Hoff and WisUcenus regarding the arrangement of 
atoms in space, the combined effect of the attraction of the nitrogen 
and oxygen on the hydroxylic hydrogen of hydroxylamine would cause 
it to be in a plane different from that occupied by the remaining atoms 
in the molecule. This hypothesis suffices to explain all observed facts : 

a 

unsymmetrical oximes would therefore exist in two forms, OIIST-O and 

b 

a 

OIN-0. The difference between this theory and that of Hantzsch and 
6 H 

Werner is shown by the two, formulae, 


VH 

o:n 

(Hantzsch and Werner), 


and 


H 

o:n— 6 • 

(Auwers and Meyer). 


The formation of an oxime by the action of nitrous acid is readily 
accounted for on the ground that it is a substituted hydroxylamine ; 
moreover, the fact that no case of geometrical isomerism has ever been 
observed in the azo-, azoxy-, and imido-compounds tells in favour of 
this theory (compare Abstr., 1890, 1263). 

To this period belongs also the work on the azines ; on deoxybenzoin ; 
on the aromatic nitriles ; on tetramethylsuccinic acid ; and on the 
oximes of phenanthraquinone. 

Heyer was not destined to remain long in Gbttingen. The 
new laboratory was barely finished, when, in 1889, he received a 
< call ' to Heidelberg. Bunsen, full of years as of honours— ^the Nestor 
of Chemistry, as his friends were wont to call him — had expressed a 
wish to retire, and of all his many students there was none, he said, 
whom he wished more to take his place than he who, twenty-one 
years before, had worked with him in the modest little room of some 
four or five places, which had constituted his private laboratory. 
To Heidelberg accordingly Meyer went, with the coveted title of 
Geheimrath, and the promise of a new and enlarged laboratory, 
Adthongh only forty years of age, he was now, so far as worldly 
position was concerned, at the summit of bis career; he had returned 
to his Alma Mater and the rest of his days were to be given to her 
service. 

During his four years* stay in Gottingen he had in great measure 
recovered his health and with it the elasticity of his active, buoyant 
temperament. I saw him in Heidelberg in the spring of 1891, whOn 
husjr with the enlargemer^t of the ol4 laboratory; and it was 
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with a glance of pride — a pardonable pride — that he pointed out the 
places where he and I had worked with ‘ Papa ’ Bunsen, 

^ So kindly modest, all accomplished, wise,’ 

in the corner place near the window, towering above both of us. It 
was strange, too, to hear the sound of children’s voices and their 
laughter ; and the bustle of servants in what were formerly the silent,; 
half -deserted rooms overlooking the Wrede-platzj and stranger still 
to me was it, as we together called upon Bunsen, sitting solitarily 
in his rooms overlooking the Bunsen-strasse, to behold the meeting 
and to listen to the greeting of these two men — the memory of whose 
names and fame Heidelberg will cherish so long as Heidelberg exists. 
To all of us life has its dramas, and in some of these the incidents 
are as moving as those ever conjured up by playwright or poet. 

This was the last occasion on which I saw Meyer. How well I 
remember it 1 He was as bright, as active, as mentally vigorous as of 
old, although it was but too obvious that his physical strength was not 
the equal of his nervous energy. 

Meyer’s earliest experimental work at Heidelberg was mainly 
concerned with the continuation of investigations begun at Gottingen, 
But he was perpetually breaking new ground or seeking to clear up 
doubtful points in ground already partially explored. 

The classical labours of Frankland on zinc ethyl might be thought 
to have definitely established the chemistry of that substance, but 
even on such a comparatively simple matter as the action of oxygen on 
zinc ethyl there was room for still further inquiry, the white 
compound obtained hy Frankland, as the result of the oxidation of 
zinc ethyl, was regarded by him as a mixture of zinc oxide, ethexide, 
and acetate. It was found, however, by Meyer and Demuth to con** 
tain no acetate, but to be mainly composed of a peroxide, ZnEt’0*0Et, 
as proved by its power of liberating iodine from potassium iodide. 
The explosive character of the substance is thus explained. Zinc 
ethoxide, in fact, does not appear to have been prepared (^en, 1800, 
394). 

In conjunction with a number of his pupils — Krause, Freyer, 
Askenasy, and others— Meyer in 1891 began the investigation of a 
subject already associated with the name of his predecessor, namely, 
ph the conditions determining both the gradual and the explosiy© 
combustion of gaseous mixtures. Although a considerable amount of 

done, the results obtained, curious and 
.particulars, ded ^.to no very definite 

;; %t which combiuatiop occurrp^ 
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varied with the nature of the vessel, and depended upon whether the 
gases were confined or not. Ignition takes place at a lower tempera- 
ture when the mixture is in a closed vessel than when passing freely 
through an open tube. If, however, an open vessel containing the 
mixture is heated suddenly, explosion takes place at the lower 
temperature. In the cases of gradual union, no relation between time 
and amount of combination could be perceived. As showing the 
influence of the nature of the surface, it was found that, when the 
bulbs were silvered inside, the union of oxygen and hydrogen was 
rapidly effected at a temperature of about 200°, whereas in an un- 
silvered bulb the gaseous mixture had to be heated to above 530° 
before any sensible amount of water was produced. The principal 
quantitative results are embodied in the following table in which the 
mixture did not explode at the lower temperature in each column, 
but did so at the higher : 

Equivalent mixtures. Free current. 

Hydrogen, oxygen ...... 650 — 730° 

Methane, oxygen 650 — 730 

Ethane, oxygen 606—650 

Ethylene, oxygen 606 — 660 

Carbon monoxide, oxygen .4....... 650 — 730 

Hydrogen sulphide, oxygen 316 — 320 

Hydrogen, chlorine 430 — 440 

In a subsequent paper with Miinch (.Ser., 1893, 26, 2421), the 
temperatures of explosion of gaseous mixtures were determined by 
placing the vessel containing the gases inside the bulb of an air 
thermometer immersed in a metal bath. The mixture of a gas with 
the amount of oxygen theoretically necessary for its complete com- 
bustion was passed through a fine tube to the bottom of the internal 
vessel, and lighted as it issued from the mouth of the exit tube. At 
a certain temperature, the flame ran down the tube and the con- 
tents of the vessel exploded. This temperature — the temperature of 
explosion — was determined by displacing the air contained in the air 
thermometer by means of hydrogen chloride, collecting it over water, 
and measuring it. In 88 experiments with a mixture of hydrogen 
and oxygen (pure electrolytic gas), the temperature of explosion 
varied from 620° to 680°, being about 660° in mean. The tempera- 
ture is not affected by variations in the rapidity with which the 
gaseous mixture enters the glass vessel, or by the px'esence of frag- 
hients of glass or sand. In presence of platinum, the gases com^ 
bine quietly, and if the glass vessel is very small no explosion occurs* 
The temperatures of explosion of a number of aliphatic hydro- 


closed bulbs. 

530—606° 

606—650 

630—606 

530—606 

660—730 

250—270 

240—270 
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carboils^ mixed with equivalent amounts of oxygen, were theh 
determined as follows : 

Methane ...... 666 — 678° Propane 646 — 648 

Ethane 606 --622 Propylene ... 497 — 511 

Ethylene, 677 — 690 isoButane .*» 645—560 

Acetylene 609 — 615 woButylene*,. 637-^648 

Ooal-gas witla 3 times its volume of oxygen ... 647—649 

It Vrould thus appear that the temperature of explosion falls as the 
number of the carbon atoms in the molecule increases; that it is 
probably lower for primary than for corresponding secondary hydro- 
carbons ; and is less for hydrocarbons containing a double bond than for 
those containing only single bonds, and still less for those containing 
a triple bond (compare Abstr., 1894, ii, 11). 

Mention may here be made of the work done, in conjunction with 
Bodenstein, on the decomposition of gaseous hydrogen iodide by heat* 
This gas was selected for the reason that the action of heat upon 
it is reversible, and hence it might be expected that the establishment 
of a condition of equilibrium will be in no way influenced by the 
many disturbing circumstances which were found to occur in the case 
of other gaseous mixtures. 

Combination of hydrogen and iodine vapour takes place even at 
444° (b. p. of sulphur), and the hydrogen iodide formed is far more 
stable, at all events in the dark, than has hitherto been supposed. It is, 
however, very sensitive to light. In bulbs which were exposed for 
10 days to direct sunshine, 58.per cent, of the gas wae decomposed, 
and when exposed throughout the sumther, practically tJie ^WSole of 
the gas is solved into its constituents. Experiments on 
of the amount of decomposition to temperature gave the following 
results ; , 

Relative amount of HI decomposed, as 
, ^ determined 

Temperature of boiling By decomposition. By direct union. 

Sulphur 444° 0*2160 0*2104 

Betene 394 0*1967 — 

Mercury 350 0*1731 0*1738 


At 310° (b* p. of diphenylamine) the relative amount of HI decom- 
posed was 0*1669, instead of 0*1660 as calculated from the above 
The d^ between the observed and (^Ichlated results 
‘ that the heat of formation of hydrogen 

negative X - 1600°, Thomsen), but 
at temperatures such as 350-1444° 
Hoffs prin- 
the heaVof formation at these 
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temperatuires is positive. There must, therefore, be a temperature 
at which the heat of formation is zero,, and at which also the decoxh- 
positiOmis at a minimuitii This point, as the experiments show, lies 
between SIO® and 360^, and caldulatidn by Van^t Hoff^s formula 
showed that it is at 32i°. As it was found that two bulbs heated under 
the same conditions always gave the same result, it Was possible to 
study the decomposition as a time reaction, and by the formula given 
by jN*ernst. The constancy in the values actually obtained for each 
of the foregoing temperatures showed that, in the case of the decom- 
position of hydrogen iodide by heat, the change occurs in a perfectly 
regular maimer 1893, 26, 1146 ; compare Abstr., 1893, 

ii, 869). . ' 

This short account of Meyer’s labours in physical chemistry may 
conclude with a brief reference to the determinations of the fusing 
points of salts melting only at relatively high temperatures, which he 
made in concert with his pupils. These he was able to obtain by the 
aid of the platinum air-thermometer he described in conjunction 
with Freyer* The following is a list of his final values : 

Sodium chloride...... 816° Sodium biborate 878° 

Sodium bromide. . . » 767 Sodium sulphate . * . . . 863 

Sodium iodide ...... 661 Potassium sulphate 1078 

Potassium chloride... 800 Oeesium iodide ...... 621 

Potassium bromide... 722 Calcium chloride ... 806 

Potassium iodide ... 684 Strontium chloride. . . 832 

Potassium carbonate 878 Barium chloride 921 

Sodium carbonate ... 849 Rubidium iodide ... 641 

(Compare Heycock and Neville, Trans., 1895, 67, 190). 

In 1892, Meyer and Wachter made known the possibility^ of the 
existence of a class of aromatic derivatives, known as the iodoso- 
compounds, in which the monovalent group 10 replaces hydrogen. 
The first representative of the series was iodosobenzoic acid, 
which they obtained by the action of fuming nitric acid or a boiling 
and acidified solution of potassium permanganate upon orthoiodo- 
benzoic acid. It is a crystalline, solid substance, melting at about 
200°, sparingly soluble in water or ether. It liberates iodine from 
potassium iodide, and chlorine from hydrochloric acid, forming 
orthoiodobenzoic acid. It is an extremely feeble acid, and its silver 
salt when dry is highly explosive. 

No iodoso-derivatives could be obtained from meta- or para-iodo* 
benzoic acids. Of the two iodoparatoluic acids, the one in which 
the iodine atom occupies the ortho-position to the carboxyl group 
yields an iod<^o-derivative similar to iodosobenzoic acid, but the 
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isomeric acid does not yield a corresponding compound* If, howeveif* 
paraiodobenaoic acid be previously nitoted, it may be converted by the 
further action of fuming nitric acid into an iodoso-derivatiye^ 
I0*0gH3(!N^02)'C02B[. In like manner, the iodoparatoluic acid may 
be made to yield an iodoso-compound by previous nitration 
1893,26,1354). 

By the further action of oxygen on an alkaline solution of iodoso- 
benzoic acid, iodoxybenzoic acid, lOg’OgH^'OOgH, is formed, a white, 
crystalline substance, turning red on exposure to light, and deoom^ 
posing with explosion at 233°. It is a much stronger acid than the 
iodoso-derivative, forms moderately stable salts, and gives character- 
istic colour reactions with aniline and phenol (Ber., 1893, 26, 1727 ; 
compare Abstn, 1893, i, 577). 

.Hartmann and Meyer found that when iodosobenzene, CgH^'lO, is 
dissolved in strong sulphuric acid, the solution, on dilution with water, 
yields the sulphate of a base, phenyliodophenyliodonium hydroxide, 




A similar change occurs with paraiodosotoluene. The free bases 
have a strong alkaline reaction, and form characteristic crystalline 
salts. 

Meyer was thus led to the discovery of a remarkable group of 
substances known as the iodonium compounds, the simplest aromatic 
representative of which is diphenylipdonium, hydroxide, 



These bases are compounds in which two of the valencies of the 
iodine atom are satisfied by axiomatic radicles whilst the third is 
satisfied in the free base by hydroxyl, and in the salts by an acid 
radicle. The iodonium bases are readily soluble in water, are strongly 
alkaline, and in their behaviour, as in that of their salts, show a 
remarkable similarity with the derivatives of silver, lead, and, more 
particularly, thallium. These bases are formed by the decomposition 
of the iodoso- and iodo-hydrocarbons under various conditions ; for ex- 
ample, by the action of moist silver oxide upon an intimate mixture of 
^uivalent proportions of iodosobenzene and iodoxybenzene, 

I. 

iSy tlxe to the aqueous solution, diphenyl- 

jl^onitonidiMip J^ This compound stands in the same 

to iodqhima^^ ^at^ t^ iodide does to 
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Jiaetliyl sulphide, and as tetramethylammonium iodide does to tri- 
methylamine. It crystallises from alcohol in long, pale yellow needles, 
and decomposes on heating almost quantitatively into iodobenzene, 

If the decomposition is started at one point, it proceeds through the 
whole mass with development of heat. 

The existence of these remarkable bases and salts, which recall 
the sulphonium-, ammonium-, arsonium-compounds, &c., shows that 
a complex which is composed of one iodine atom and two molecules 
of phenyl, that is, of constituents which are otherwise negative, 
possesses strongly basic properties. From the general behaviour of 

-Q PT 

the iodonium compounds, it is evident that the complex or 

radicles) possesses 

the function of a metal analogous to thallium (compare Lehrhuch der 
Organischen Ghemie^ Meyer and Jacobson, 2, 127). 

It is interesting to note that the physiological action of the 
diphenyliodonium chloride resembles that of ammonium salts on the 
one hand, and of heavy metals, such as lead and thallium, on the 
other. Doses of 0*02— 0'03 gram produce total paralysis in frogs, 
both the motor nerve-ending and the muscle substance being affected. 
A dose of 0‘08 per kilo* proves fatal to rabbits, the spinal chord and 
meduUa oblongata being also affected* 

A study of the conditions determining the formation and hydrolysis 
of ethereal salts of aromatic acids occupied Meyer, in conjunction with 
"his pupils, and more especially Sudborough, from 1894 up to the year 
of his death. It was found that benzoic acid and its substituted pro^ 
ducts, as a rule, readily yield practically the theoretical quantity of an 
ethereal salt when treated with methyl alcohol and hydrochloric acid 
in the cold. On the other hand, the symmetrical trisubstitution pro* 
ducts of benzoic acid yield no ethereal salts whatever under these 
conditions. This rule holds absolutely for all 1:3 : 5-trisubstitution 
derivatives of benzoic acid (Me, 01, Br, I, and COgH), except those 
containing one or more hydroxyl groups. The same is true of all 
substituted benzoic acids in which the 2 1 6 -hydrogen atoms (OO 2 H « 1 ) 
have been replaced by other atoms or groups. 

The acids which do not yield ethereal salts when treated with alcohol 
and hydrochloric acid can readily be converted into these substances 
by the action of methyl iodide on their silver salts, or of methyl alcohol 
on the acid chlorides. 

This remarkable difference in behaviour may be ascribed t6 a steireo# 
chemical cause, the substituent gtft>ups being supposed to hinder thi 
YOb. LXXVib Q 


in general (where B and are aromatic 
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introduction of the alkyl group to such an extent that under the 
prescribed conditions the reaction does not proceed.* Acids in which 
the carboxyl group is linked with the benzene nucleus by one or more 
carbon atoms readily undergo etherification. The constitution of a 
substituted benzoic acid may, therefore, be ascertained in this way, 
and the method may also be used for isolating or purifying those 
acids which will not undergo etherification. 

The nitrophthalic acids behave similarly : dinitrophthalic acid 

gives no ethereal salt, whilst 
the acid [NOg ; CO^H cCOgH: HOg-l :3:4:6] yields monalkyl 
salts. 1 ; 2 : 6-Dinitrobenzoic acid gives no ethereal salt (Abstr*, 
1895, i, 93)i Chloronitrobenzoic acid [OOgH! : NOg ; 01:^= 1 ; 2 : 6] yields 
no ethereal salt, showing that the rule applies when the substituents 
are dissimilar. Diortho-substituted benzoic acids are not etherified 
at low temperatures when one of the substituents is hydroxyl. 

Meyer was of opinion that etherification, in the case of analogous 
compounds, is diversely influenced by substituents of different relative 
mass. He imagined that those radicles which prevent etherification 
at high temperatures have a much ^greater relative mass than those 
which only hinder it at low temperatures, but it is probable that 
the methyl group and its normal homologues will produce almost 
identical effects, since the action is chiefly due to that carbon atom 
which is directly linked to the benzene nucleus. According to theory, 
those ethereal salts which are formed with greatest diflGLculty should 
be hydrolysed least readily, and such Meyei found to be generally the 
case.t ’ ' ■ ' , , , , 

These conclusions have been tested by Kellas {Zdt, 

1897, 24, 221), who has measured the velocity of etherification for a 
large number of monosubstitution derivatives of benzoic acid. Prom 
a study of the influence of temperature, and of the nature of the 
substituent, he has more precisely indicated the limits within which 
they may be regarded as generally true. 

Considerations of space preclude more than a bare reference to the 
work on the derivatives of ethyl dinitrophenylacetate ; on the in- 
doxazen group ; on the laws of substitution in the aliphatic series ; on 
the synthesis of triphenylacrylonitrile and on the isomerides of tri- 
phenylacrylic acid ; on the modes of introduction of acetyl groups 
into aromatic hydrocarbons; on the substitution of the hydrogen 
supposition has been modified by Wegscheider, who introduces Henry’s 
the formation of an additive compound between the alcohol and the 
Jfe^^eider, the ortho-substituents prevent the formation of 
however, Davis, TraUs., l906, 77, 
the benzoic series of aci9a,'but does not obtain for 
ihe acejac W pmeS^ W Trans., 1899, 
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in trinitrobenzene by alkaline metals ; on tbe fusibility of platinum ; 
on tbe formation of tetriodoethylene from diiodoacetylene ; on tbe 
durenecarboxylic acids ; on tbe action of potassium permanganate on 
hydrogen, methane, and carbon monoxide ; on tbe slow oxidation of 
hydrogen and carbon ; on tbe evolution of oxygen during reduction ; 
on bexabydrobenzopbenone and its oximes; and on dipbenylamine 
from ortbobromobenzoic acid. 

Meyer contributed to tbe literature of chemistry, either alone or in 
conjunction with bis pupils, upwards of 300 memoirs and papers. 

iN’o account of Meyer’s scientific activity would be complete with- 
out some allusion to tbe various pieces of apparatus with which be 
enriched operative chemistry. Reference has, already been made to 
bis methods of determining vapour density, and to bis mode of 
ascertaining tbe melting points of substances fusible only at high 
temperatures. He also greatly improved tbe methods of accurately 
determining tbe solubilities of substances at various temperatures. 
His form of water-bath is to be met with in many modern laboratories, 
surmounted, it may be, with the funnel-shaped cover which be devised 
to prevent access of dust to the evaporating liquid. Particularly 
neat and convenient are tbe drying ovens be constructed in which 
constant temperatures are obtained by means of liquids of different 
boiling points, for example, toluene, xylene, anisoil, &c. 

Analytical chemistry bad little attraction for Meyer, and, beyond 
bis mode of diagnosing primary, secondary, and tertiary alcohols and 
alcoholic radicles by colour reactions (see p. 180) ; and the method 
be devised, with Jannasch, for tbe simultaneous determination of 
carbon, hydrogen, and nitrogen in the elementary analysis of organic 
substances, he made no contribution to this department of the science. 

As the director of a large chemical laboratory, and as a laboratory 
teacher, Meyer worthily followed in the footsteps of Bunsen. In 
proof of this, I may here quote the testimony of some of our Pellows 
who have worked under him. 

Mr. John I. Watts thus refers to him in the Zurich days ; 

^‘Victor Meyer as a teacher had a wonderful faculty of infusing enthusiasm 
into his students. He was constantly in the laboratory, and whether the pupil 
was engaged upon the analysis of some simple, well-known substance, or was 
pursuing, original investigation, he seemed somehow to succeed in making him 
feel how interesting was his work. Possessed of a very quick and active 
intelligence, he would point out the reason of the difficulties almost before the 
student had finished recounting them. He was himself a constant worker, 
and when engaged in his work he always appeared to be in a high state of 
pleasurable excitement.” 

Similar testimony is afforded by English chemists who were with 
him at Heidelberg. Dr. J. T. Hewitt writes : 

Q 2 
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Professor Meyer was universally liked by tbe men who bad tbe privilege 
of working under bim. He bad an extraordinary capacity for bard work, and 
bis example, together with tbe interest be took in bis men, induced in them a 
more or less similar love of work. After tbe morning lecture, wbicb in tbe 
summer semester was at eight, be would come round tbe laboratory and see 
bow every one was getting on, though of course be spent more time with 
those who were doing joint work with bim than with those who were working 
with tbe other professors. We used very often to see him again during tbe 
morning, and at least once in the afternoon. In 1891, when I first went to 
Heidelberg, tbe most important work being done was on tbe slow combustion 
of electrolytic gas, and, not only those who were actually working on this 
subject, but every one else in tbe laboratory, used to take great interest in 
what was going on. Meyer’s way of taking up old pieces of bis work again 
and again meant that a very varied sort of work was done in tbe laboratory ; 
for example, in consequence of Nefs criticism, nitro-fatty compounds were 
again examined, tbe result on tbe students being excellent, in that their 
general interest in chemistry was aroused. Meyer, as you well know, was an 
excellent speaker, not only in tbe lecture room, but in taking the chair at 
meetings of tbe Heidelberger Cbemiscbe Gesellscbaft, when be was seen to 
great advantage.” 

Dr. Sudborough, who served him as an assistant when in Heidelberg, 
writes : 

^^As organiser and director of tbe laboratories, Meyer undoubtedly exhibited 
great business qualities, and everything worked extremely smoothly, owing 
probably to tbe fact that bis staff bad been with bim for a number of years 
and were all on intimate terms of friendship with Mm. During tbe time I 
was an assistant, I bad opportunities of observing with what care he entered 
into even the minutest financial details in ^connection with the department, 

“In the laboratories he was extremely genial and pleasant, always havir^ a 
kindly word for the students, and taking a great interest in their work. 
Charactenstic, too, was the hopeful way in wMcb be always looked forward to 
the successful termination of each piece of work, and by tMs means endeavoured 
to keep up the interest of the student Every student who worked under him 
respected and honoured him as a scientific leader of the first rank, but in 
addition they felt a deep friendliness towards bim on account of tbe kindly 
interest be took in them and in their work. A goodly percentage of those 
carrying out * Arbeits ’ under bim were either English or American ; in fact, 
Meyer appears to have bad a predilection for English and American students. 

“ Mention must also be made of Meyer’s connection with tbe Heidelberg 
Gbemical Society, of wbicb be was an ardent supporter — in fact, may be said to 
have been its soul : be and Bemtbsen (of tbe Badische Anilin- u. Soda-Eabrik) 
Were tbe two presidents in my time and both were frequent contributors.” 

impressed one most about Victor Meyer, besides his 
^ ^ ^ ^ faculty he possessed 

of conferring some of b& ^nthh^ the students who worked under him* 

: ^ hfemteres^ subject ever so smallj 
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no student could work long with Victor Meyer without feeling that he had a 
part in a system ; that he was, in fact, one of the instruments by which the 
plans and ideas of a master mind were being shaped* Noticeable, too, was his 
wonderful power of grasping and remembering every little detail of the re- 
searches upon which he was at the moment engaged. At times, as many as 
thirty men would be working under him on subjects widely varying in 
character, yet in no case would he forget what each individual had been 
doing when he last visited him ; occasionally he would astonish the student 
by £wking him what had become of some (by the student) long-forgotten sub- 
stance, the properties of which he could remember most distinctly. 

“Every morning after his lecture he would enter the laboratories and 
personally not only visit the students who were working directly under him, 
but also those who were engaged in research with the other Professors and 
Privat-docenten of the department. 

“ Not only will Victor Meyer live imthe memory of those who worked under 
him as a leader in chemistry, but many will remember him as the genial and 
kindly host. On many evenings during the semester he would give either 
supper parties or small dances, and occasionally a ball, to which his students 
were welcomed, and when his caraaTaderie and great tact were especially 
noticeable to those of us who, being foreigners newly arrived, were unacquainted 
with the language and social customs of his country, 

“ Towards the last his wonderful memory began to fail. I remember meet- 
ing him in Heidelberg the year before his death and asking him something, 
I cannot now remember what, but at any rate he was unable to answer me at 
the time, and asked me to call and see him the next day. He, however, 
stopped and tied a knot on his pocket handkerchief, saying, “with a sad smile, 
^ my memory is not what it was,’ ” 

Meyer’s literary ability, combined with his power of lucid exposi- 
tion, made him an admirable writer of what are called popular 
science articles. He was a frequent contributor to the Ufaiwr- 
vnssemchqftliGlien Jdundschau, and a number of his essays appeared 
under the title of “Aus Natur und Wissensehaft ” (Heidelberg, 
1892). His love of natural scenery and his power of graphically 
describing it may be seen in his “Marztage in Kanarischen Archipel ” 
(Leipzig, 189 S), a record of travel, written during the enforced rest 
following upon one of his too frequent periods of nervous prostration. 

One who had studied him carefully and knew him well thus writes 
of his personal qualities and of the influence and attraction he exerted 
upon all who came in contact with him ; 

“ Victor Meyer had a remarkable power over men. Where he entered, there 
he soon became the centre ; each one listened to him, all collected round him* 
In the fascination he exercised there was nothing intentional or self-conscious ; 
it was far less the influence of a commanding strength than the working of an 
incomparably attractive and many-sided nature. To this, too, his appearance 
contriWted ; the finely chiselled head with the splendid blue eyes might, at 
first sight, betoken the artist, were it not that there was in the expresriva 
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features a rare blending of tbe lively temperament witb the contemplative 
calm of the philosopher. 

In the circle of his fellows he captivated all by the eagerness with which he 
followed anything new, discussing and elucidating it in a manner peculiarly 
his own; by the joyous, often enthusiastic, recognition of other men^s work, 
and by the warm-hearted interest he displayed in the scientific struggles of his 
juniors. In society, he showed himself an accomplished conversationalist and 
raconteur^ an intelligent and warmly appreciative connoisseur of the arts of 
music and literature. As a host, he studied the comfort of every guest in his 
house. At the ‘ Biertisch’ his sunny humour and overflowing wit diffused a 
general harmony ; and his enthusiastic love of natural scenery made him the 
most delightful of travelling companions.” (Paul Jacobson, in Naturvom, 
Rundschau, 12, 43 and 44, p. 19). 

Meyer^s merits were recognised in every land where science is 
cultivated. He was a corresponding member of the Academies of 
Munich, Berlin, XJpsala, and Gottingen, and an honorary member of 
many learned societies. The University of Konigsberg made him an 
Honorary Doctor of Medicine. The Royal Society gave him the 
Davy Medal in 1891. 

He was elected an Honorary Foreign Member of our Society in 
1883, and attended the celebration of our Jubilee in the spring of 
1891. Many of our Fellows will no doubt recall the stirring speech, 
instinct with a true eloquence, which he made at the banquet in 
responding to the toast of ** Our Foreign Members,” with its striking 
peroration ; — Moge die Chemical Society, neben alien ihren anderen 
schonen Aufgaben auch in Zukunft ihre vblkerverbindenden Ziele in 
so erfolgreicher Weise anstreben wie bisher, mbge Sie bliihen und 
gedeihen als eine Pflegst’atte der Wissenschaft, fiir ihr Vaterland 
vorerst, aber nicht minder fiir alle Tblker welche sich im friedlichen 
Wettbewerb wissenschaftlicber Arbeit verbiindet wissen.” 

May this aspiration be fulfilled I May the Chemical Society, in 
the years to come, continue, as in the past, to recognise, with a full 
and generous appreciation, the work of those across tho seas who 
engage with us in the friendly rivalry of scientific labour 1 

And may our action in thus recording tho services in our own 
annals of the gifted man whose 

“ prosperous labour fills 
The lips of men with honest praise,” 

tend in some degree, however small, to that consummation for which 
he so earnestly and so eloquently pleaded 1 
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XVIII . — Electrolytic Preparation of Induline Dyes. 

By Emeriqtje Charles Szaryasy, Ph.D. 

It has long been known that different colouring matters are formed 
when the electric current is allowed to pass through solutions of 
aniline salts. The first experiments bearing on this subject were made 
by Letheby in 1862 (this Journ., 16, 161), who electrolysed a 
solution of aniline sulphate between platinum electrodes> the cathode 
being immersed in dilute sulphuric acid in a porous cell, and observed 
the formation of a bluish-green dye on the anode, 

Goppelsroder {Farhen^ehtroohemishe Mittheilungen, Miihlhausen) 
electrolysed neutral or acid solutions of aniline salts j the 
dyes formed varied according to the salts, solvents, electrodes, and 
current densities employed. On electrolysing a solution of aniline 
hydrochloride for several hours, he obtained aniline-black mixed with 
small quantities of aniline-violet and ^^anilei’n.” If the aniline con*» 
tained toluidine, then mauvaniline, rosaniline, and leucaniline were 
also formed. Besides these colouring matters, he prepared a large 
number, the nature of which was not determined. 

Yoigt {ZeiL angew. Ghem,, 1894, 107), on electrolysing concentrated 
solutions of aniline sulphate, obtained rosaniline, saffranine, chrys- 
aniline, and paraleucaniline. 

Complex mixtures of colouring matters are evidently obtained by 
these methods, but no explanation has been given of the reactions 
which lead to their formation. In all probability, the production of 
dyes from aniline in this way is traceable primarily to the formation 
of azo-compounds by the action of electrolytic oxygen which may 
result either in the dehydrogenation of the amino-group and sub- 
sequent condensation, or in oxidation of the base to nitrobenzene and 
interaction of this with the excess of aniline. This view is supported 
by Eotondi's experiments (JahreBber., 1884, 270), as azo-, diazo-, 
amidoazo-j and diazo-amido-compounds were found among the pro- 
ducts of the electrolysis of solutions of aniline. 

These secondary effects necessarily complicate the reactions, but by 
far the greatest influence on the nature and quantity of the final 
products is exerted by the solvent, which, being ionisable, takes part 
in the electrolysis introducing new factors, which cause further secon- 
dary reactions. 

On studying the electrolytic preparation of colouring matters, it 
occurred to me that the process could be essentially simplified by 
electrolysing the aniline salts in a fused states the secondary 
reactions, due to the ionisation of the solvent, being eliminated, there 
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TOS good reason to hope for end products of a more homogeneous 
character. 

The present paper gives an account of the pxuncipal results I have 
obtained by electrolysing fused mixtures of aniline and aniline hydro- 
chloride, this salt being chosen as it has the advantage of melting 
comparatively easily and without decomposition. 

The preliminary experiments were made in glass tubes bent at 
right angles, the carbon electrodes being adjusted in the limbs of the 
tube, which was filled with aniline hydrochloride and kept at the 
desired temperature. When a current of 0*5 — 1 ampere was passed 
through the fused salt the mass soon turned blue. The colouring 
matter was formed on the anode, and could be better observed, when 

loose asbestos, was packed 
in the bend of the tube 
forming a diaphragm. In 
this case, the dye was only 
formed in the limb contain- 
ing the anode, that contain- 
ing the cathode remaining 
colourless. When the direc- 
tion of the current was re- 
versed, the other side be- 
came coloured, and at the 
same time the blue colour 
on the cathode was slowly 
destroyed. 

In the esqperiments on a 
larger scale, the substance 
was placed in a graphite 
crucible, A, which acted as 
the positive electrode. An- 
other graphite crucible, i?, 
of suitable dimensions was connected with the negative pole by 
a copper wire, fastened to the inner wall of the crucible and 
passing through the glass tube, (7, which served as a rotating 
axle. The upper part of B was closed with plaster of paris, D, to fix 
the axle and to protect the metallic connections. The contact between 
the two wire ends in F was effected by means of a mercury connection. 

- With the aid of a motor and the wheel, the inner crucible was 
slos^iy the melted mass kept in motion daring the 

of the mixture came into contact 
heated with a Bunsen 

boomer, the fused mass at the desired 
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The active surface of the anode is about twice as large as that 
of the cathode, so that a higher current density on the cathode is 
attained and also the reducing action of the latter, which naturally 
tends to diminish the yield, is restrained. 

The main advantage of this apparatus is that comparatively large 
quantities of the electrolyte form a thin layer between the two 
electrodes, and thus the resistance is very low. Graphite being a good 
conductor of heat, the temperature of the fused mass is uniform, this 
being an important condition in these reactions. 

I may mention that this apparatus is very suitable for electrolysing 
substances of high melting points, the only alteration to be made in 
this case being that the glass tube forming the axle is replaced by 
one of porcelain. 

After the electrolysis was completed, the product was poured into 
a flask, diluted with water, the excess of aniline hydrochloride decom- 
posed with sodium carbonate and the aniline removed by distillation 
with steam. The coloured substance remaining in the distillation flask 
was purified by subsequent washing with water and ether, and then 
extracted with methyl alcohol, in which it was very soluble. After 
extraction, a black powder remained, which consisted chiefly of aniline 
black, mixed with small quantities of graphite from the electrodes. 
The quantity of aniline black varied according to the conditions under 
which the electrolysis was carried out, as high current density and 
high temperature tend to increase the amount, whereas, under other 
conditions, very little is formed. 

This method, which merely separates the indulines from aniline 
black, was employed in determining the quantities of the products 
formed and ascertaining the most favourable conditions under which 
the current efficiency is the highest. The results obtained are 
arranged in the table on p. 210. In columns Da, and Dq respectively, 
the current densities on the anode and cathode are given, the 
numbers being calculated in amperes per square decimetre of electrode 
surface. 

Experiments 1 — 7 were made to determine the influence of current 
density, 8 — 11 that of the duration of the action, and 12 — 15 that of 
temperature. It will be seen that when J>a is approximately 0*8, the 
efficiency of the current is at its highest, but at the same time the 
temperature 'must ho maintained at about 160*^. The experiments 
also show that as the electrolytic action is prolonged, the product per 
unit of electric energy becomes less, so that only 20 per cent, of the 
original material can he profitably transformed into the dye, but as 
the aniline is recovered almost quantitatively, when separating the 
products, the yield amounts to 86—90 per cent, of that actually used. 
The colouring matter extracted with methyl alcohol consists of a 
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Series. 

Volt. 

Da* 

A. 

Duration of 
experiments 
in hours. 

Temperature. 

Product in 
grams per 

1 amp. hour. 

1 

2*9-- 3-2 

0-67 

1*2 

3 

160** 

1*64 

2 

3 — 3*2 

0-7 

1*48 

3 

160 


a 

3 3*5 

0*8 

1*7 

3 

160 

2*6 

4: 

3-2-- 5 

1-03 

2*2 

3 

160 

21 

6 

4*5— 5 

1*12 

2*6 

3 

160 

1*86 

G 

5'4— 7 

2*2 

4*5 

8 

160 

1*64 

7 


3*2 

5*5 

3 

160 

1*46 

8 

3 — 35 

0*8 

1*7 

2 

160 

2*7 

9 

3 — 3*6- 

0*8 

1-7 

6 

160 

1*9 


3 — 3-5 

0-8 

1*7 

8 

160 

1-3 

11 

3 — 3-6 

0*8 

1*7 

IG 

160 


12 

5—7 

0*8 

1*7 


120 

1*8 

13 

4—6 

0*8 

1-7 



2*3 

14 

2—3 

0*8 

1*7 


180 

1-67 

15 

2—8 

0*8 

X-7 


210 

1*1 


mixture of hydrochlorides of bases of the induline class, and in acid 
solution dyes silk or wool, but has no affinity for cotton. It may be 
remarked that this mode of preparation resembles the well known 
induline process,’* inasmuch as a mixture of indulines is produced, 
the nature of which, as well as the proportions existing between 
the constituents obtained, depends largely upon the temperature 
at which the reaction takes place and the manner in which it is 
conducted. 


Separation of the Dyes, 

When electrolysing with low current density at a comparatwely 
low temperature, several colouring matters are formed, which are 
soluble in water ; from, these I succeeded in separating induline ” and 
<‘62,4 anilinoinduline,” first described by O. Fischer and Hepp 
{Anncdm, 266, 262, 266, 272, 286), 

The colouring matter was dissolved in 60 per cent, acetic acid, and 
concentrated hydrochloric acid was added to the violet solution. 
After some time, a crystalline precipitate, A, separated, which was 
removed by filtration. Sodium chloride was then added to the 
filtrate, and a precipitate, j 5, obtained consisting of a mixture of 
several dyes which dissolved in hot water forming a dark blue 


-The aqueous solution, on the addition of caustic 
_ ^ Agitate which was soluble in benssene, and from the 

small crystals were obtained. After 
^ a mixture of light petroleum and 

timj product obte^ed in reddish-brown needles 5 it 
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melted at about 206^, and dissolved in concentrated sulphuric acid 
with a violet colour. On analysis, it proved to be induline. 

Found 0 = 79*37 ; H = 4*9 ; N=* 16*35 per cent. 

OjsH^gN'g requires 0 = 79*70; H = 4*79; N = 15*49 per cent. 

Precipitate A, — This precipitate was examined in the same way, 
the crystalline powder which separated from the solution in benzene 
being recrystallised several times from this solvent. When pure, the 
product formed small prisms with a metallic lustre, and melted at 
about 160° It dissolved in strong sulphuric acid with a dark blue 
colour, which, on the addition of water, became violet. On analysis 
it gave numbers agreeing with those required for B2,4 anilino* 
induline.*’ 

Found 0 = 79*73; H = 5*30; N = 15*22 per cent. 

Og^HjghT^ requires 0 = 79*55 ; H = 4*98 ; K = 15*47 per cent. 

When the conditions of experiment were varied by increasing the 
current density, and the temperature was maintained at 160 — 170° 
during the electrolysis, it was found that only small quantities of 
soluble indulines were formed, and that the induline 6B,'’ described 
by Witt and Thomas (Trans., 1883, 43, 112), occurred among the 
products. This separated in a crystalline form when the fused mass 
was allowed to cool very slowly, and was freed from soluble indulines 
by filtration and subsequent washing with alcohol, in which it is 
almost insoluble. It was then treated with alcoholic caustic soda, 
and the resulting base, after washing with water and then with 
dilute alcohol, was purified by repeated recrystallisation from aniline, 
from which it separated in greenish, glistening crystals. On analysis, 
it gave numbers agreeing with those required for induline 6B.^' 

Found 0 = 81*78 ; H = 5*23; 1^ = 13*10 per cent. 

OggHai^lSrg requires 0 = 81*66 ; H = 5*ll ; N = 13*23 per cent. 

Theory of the Process — Electrolytic Preparation of Azophenine, 

Induline dyes are formed by the action of azo- and amidoazo-com- 
pounds on the hydrochlorides of aromatic amines ; as an intermediate 
product, azophenine is formed, which plays a most important part in 
the formation of indulines. The formation of this compound is in all 
probability due to the oxidising effects of the azo-compounds, which 
decompose into jo-phenylenediamine and aniline with the elimination 
of ammonia. With these bases, the azophenine reacts yielding 
indulines. 

Only small quantities of the azo-compounds are found in the pro- 
ducts of electrolysis, as immediately after their formation interaction 
Wit4 tl^e aniline hydrochloride takes place. IJowever| it is certain 
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that azo-compounds arc the primary products, and are present in the 
early stages of the reaction. Their formation may be explained as 
follows. By the electrolytic decomposition of the aniline hydrochloride, 
chlorine is liberated at the anode, and reacting with the aminio 
hydrogen of the aniline effects dehydrogenation with the production 
of hydrogen chloride, hydrazobenzene, and azobenzene. So far as I 
am aware, only one instance of a similar reaction has yet been re- 
corded, namely, the formation of azobenzene by the action of bleaching 
powder on aniline dissolved in chloroform (Schmitt, J. pr. Ghem,^ 1878, 
[ii], 18, 196). As a rule, the halogens, when reacting with aniline, give 
rise to the formation of substitution products. 

Azophenine can be detected in the product of the electrolysis of a 
mixture of aniline hydrochloride and aniline, and may be obtained in 
considerable amount if the temperature is kept at 70 — 90° during the 
reaction. 

in one experiment, after the electrolysis had continued for 2 — 3 
hours, the product, after treatment with sodium carbonate and re- 
moval of the excess of aniline, formed a brownish powder, which, after 
being washed with hot water and alcohol, was dissolved in aniline. 
Prom this solution, brownish-red crystals separated, which, after re- 
crystallisation from benzene, melted at 239°. On analysis, it gave 
numbers agreeing with those calculated for azophenine. 

Found 0-82*05 ; H = 6*67; N* 12*73 per cent. 

requires 0 - 81*36 j H 5 *46 ^ N « 13*18 per cent. 

The substance formed a violet solution in concentrated sulphuric 
acid, gave a violet mass when heated with ^-phenylenediamine hydro- 
chloride, and, on reduction with tin and hydrochloric acid, formed a 
mixture of bases, among which aniline and y> phenylenediamine were 
detected. 

Briefly summarised, the results prove that (1) the chlorine produced 
by the electrolytic decomposition of aniline hydrochloride effects de- 
hydrogenation of aniline ; (2) under certain conditions, the azo-com- 
pounds thus formed interact with the aniline hydrochloride, forming 
(3) primarily azophenine, and (4) ultimately indulines. 

I propose to extend these investigations to the homologues of aniline 
and some other aromatic amines, and the results will, in due course, be 
communicated to the Society. 

Tins research has been carried on in the Davy-Faraday Besearch 
liabpratcHpy of the Eoyal Institution, and I take this opportunity of 
tend^ilg lay the Directors and to Dr. A* ScoWfoythe 

faeiKties me. 

EOYAU IlTSTITyXIOK. 
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Action of ChloToform and Potassium Hydroxide 
on o-Aminohenzoic Acid. 

By Walter J. Elliott, M.A. 

In a previous communication (Trans., 1896, 69, 1513), it has been 
shown that when chloroform and potassium hydroxide act on m-amino- 
benzoic acid under certain conditions, a compound is produced which 
condenses with phenylhydrazine, but does not yield a hydrazone. 
The results of analysis pointed to the formation of a compound of the 
formula ]SrH 2 - 05 H 3 (C 02 H)*CH 0 . 

The study of the action taking place when o-aminobenzoic acid is 
substituted for the meta-derivative has afforded further evidence of 
the formation of aldehydes, a hydrazone and semicarbazone having 
been isolated. Unfortunately, the yield is so small and the substance 
so soluble that the pure aldehyde has not been obtained, but de- 
rivatives have been prepared and analysed. Numerous attempts 
have been made to increase the yield with but slight success. The 
product, however, is more stable than that obtained from the meta- 
acid. 

It has been shown (Trans., 1898, 73, 145) that o-nitrobenzoic acid 
is far more stable towards chloroform and potassium hydroxide than 
the meta- and para-acids ; the o-amino-acid has also proved to be more 
stable towards these agents than its isomerides. 

The compound obtained from the meta-acid readily decomposes when 
boiled with water, yielding w-aminobenzoic acid again, and it was 
suggested (Trans., 1896, 69, 1517) that the decomposition was preceded 
by oxidation to aminophthalic acid, which, according to Miller (Anmlen, 
1881, 208, 245), decomposes with the formation of ^n-aminobenzoio 
acid. The greater stability of the compound formed from the ortho- 
acid can be understood if the aldehyde group does not enter the 
molecule in the ortho-position relatively to the carboxyl group as it 
does probably in the product from the meta-acid. Experiments have 
been carried out with y?-aminobenzoic acid which promise interesting 
results bearing on this point, and I hope shortly to resume the 
work. 

Experimental. 

The method adopted in the case of m-aminobenzoic acid (loc. cU.) was 
tried. 10 grams of o-aminobenzoic acid were added to a solution of 
20 grams of potassium hydroxide in about 200 c.c. of water, ahd the 
solution was boiled with 14 grams of chloroform for 45 minutes. 
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After acidifying with acetic acid, no precipitate was at first obtained^ 
but on standing, crystals separated, which proved to be unchanged 
a-aminobenzoic acid (m. p* 144°). Numerous similar experiments were 
made with varied proportions of the reacting substances and of water, 
but with similar results. When concentrated solutions were boiled 
for a long time, a small quantity of a reddish, resinous substance was 
precipitated by acetic acid ; the amount, however, was too small to 
admit of further examination. 

As no insoluble product had been obtained^ dilute sulphuric acid 
was substituted for acetic acid, and the product, after acidification, 
was shaken with ether. The residue, after distilling off the ether, 
was crystallised from water ; o-aminobenzoic acid separated out at 
first, but on concentrating the mother liquor, crystals were obtained 
having a melting point considerably below that of this substance. A 
solution of phenylhydrazine in acetic acid gave, with the mother 
liquor, a yellow precipitate at once. All attempts to isolate the 
aldehydo-acid from the ether extract have failed, as no medium has 
been found to separate it from o-aminobenzoic acid. The phenyl- 
hydrazone, however, has been prepared in sufficient quantity for ex- 
amination and analysis, although the task has been laborious, the yield 
being very small. 

Fhmylhydm&one of AM^hydo<>-cm%nohemoio Add^ 

. NHg- 0eH3(002H)*CH:N*NH- OgHfi. 

The method finally adopted for the preparation of the phenyl* 
hydrazone was as follows ; 10 grams of o-aminobenzoic acid were 
dissolved in a solution of 30 grams of potassium hydroxide in 160 
of water, and the solution heated to a temperature of 60° in a flask 
fitted with a reflux condenser ; 16 grams of chloroform were added 
gradually, and [the mixture heated for 3 hours. When cold, the 
product was acidified with excess of acetic acid, allowed to stand for 
an hour, filtered from crystals of the original acid, and treated with 
a solution of phenylhydrazine in acetic acid. The phenylhydrazone 
separated on standing as a bulky, yellow precipitate. It was washed 
with hot water, and crystallised twice from alcohol. The filtrate 
from the phenylhydrazone, when evaporated to a small bulk, treated 
with dilute sulphuric acid, and shaken with ether, yielded a large 
quantity of the original o-amino-acid* 

The recrystallised phenylhydrazone separated in small, yellow 
needles which: tueltM at 230°. It was insoluble in water, but fairly 
easily soluble in elcohoL ,The yield of the pure substance obtained 
from 10 ^ams of the acid never exceeded 0*5 gram, 

; On analy^, the following numbers were obtained ; 
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0*1445 gave 0*3476 COg and 0*0700 H^O. 0 = 65-60; H = 5*09. 

0*1997 „ 0*4827 002 „ 0*0946 HgO. 0 = 65*91 ; H«5*25. 

0*1092 „ 14*9 c.c. moist nitrogen at 13° and 763 mm. 157= 16*04* 

0*1134 „ 16*2 C.C. „ „ 15° „ 752 mm. N= 16*37* 

^ 14 ^ 13 ^ 2^8 0 s* 65*88 ; H= 5*09 ; N = 16*47 per cent. 

Numerous attempts have been made to obtain the aldehydo-acid 
from the hydrazone but without success. When boiled with dilute 
hydrochloric or sulphuric acid, the hydrazone dissolved, but was 
reprecipitated unchanged on carefully neutralising the solution. 
Decomposition apparently occurred with concentrated hydrochloric 
acid, but no definite product could be isolated, possibly owing to the 
small quantity of hydrazone available. 

One remarkable property of this substance is its power of forming 
salts sufficiently stable for analysis. The barium and silver salts 
have been prepared and analysed. 

Ba/rwm Salt, — A, dilute solution of ammonia was neutralised by 
excess of the hydrazone, filtered and treated with barium chloride 
solution. A yellow, crystalline precipitate separated, which was 
washed well with water and dried in a vacuum. It was found 
impossible to recrystallise the salt, as decomposition occurred on 
heating with water. 

0*2674 gave 0*0967 BaSO^. Ba=* 21*86. 

requires Ba= 21*24 per cent. 

Silver Salt — This salt is unstable but can be isolated if care is 
taken to exclude light during the preparation and to use cold solu- 
tions only. The hydrazone was dissolved in dilute ammonia solution, 
very dilute nitric acid was added until a precipitate just appeared, 
the solution was then filtered and silver nitrate solution added. The 
light yellow precipitate obtained was washed well with cold water 
and dried in a vacuum, 

0*1244 gave 0*0378 Ag. Ag*« 30*38. 

^H^isiOgNgAg requires Ag» 29*83 per cent. 

Sermcm^a^om of AUeh^^do-o-immohenzoio Acid. 

When a solution of semicarbazide hydrochloride was added to the 
filtrate obtained after acidifying the condensation product, as already 
described, a yellow precipitate separated on standing, which proved 
on analysis to be the semicarbazone of an aldehydo-o-aminobenzoic acid. 
The yield is even smaller than that of the phenylhydrazone. 

The semicarbazone is insoluble in water, and only sparingly soluble 
in dlctiiol, from which it separates in greenish -yellow, mioroscopio 
crystals melting at 24fi^, 
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0’1462 gave 33’5 c.c. moist nitrogen at 22° and 767 mm. N = 26’39. 
09Hjo03lSr4 requires 25*22 per cent. 

All attempts to prepare the aldehydo-acid from the semicar bazone 
have failed. 

1 hope to be able to publish in due course the results of an investi- 
gation of the action of chloroform and pofcassiura hydroxide on 
j?-aminobenzoic acid. 


X.X,~Anhydrous Sulphates oj the Form 2M"S04,E'2S04 ; 
especially those of Isometric Crystallisation. 

By Fredeeio R. Mallet. 

The mineral known as langbeinite was so named by Zuckschwetdt, 
who published a description of specimens from near Halberstadt, in 
Prussian Saxony, in 1891 {Zeit. angew. 1891, 356), his 

analyses of the substance being in close agreement with the formula 
2MgS04,K2S04. Crystals of the mineral were first discovered in 
1897,= by Siebert, and examined by Luedecke, who showed that 
they belonged to the tetartohedral group of the isometric system 
{Zdt Kry^t. 1898, 29, 255). So far as I have been able to 

ascertain, the mineral constitutes the first known example, either 
natural or artificial, of an anhydrous sulphate with the composition 
expressed by 2M"S04,R'2S04, and, after some investigation into the 
literature of the subject, I have met with descriptions of only two 
other analogous salts; namely, 20uS04,(NB4)2S04, produced by 
Rlobb in 1892(Con^«. rend., 1892, 115, 230), and 2MnS04,{NH4)2S04, 
formed by Lepierre in 1895 {Gomyt. rend., 1895, 120, 924), The 
copper salt was prepared by melting one part of crystallised cupric 
sulphate with three parts of ammonium sulphate, and driving off 
the excess of the latter by gentle heat, the double salt remaining 
in ** prisms.'' In obtaining the manganese compound, one part of 
crystallised manganese sulphate was fused with five parts of ammonium 
hydrogen sulphate, the excess of the latter decanted off, and the 
double salt, which forms isometric crystals, purified with boiling 
alcohol* Nickel and cobalt sulphates, treated like manganese sulphate, 
yields salts of the composition 3M"S04,2(NH4)2S04 {Compt rend., 
1892, 11^115), 

During an examiiiation of langbeinite, from the Mayo salt mines 
in the Punjab, a short account of which was read before the Mineral- 
ogical Society last April (ITm Mag., 1899, 12, 159), I noticed that 
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the mineral, T^hich fuses at a red heat, on cooling solidifies to a 
more or less distinctly crystallised mass. This observation naturally 
suggested that the salt might probably be artificially produced by 
the simple expedient of fusing magnesium sulphate and potassium 
sulphate together in the proper molecular proportion. On putting 
the question to the test, excellent results were obtained, the fused 
mixture solidifying to a highly crystalline mass, including, under 
favourable conditions, a large drusy cavity in the interior, lined by 
numerous well-formed octahedral crystals, often more than a milli- 
metre in diameter. 

As it seemed probable that other salts of similar constitution 
might be formed in the same way, I have spent some time lately in 
attempting their production, and a considerable number have been 
prepared; some of isometric crystallisai^n, like langbeinite, others 
in crystals with symmetry of lower grade. 

The sulphates of the bivalent and of the univalent metals fuse 
together at temperatures which vary considerably in different cases. 
Thus, the mixed salts of zinc and potassium melt below redness ; 
those of magnesium and potassium require a full red heat ; a yel- 
low heat is necessary with the sulphates of calcium and potassium, 
whilst for those of barium and potassium an incipient white heat is 
requisite. In all cases, the colourless mixtures fuse to a clear, trans- 
parent liquid. At the temperature of fusion, or not much above 
it, the mixed sulphates are in some cases nearly stable, scarcely 
any bubbles being given off, but, more commonly, such are elimin- 
ated, comparatively slowly in some instances, quite freely in others, 
a certain amount of sulphur trioxide being expelled, and a corre- 
sponding quantity of oxide of the bivalent metal disseminated through 
the product. If the temperature, however, is not raised unnecessarily 
high, and the matenal is allowed to cool as soon as fusion is com- 
plete, it dissolves in most cases so nearly perfectly in water that 
only a trifling residue — sometimes not more than an unweighable 
trace— of oxide is found in suspension.. 

The mixtures were generally dehydrated before fusion, in order 
to avoid the inconvenient intumescence which otherwise occurs. 
Bxeept in the case of salts liable to partial reduction on heating, the 
fusions were made in a platinum crucible. If allowed to cool therein, 
the product can sometimes be shaken out, but, as a rule, the fused 
material was poured into a (subsequently covered) nickel crucible, to 
which it very rarely adheres when cold. Different salts require some- 
what different treatment in obtaining the best results as to crystal- 
lisation. Thus, finer crystals of 2 MgS 04 ,K 2 S 04 were obtained by 
heating the mould nearly to redness, before pouring in the fn^d 
mass, than when the latter was cooled either more quickly or more 

VOL. LXXVII. B 
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slowly. The corresponding rubidium salt, on the other hand, crystal- 
lised better when poured into a cool mould. As a general rule, the 
most favourable results were obtained when the salts were cast at the 
lowest possible temperature. There is generally a certain amount of 
crepitation during the cooling and crystallisation of the material, 
which is more marked in some cases than in others. 

The first question which suggests itself in respect to the products, 
is whether they are homogeneous, in other words, whether they are 
composed of one salt, or more than one ; and, in this connection 
whether the crystals lining the drusy cavities have the sarde come* 
position as the rest of the materiaL In so far as the products 
displaying isometric characters are concerned, there is conclusive 
evidence that but one salt is present in each. 

(1) The crystallisation is the same throughout, although the 
crystals in the cavities, which are frequently attached on one side 
only, are naturally the most perfectly developed^ the whole of the 
upper (free) surface of the mass is generally covered by crystalline 
facets of the same kind, and the fractured surfaces of the material 
throughout display crystals, or at least crystal faces, similar to those 
in the cavities. 

(2) When fragments,* whether from the cavities or elsewhere, are 
examined under the microscope in parallel polarised light, all are 
isotropic.t 

(3) Fragments of the highly-coloured products containing nickel or 
cobalt, when examined with the microscope, show no indication, by 
difference in colour, of two salts being present. 

(4) In view of the above, it would be unnecessary labour to analyse 
the cj^stals in the cavities and the general mass of the substan^ 
separately, in the case of each salt. This has, however, been doneim 
respect to the magnesium potassium sulphate, which may be regarded 
as the type of the series, and it has been found, as shown by the 
analyses given below, that the least crystalline part of the fusion, that 
nearest to the mould, which cooled most rapidly, and the crystals in 
the cavities, have the same composition. 

* Preferably mounted in Canada balsam. 

t Sometimes a few scattered birefringent specks, formiug a, quite insignificant 
jMjrtion of tbe whole material, are included in the isotropic fragments j in other cases- 
none are visible. "Where present, they are probably due to theuorigiual mixture of 
sulitetes not having been in perfect molecular proportion, or to the proportion being 
durm by . the elimination of sulphur trioxide, previously 
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I. IsoMETEic Salts. 

Magnesium Potassium Sulphate, 2 MgS 04 ,K 2 S 04 . 

The mixed salts fuse at a full red heat, and during the cooling of the 
mass there is usually considerable intumescence, some of the material 
from the still liquid interior erupting through the surface crust. On 
breaking the solidified mass, a drusy cavity is found in the interior, 
which is of large size when the conditions of cooling “have been most 
favourable. The walls of the cavity are thickly covered by crystals, 
which are, geometrically, octahedrons, the eight faces being approxi- 
mately equally developed. The faces are most, commonly smooth and 
lustrous, but are often more or less cavernous, the edges of the 
hollows being parallel to those of the crystal faces. In many cases, 
the octahedral edges are replaced by faces of the rhombic dodecahedron. 
The crystals show a very strong tendency to group themselves with 
parallel orientation, as one result of which columns composed of 
interpenetrant octahedrons, with their vertical axes in line, are of 
frequent occurrence. Measurements of the crystal angles with a 
reflecting goniometer are given below. 

Measured. Calculated. • 

111 A m... 70° SS' 70° 32' 

111 A no 35 16 35 16 

In accordance with Luedecke’s determination of the natural crystals 
from Bernburg (?oc. cit.) as belonging to the tetartohedral group, it 
would seem that the octahedral faces on the artificial ones should be 
regarded as those of two tetrahedrons of opposite sign, and in this 
connection it is noteworthy that a ^tetrahedron is the predominant, or 
only, form in the corresponding salts of zinc, manganese, and cobalt. 
A-ttempts to settle the point by etching the crystals were not very 
d^isive. When exposed to water, or damp air, for some time, the 
faces of one set seem to become dull more quickly than those of the 
other, but the difference is not very sharply marked. The loss of 
lustre is due to the surfaces becoming pitted by numerous triangular 
hollows of the same character as the larger ones which produce the 
cavernous crystals. 

The crystals obtained by fusion* on which only the forms mentioned 
above have been noticed, are simpler than the natural ones examined 
by Luedecke, which were presumably formed from solution, and on 
which he discovered eight or nine different kinds of faces. 

Employing material from the same fusion, well-developed crystals 
from the interior, and a portion from the least crystalline part (neared 
the mould), were analysed separately, with the following results : 

R 2 
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Crystals Exterior. Calculated. 

SO 3 57-83 57-92 67*89 

MgO 19-29 19-28 19*41 

KjjO [ 22 * 88 ] [22‘80] 22-70 


100-00 100-00 100-00 

A portion of the salt, exposed in powder to the air until it ceased 
to gain in weight, was found to have increased 56*26 per cent.,* an 
increase of 56*44 per cent, being equivalent to 1 SHgO. Decomposition 
by hydration, therefore, evidently takes place in accordance with the 
equation: 

2MgS0^,E:2S04 rf- ISH^O = MgS04,K2S04,6H20 + MgS04,7H20, 

or, in the case of the natural alteration of the mineral, one molecule 
of langbeinite is converted into one molecule of picromerile, and one 
of epsomite {Min. Mag.^ 1899, 12, 163). 


Zinc Potassium Sulphate^ 2 ZnS 04 ,K 2 S 04 . 

This salt fuses below a red heat, or at a lower temperature than 
any of the other potassium double salts examined. None of them 
( 2 ZnS 04 ,K 2 S 04 included) intumesces on cooling as much as the 
magnesium salt just described ; the masses obtained do not include 
equally large cavities* and although well-developed crystals are to 
be found in the latter, th^ do not occur in such profusion. 

The salt crystallises in uninodified tetrahedrons, the faces of which 
ite generally striated parallel to the edges. The (Crystals are frequently 
more or cavernous. Owing to the concavity of the faces, the 
angles are ill-adapted for measurement by the reflecting goniometer, 
but measurement by contact showed no indication of divergence 
from the calculated (actual) angle of 70°32'. 

On analysis: 

SO 3 founds 48*2 9 j calculated — 48*31 per cent. 

When the salt was exposed to the air until the weight no longer 
increased, the absorption amounted to 46*74 per cent,, I 3 H 2 O requiring 
47*10 ; the salt therefore decomposes in the same way as the pre- 
vious one. 

* than medium humidity. The absorption varies, to 

of the air, and the products of hydration cannot be 
dried then takes place. The same remark applies to the 

ealtftdescsribed k.thf^ ;; 
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'Manganese Potassium Sulphate^ 2 MnS 04 ,K 2 S 04 . 

The salt forms pale reddish, unmodified tetrahedrons, with faces 
which are generally smooth and lustrous, but sometimes cavernous. 

Measured. Calculated. 

Ill A ITT 109°28'. 109°28'. 

The crystals show a tendency to group themselves with parallel 
orientation, and sometimes form columns composed of interpenetrant 
tetrahedrons in parallel position. 

On analysis : 

SO3 found = 50*46 ; calculated = 50*42 per cent. 

After exposure to the air until no further increase of weight took 
place, the absorption amounted to between 0*26 and 0*86 per cent, 
(according to the weather), which was evidently due to hygroscopic 
moisture only. In its stability, under the circumstances, the man* 
ganese potassium salt differs from the corresponding sulphates of 
magnesium, zinc, nickel, and cobalt ; and its non-decomposition by 
hydration, in accordance with an equation similar to that given for 
2MgS04,K2S0^, is in agreement with the experience of Tutton and 
others, who have been unsuccessful in all attempts to produce the 
salt MnS04,K2S04,6H20 (Trans., 1893, 63, 342 ; 1896, 69, 399). 


Nickel Potassium Sulphate, 2 NiS 04 ,K 2 S 04 . 

The brownish-yellow crystals of this salt are, geometrically, octa 
hedrons, but sometimes there is a certain amount of inequality in size 
between the two sets of planes, suggestive of + and — tetrahedrons. 
The solid angles of the octahedrons are occasionally truncated by 
minute faces of the cube. 

^ Measured. Calculated, 

111 A 111 = 70*^33' 70^32' 

111 A 100 = 64 47 64 44 

The crystals tend to group themselves with parallel orientation, 

A slight, but quite weighable, residue of nickel oxide was left on 
dissolving the salt in water, indicating loss of sulphur trioxide during 
fusion. 

On analysis: 

SO3 found = 49 *62; calculated = 49*65 per cent. 

On exposure to the atmosphere, the salt absorbs a large amount of 
water, but the exact proportion is difficult to estimate, on account of 
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efflorescence in air of medium humidity, and deliquescence when the 
air is damp. Results varying from 43J to 53 per cent., and more, 
were obtained, ISH^O requiring 48-41. 

Cobalt Potassium Sulphate^ 200804 ,^ 2 ^ 04 * 

The salt, is violet when hot and purplish-crimson after cooling, 
the crystals, as a rule, being somewhat more complex than those 
previously described. The predominant form is a tetrahedron, of 
which the trihedral solid angles are truncated by the faces of the 
tetrahedron of opposite sign, whilst the edges are frequently truncated 
by faces of the cube. The edges, again, between the + and - tetra- 
hedrons are sometimes replaced by very minute planes, which are, 
apparently, those of the rhombic dodecahedron, as they seem to make 
equal angles with the tetrahedral faces. Some crystals, also, are met 
with showing the faces of an unmodified tetrahedron only. "Not un- 
frequently, the crystals are distorted by elongation parallel to one 
edge of the predominant tetrahedron. 

Measured. Calculated. 


Ill A 111 108^53' 109*^28' 

ill A 111 70 14 70 32 , 


111 A 100 ......... 54 27 54 44 

The crystals are minute, but excellently developed, with smooth 
faces which have a considerable lustre when the mass of salt is first 
broken up. As this brilliancy js quickly lost on exposure to the air, 
the crystals measured were dipped in a dilute s^^tion of Canada 
balsam in bensseiie, but even so the reflections were tmsatisfactory. 
Henee^ deubtless, the discrepancy betweM- the meaafured teA ^Jcu- 
lated angle#. The crystals show a strong tendency tc arran^ theni- 
selves with parallel orientation. 

A slight, but quite weighable, residue of cobalt oxide was left on dis- 
solving the salt in water, indicating loss of sulphur trioxide during 
fusion. 

On analysis : 

8 O 3 found — 49*34 ; calculated — 49*69 per cent. 

On exposing the salt to the air until no further gain in weight took 
place, the increase amounted to 46-53 per cent., equivalent to about 
llIBgO, ISHgO requiring 48*35 per cent. The deficiency is probably 
due to the tendency of CoS 04 , 7 H 20 to effloresce. 

As ferrous iroh the preceding five bivalent 

metals in more than ohe serm of isom would, perhaps, 
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not be surprising if the compound 2 F 6 S 04 ,K 2 S 04 were found to crys- 
tallise in the isometric system. Whatever the possibilities of producing 
the salt in the wet way may be, it does not seem feasible to prepare it 
by fusion on account of the facility with which the ferrous sulphate 
decomposes and ferric oxide is produced. As the oxidation may take 
place by means of oxygen present in the sulphate, it cannot be pre- 
vented by effecting the fusion in a current of hydrogen. 

Magnesium Rubidium Sulphate, 2 MgS 04 ,Eb 2 S 04 . 

Magnesium rubidium sulphate crystallises almost as freely as the 
corresponding "^salt of potassium* The crystals are, geometrically, 
octahedral, with the edges often replaced by narrow faces of the 
rhombic dodecahedron. 

Measured. Calculated. 

Ill A 111 - 70°29V 70^32' 

111 A 110 = 35 15 36 16 

The crystals display a strong tendency to group themselves with 
parallel orientation. As one result of this, crystals resembling tetra- 
gonal prisms, with pyramidal terminations, are very common ; they 
are made up of numerous interpenetrant octahedrons, having their 
vertical axes in line, and their centres so close together that, on each 
side of the pseudo-prism, the lateral dodecahedral faces are united 
into one plane without striations. Yery frequently one pair of 
octahedral faces, for example, 111 and III, are comparatively large 
and cavernous, whilst the adjoining pair, ITl and Til, are rather 
smaller and smooth, and, where many crystals are in parallel position, 
those faces which are, similarly oriented are respectively cavernous 
or smooth. It is difficult to isolate crystals showing all eight 
octahedral faces so as to determine more decisively whether those 
of the positive and negative octants are differentiated in the way 
just indicated. 

On analysis ; 

SO 3 found ~47'42 ; calculated a*47‘32 per cent. 

On exposure to the ^ir until the weight no longer increased, the 
salt absorbed 45*71 per cent, of water, I 3 H 2 O requiring 46*14. 


Mixed 

The preceding include all the isometric double salts which have 
been prepared (rubidium and caesium sulphates yielding, with the 
one exception just described, birefringent crystals when fused 
with those of the preceding bivalent metals). Some mixed crys- 
tals, however, such as MgSO^^MnSO^vK^SO^ | 
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Mgm^,GoBO^,‘K^m^y ZnBO^fioBO^.K^SO^; and 2 MgS 04 ,KilbS 0 ^, 
have been prepared^ all of which are octahedral or tetrahedral in 
form. With the exception of the last, which much resembles the mag- 
nesium potassium, and magnesium rubidium, salts in the freedom with 
which it crystallises, such mixed salts do not crystallise as well as 
those containing two metals only. Doubtless many other such mixed 
crystals might likewise be produced. 

IL— Anisotropic Salts. 

The following sulphates have been fused together in the same 
molecular proportion as the preceding : 

(1) Potassium sulphate, with the sulphates of beryllium, cadmium, 
copper, calcium, strontium, barium, and lead, respectively. 

(2) Rubidium sulphate, with the sulphates of zinc, manganese, 
nickel, and cobalt, respectively. 

(3) CsBsium sulphate, with the sulphates of magnesium, zinc, 
manganese, nickel, and cobalt, respectively. 

(4) Magnesium sulphate, with thallium, lithium, sodium, and silver 
sulphates, respectively. 

The resulting products are all of non-isometric crystallisation, as 
shown, in most cases by their external characters, and in all by 
their birefringence.* While they have not, as yet, been examined in 
detail, it may be said that many of them afford no obvious indication 
of the two sulphates being otherwise than in uniform combination. 
More than one of the coloured products, however, show, by differ- 
ences in colour, that they are not homogeneous, a fact which is not 
only pertinent to these particular cases, but al^ Suggests <^utipn 
in forming conclusions as to those which absence' of colbhl* Wbuld 
make the r^bgnition of two interorystallised hire fringent salts jinore 
difficult. 

I propose ex^rimenting further, with a view to the production of 
other double salts of the same general type. 


XXL — C-Denmtives of Hydroxytriazole, 

By George Young, Ph^D., and Ernest Witham, B.A., B.Sc. 

; In the following pages, we describe two methods of preparing 
D-derivaMves of hydroxytriazole. The first consists in oxidising a semi- 
l&rb&^^^when act^^ place according to the general equation : 

(A.) = }4g^.^>C*0H + H20. 

^ Thst ceUtaming rubidium and mauganese is, in part, isotropic. 
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The h 3 rdroxytria 2 :oles formed in this way might equally well be repre- 

sented by the structural formula reaction, 

we have prepared three hydroxytriazoles in which H is C^Hg, 
wNOg-OgH^-, and OgHg-CHIOH- respectively. 

The second method is the condensation of an aromatic aldehyde 
with azodicarbamide. It has been previously shown by Young and 
Aanable (Trans., 1897, 71, 201) that benzaldehyde condenses with 
phenylazocarbamide in the presence of ferrous chloride to form di- 
phenylhydroxytriazole ; 

OgHg'OHO + C0Hg*N.N' CO'NHg = 

When starting this work, we hoped to find conditions under which 
aromatic aldehydes would condense with azodicarbamide to form 
carbamidohydroxytriazoles : 

E-CHO + NHg-OO-NIN-OO-NHa = + 

Our intention was to remove the carbamide -group by hydrolysis, 
with the object of obtaining, if possible, isomerides of the hydroxy- 
triazoles prepared by action A. In the end we were able to con- 
dense benzaldehyde and ?M-nitrobenzaldehyde with azodicarbamide, 
but under the conditions of the reaction, the carbamido-group was 
split off, and phenyl- and m-nitrophenyl-hydroxytriazole were 
respectively obtained : 

HN-IST. 

(B.) R- OHO + NHj- CO -N-.N- CO (1, . j^>C-OH + NH, + OOj. 

When E is the same group, ^the hydroxy triazole prepared by reaction 
A should be, from the structural formulse, isomeric with the product of 
reaction B. We have compared the two phenylhydroxy triazoles and the 
two nitrophenylhydroxytriazoles formed by these two actions, as also 
the acetyl derivatives prepared from them, but have been quite unable 
to distinguish in any way the products of A from those of B. The 
melting points of the pairs of substances were compared directly by 
attaching two capillary tubes to the thermometer. Such comparisons 
were repeated until we had satisfied ourselves that we could not 
distinguish between the melting points of the two substances. In so 
far as the object of our work was to ascertain the possibility of dis- 
tinguishing between position 3 and position 6 in the triazole ring 
when the E-hydrogen atom is present, the result must be regarded as 
altogether inconclusive. As the reactions by which the substances 
are prepared have to be carried out in alcohol ^at high temperatures 
under pressure, isomeric change might easily take place. On the 
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other hand, althoagh the pairs of hydroxy triazoles which we have 
studied are so alike that we have found ourselves unable to distinguish 
the product of one method of preparation from the product of the 
other, we would not deny the possibility of their being isomeric and 
not really identical. One of us, in conjunction with Mr. W . S. Oates? 
has prepared by similar actions two JSf-methyl-O-phenylhydroxytri-’ 
azoles which, although not quite identical in their properties, have 
been found to resemble each other so closely as to suggest that with 
methyl replaced by hydrogen, the differences might become so small as 
to escape detection. , Unfortunately, the substances obtained by us^ do 
not lend themselves to crystallographical examination. 

It is proposed to discuss this question of isomerism or identity 
and its relation to Knorr^s work on the constitution of pyrazole in a 
future paper. 

The products of the two reactions have the general properties of the 
hydroxytriazol es y they are weak acids, easily soluble in alkalis? 
forming red solutions, but at the same time are weak bases, being 
soluble in concentrated mineral acids. The ammonium salts dissociate 
when their aqueous solutions are warmed. The alkaline solutions do 
not reduce Fehling’s solution. 

It has been pointed out by Wedekind {Ber,^ 1898, 31, 949) that in 
cyclic compounds containing both carbon and nitrogen the substitution 
of a group for O-hydrogen tends to raise the melting point, whilst the 
same group introduced ^in the place of ST^hydrogen lowers the melting 
point. In agreement with this, the three C-derivatives of hydroxytri* 
azole described in the following pages are substances of higb melting 
> point, and fuse at temperatures above 300°. 


Mi p. 273-^.274". 
(Widman, 

29 , 1946 .) 


M. p. 288°. 

(Young, Trans., 1895, 

67, 1063.) 

M. p. 290° (Widman, Zoe. eit,) 


®5*So.o- 

M. p. 821—322° 
(This paper.) 


Expekimental, 


K-NH. 

Phmylhydro^rimoh^ O^H'O OgHg* 0— 

- ii ; A. frma BmmUemicarhazom, — Benzalsemicarbazone is 

solution of ferric chloride even on pro* 


:reilux 


apparatus, but when heated at'higher tern- 
oxidation to phenylhydroxytriazole takes 


plaoew The best r^lts were ohl^iaed by the use of slightly more 
than 1 molecular proportion of ferric chloride, and by heating at 
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126 — 1 30^ for 1 hour. After cooiiugy there was only a very slight 
pressure in the tube. The alcohol was expelled by distillation with 
steam, On cooling the residue, the product crystallised out in scales, 
and was pui'ified by solution in caustic soda and precipitation by 
sulphuric acid, and further by solution in aqueous ammonia and dis- 
sociation of the ammonium salt by boiling. The product formed 
white, crystalline scales which melted at 321 — 322° The melting 
point was not altered by fractional crystallisation from alcohoL 

0-1767 gave 0*3865 CO 2 and 0-0664 H^O. 0 « 59*65 j H=-4*17. 

0-1488 „ 33*2 C.C. moist nitrogen'at 16° and 761 mm, IT = 26*15. 
requires 0 = 59*62 ; H = 4*34 ; IT — 26*09 per cent. 

Phenylhydroxytriazole, prepared by this method, is easily soluble in 
hot alcohol, from which it is deposited on cooling as a white, crystal- 
line powder. It is easily soluble in alkalis or in warm potassium 
carbonate solution, and the alkaline solutions do not reduce Fehling's 
solution or silver nitrate even on prolonged boiling. It dissolves on 
warming with concentrated hydrochloric acid, and is reprecipitated 
unchanged by the addition of water. 

The solution of the ammonium salt yields, with silver nitrate, a 
heavy, white precipitate, the composition of which depends on the 
conditions of precipitation. 

Phenylhydroxytriazole was dissolved in hot aqueous ammonia, and 
the solution kept hot until separation of the hydroxytriazole had 
commenced ; it was then cooled and filtered, the filtrate containing 
just sufficient ammonia to keep the hydroxytriazole dissolved. To 
this a cold dilute solution of silver nitrate was added so long as pre- 
cipitation took place. The precipitate was collected, washed, finally 
with alcohol and ether, and dried at 110° until of constant weight. A 
silver determination showed the dried precipitate to be a mono-ailver 
salt, ' 

0-6896 gave 0*2396 Ag. Ag« 40*63. 

OgHgOlTgAg requires Ag =« 40*30 per cent. 

When, on the other hand, the phenylhydroxytriazole was dissolved 
in excess of " ammonia, the hot ammoniaoal solution pomed into the 
solution of silver nitrate, and the excess of ammonia driven ofE by 
heating, the resulting precipitate, after being dried at 110°, yielded on 
analysis an amount of silver corresponding to that required by a 
di-silver salt, 

1*6689 gave 0*9481 Ag. Ag«67-15. 

0 gH 50 N 8 Ag 2 requires Ag=a67’60 per cent. 

If the above conditions are not observed, the precipitate consists of 
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a mixture of the two salts. In one case when the mono-silver salt was 
allowed to stand in contact with an ammoniacal solution of silver 
nitrate, the analysis showed that a considerable amount had been con- 
verted into the di-silver salt. 

0*9877 gave 0*4369 Ag. Ags= 44*23 per cent. ■ 

When phenylhydroxytriazole is heated in a dry bulb-tube, it sublimes, 
and at the same time undergoes charring, accompanied by an odour 
of benzoic acid. A monoacetyl derivative, OgHg’CgHONg'CO'OHg, is 
formed by boiling phenylhydroxytriazole with acetic anhydride and 
sodium acetate. It is easily soluble in hot alcohol, but only slightly 
so in ether, and crystallises from alcohol in shining, colourless, flat 
needles which melt at 248°. It is easily hydrolysed by boiling with 
alcoholic potash. 

0*1741 gave 30*0 c.c. moist nitrogen at 11° and 768 mm. 20*75. 

CioHgOgFg requires N = 20*68 per cent. 

B. Preparation from Azodicarbamide and benz- 

aldehyde, in molecular proportion, were heated with ferrous chloride 
and alcohol in a sealed tube at 130° for 1 hour. There was a high 
pressure in the cooled tube. The contents were distilled with steam to 
remove alcohol and excess of benzaldehyde. The crystalline product 
was found to consist of phenylhydroxytriazole and hydrazodicarb- 
ainide, the latter being removed by treatment with boiling water, and 
the phenylhydroxytriazole purified in the manner desonbed on p. 227, 

0-1777 gaveO-3872 COg and 0*0685 H^O. C = 5ff‘42| H-4*28. 
0*1481 „ 0-3231 OO2 „ 0-0543 0 = 69*49 ; H = 4*07. 

^ 0*1456 „ 34*2 c.c. moist nitrogen at 15*6° and 739 min. lTW*2fi*67. 
requires G = 59*62 3 H=4*34 5 m =26*09 per cehli. 

The phenylhydroxytriazole, prepared by this method, melted at 
321 — 322°, and had the same properties as those described for the 
phenylhydroxytriazole prepared from benzalsemicarbazone. The silver 
salts and the acetyl derivative were prepared in the same way as those 
described above, and could not be distinguished from them. We 
confine ourselves to giving only the analytical data. 

Mono-silver salt, dried at 110°. 

1*2631 gave 0*5122 Ag. Ag = 40*55Jper cent. 

^ Bi-f ilver salt, dried at 110°. 

1*0756 gave Ag « 57*28 per cent, * ; 



0T7 76 gave fl*l nitrogen at 1 1° and 758 mm. N = 20*8 1 

"'.'.i'^cent/'' ■ 
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G-Vi-N\^oflmi/ylh/yi/roxytriawla, 

N-NH. NH-N. ^ 

myO^'K^-6 — '''' ITOg-OgH,; 


( 8 ) 


ti) 


( 1 ) 


^w-N’itrophenylhydroxy triazole was prepared in the same manner as 
phenylhydroxytriazole, on the one hand, from m-nitrobenzalsemi- 
carbazone (Thiele, Annalen, 1894, 283, 25) by oxidation with ferric 
chloride at 130 — 140°, and, on the other hand, by condensation of 
wi-nibrobenzaldehyde with azodicarbamide in the presence of ferrous 
chloride and alcohol at 130 — 135°. 

We were unable to distinguish between the two products. One de- 
scription will therefore suffice for both, as also for the corresponding 
silver salts and acetyl derivatives. Analyses marked ^ A ^ are those 
of the products from the semioarbazone, those marked ^ B/ belong to 
the azodicarbamide series. 

w-lTitrophenylhydroxytriazole crystallises from dilute alcohol in 
slightly yellow nodules, from glacial acetic acid in microscopic plates 
or needles, and melts at 304°, It is fairly soluble in hot alcohol, but 
insoluble in water, ether, and benzene. It is easily soluble in alkalis 
or in a warm aqueous solution of potassium carbonate, and the alkaline 
solutions do not reduce Fehling’s solution or silver nitrate. On 
boiling the ammoniacal solution, the hydroxytriazole separates out as 
a crystalline crust, and in this way may be readily purified. m-Nitro- 
phenylhydroxytriazole is easily soluble in hot concentrated hydro- 
chloric acid, and on dilution is reprecipitated unchanged. If the 
concentrated hydrochloric acid solution is cooled, the hydrochloride of 
the hydroxytriazole separates out. It is very unstable and commences 
to dissociate so soon as it is removed from the mother liquor. ^ 

A. 0*1770 gave 0*3031 COg and 0*0460 HgO. 0 = 46*70; H = 2*88. 

B. 0*1661 ,, 0*2831 002 „ 0*0448 H 2 O, 0 = 46*79; H=: 3*02. 

A. 0*1780 „ 40*2 C.C, moist nitrogen at 1 1° and 764 mm. N = 27*06. 

B. 0*1241 „ 28*5 C.C. „ „ 15° „ 766 mm. K = 27*13. 

0 gHe 03 K 4 requires 0 = 46*60 ; H = 2*90 ; 27*18 per cent. 

The mono- and di-silver salts were prepared in exactly the same 
manner as the corresponding salts of phenylhydroxytriazole. They 
were dried at 110° to a constant weight before analysis. 

The mono-silver salt formed a golden-yellow precipitate, and became 
brown on drying. 

A. 1*1424 gave 0*3953 Ag. Ag = 34*60. 

B. 1*2078 „ 0*4261 Ag. Ag = 36*27. 

OgHgOglSr^Ag requires Ag = 34*60 per cent. 
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The di-siher salt, when freshly precipitated, had a bright yellow 
colour, which changed on drying to a deep yellowish-red. 

A. 1*2672 gave 0*64:62 Ag. Ag* 50*99. 

E. 1*3566 „ 0*6867 Ag. Ag^ 50*62. 

' C 3 H 403 l!?' 4 Ag 3 requires Ag — 51*43 per cent. 

The acetyl derivatives were made by boiling the nitrophenylhydroxy- 
triazoles with acetic anhydride and sodium acetate. From both a 
monoacetyl derivative, NOg* OHOiNTg* OO’CHg, was formed, which 

crystallised from dilute alcohol as a yellow, crystalline powder melt•' 
ingat261 — 262^^, 

A, 0*1850 gave 37*0 c.c. moist nitrogen at 20° and 757 mm. N == 22*78. 

B. 0*1792 „ 34*9 c.c. „ „ 14° „ 755 mm, IT =« 22*75. 

requires IT =5 22*58 per cent. 

The acetyl derivative is easily hydrolysed by boiling with alkalis. 
On acidification of the alkaline solution, the m-nitrophenylhydroxy- 
triazole, melting at 304°, is precipitated, 

C-StyTmylhydTOxytrimohi OH^QH* 

We have prepared C-styrenylhydroxytriazole by one method only, 
namely, by oxidation of cinnamalsemicarbazone. 

CinTho^lsemicarhazoney OgHjOHJOH’ OHIN’HH’CO’lTHg, was pre- 
pared by ThieWs method (fee. dt,) tov the formation of aromatic 
semicarbazones. It can be recrystallised from boiling water, and then 
forms slightly yellow, shining plates, which melt at 216— r2l6°. It 
is easily soluble in warm alcohol, but less so in cold alcohol dc ether, 

0*1623 gave 0-3637 GOg and 0*0808 HgO. 0 = 63*34V 

0*1740 „ 34*4 c.c. moist nitrogen at 20° and 755*6 mm. IT = 22*47, 
Oj^H^jOITg requires 0 « 63*49 ; H = 5*82 ; IT = 22*22 per cent. 

Cinnamalsemicarbazone was oxidised to styrenylhydroxy triazole by 
heating with ferric chloride and alcohol in a sealed tube at 13 5-— 140° 
for one hour. The product smelt strongly of cinnamaldehyde, which 
was removed along with the alcohol by distillation with steam. The 
residue was filtered hot, and the precipitate recrystallised from alcohol, 
and finally from glacial acetic acid. The product so obtained melted 
at 311^ — 312°, and, on analysis, gave figures agreeing with those re- 
quired by styrenylhydroxytriazole. 

; mmi gave 0*4458 COg and 0*0865 HgO. 0 = 63*96 ; H « 4*99. 
r ■ 0*19^ ; ^ nitrogen at 11° and 760 mm. IT = 22*62. 

reqtur^S Q « 64*17 j H — 4*81 ; "KT =22*46 per cenK 

Stya:enylhy<h:oxytriazbie is rea^ in alcohol, hut only very 



YOVm ANB WITHAM : C-BEEIVATIVES OF HYDEOXYTRUZOLE, 231 

slightly so in benzene — from which it may be precipitated by the 
addition of light petroleum — and insoluble in water or ether. It 
is readily soluble in alkalis, and the alkaline solutions do not reduce 
Fehling’s solution. The ammoniacal solution, on warming, deposits 
the hydroxytriazole in slightly yellow, crystalline scales. It dissolves 
in concentrated hydrochloric acid, and in warm glacial acetic acid, 
from which it is deposited, on cooling, in microscopic plates. 

Styrenylhydroxytriazole forms two silver salts in the manner and 
under the same conditions as phenylhy dr oxy triazole. The mono-silver 
salt is formed as a faintly yellow precipitate which darkens slightly 
when dried at 100°. 

0*9788 gave 0*3628 Ag. Ag = 37*06. 

0;^(yHgON3Ag requires Ag=: 36*73 per cent. 

The di-silver salt was of a deeper yellow, and also darkened slightly 
when dried at 100°. 

1*2359 gave 0*6630 Ag. Ag- 63*64. 

CiQH.70IT3Ag2 requires Ag — 63*86 per cent. 

When styrenylhydroxytriazole is boiled with acetic anhydride and 
sodium acetate, the product consists of a mixture of two acetyl deriva- 
tives which, by treatment with ether and with light petroleum, can 
be easily separated into*a monoacetyl derivative melting at 241 — 242°, 
and a diacetyl derivative melting at 137- — 138°. 

■ The monoacetyl derivative, Oi0HgON3*CO*OH3, is easily soluble in 
alcohol, but only sparingly so in boiling ether, and almost insoluble in 
boiling light petroleum. It crystallises from dilute alcohol in small, 
white needles. 

0*1496 gave 24*3 c.c. moist nitrogen at 16° and 743 mm. N — 18*50, 
^12^-11^2^3 ^eqiiil^res N — 18*34 per cent. 

The diacetyl derivative, 0i3H.;.0N3(C2H80)2, is easily soluble in 
alcohol or boiling ether, and fairly so in cold ether or boiling light 
petroleum. From the last solvent, it crystallises in colourless nodules, 
but from dilute alcohol in small needles. 

0*1582 gave 21*3 c.c. moist nitrogen at 14*5° and 766 mm. N — 16*72* 
requires N* — 16*49 per cent. 

Both acetyl derivatives are easily hydrolysed by alkalis to styrenyl- 
hydroxytriazole melting at 311—312°. - 

We take this opportunity of thanking Mr, Fred. Ibbotson, B,Sc., 
for his assistance in the early stages of the work. 

, UlflTERSITY 0OI<r(EaE, 

SEnmnw). 
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XXII.— iV^oie on Volhard's Method for the Assay of 
Silver Bvllion. 


By Thomas Kieke Bose, D.Sc. 


The metliod of estimating silver by means of ammonium thiocyanate 
described by Yolhard {Ohem. New, 1878, 37, 77) gives results with 
pure silver which are said by van Kiemsdijk to be accurate to 0*25 
part per 1000 {Algemeen Yerslag* Munt-CoU^gieyld>^%i Appendix, 38). 

The general practice appears to be, after adding the normal solution, 
to make successive additions of decinormal solution, each sufficient to 
precipitate 0*25 milligram of silver, the reason assigned by van 
Riemsdijk being that an appreciable colour cannot be obtained without 
an excess of about that amount of the thiocyanate solution. 

A limit of accuracy of less than OT per 1000 of silver can, however, 
be obtained in testing the purity of fine silver by taking the following 
precautions. 

One gram of silver is dissolved in a slight excess of dilute nitric 
acid in a bottle fitted with a stopper and subjected to prolonged 
heating to expel all traces of nitrous acid. 100 o.c. of normal solution 
of ammonium thiocyanate are added from a burette found by repeated 
trials to deliver a constant quantity of solution, the variation in the 
amount being less than 0'0025 c.c. The strength of the normal 
solution is adjusted so that from 0 -6 to 1‘0 milligram of silver remains 
in solution. The bottle is then well shaken and its contents imme- 
diately filtered. The precipitate needs very little washing, as the loss 
of even 2 or 3 c.c. of the liquid woidd not afiect the result. Five c.c. of 
a ^turated solution of iron alum decolorised by nitric acid, or better 
still of ferric nitrate, are then added, and the decinormal solution of 
thiocyanate run in drop by drop. When all the silver is precipitated, 
the addition of one drop (0*05 c.c. equivalent to 0*06 milligram of 
silver) of the decinormal solution converts the colourless silver solution 
to one of a pale straw colour. An additional weight of 0*1 milligram 
in the silver originally taken is readily recognised in the final reading. 
No time is saved by omitting to filter off the main bulk of the 
precipitate, as it must then be allowed to settle after each addition of 
decinormal solution, and the end reaction is not observed so easily, 
ali^ot^h quite distinct when 0*25 c.c. is added at a time. 

Similar results can be obtained for alloys containing less than 60 


: of silver. The colour of the copper nitrate, 

maA the if more than this amount is present. In 


that event, th6 Hgti.^ staraw colour is not reached until the real limit is 


p^ed^ and it is neoes^ry to use checks of pure silver with the addition 
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of about the same amouut of copper as in the alloys to be assayed. 
With this precaution^ fairly good approximate assays can be obtained 
with alloys as low as 300 fine as indicated by "Volhard. 

This method is less liable to error, although far less rapid, than the 
Gay Xiussac method as ordinarily practised in Mints, the limit of 
accuracy of which is 0*2 to 0-3 per 1000, It has been used at the 
Boyal Mint in comparing the Silver Trial Plates now in course of 
preparation with those made in 1873. 

Royal Mint, London. 


XXIII . — The Chlorine Derivatives of Pyridine. Pa/rtV. 
The Constitution of Citrazinic Acid. Formation 
of i : G-Dichioropyridine and 2 : G-Diiodoisonicotinic 
Add. 

By W. J. Sell, M.A., and F. W. Dootson, M.A. 

The formation of citrazinic acid from citric acid renders it very 
probable that the hydroxyl groups in the former substance occupy 
the 2 : 6-positions relatively to. the nitrogen, but hitherto no direct 
evidence of this has been obtained. The importance of the deriva- 
tives of the acid, definite knowledge of whose constitution depends 
upon the correct orientation of the radicles in citrazinic acid, makes it 
desirable that we should possess further evidence on this point. 
The problem has previously been approached in several ways, but 
owing to the unexpected stability of dichloroisonicotinic acid, the 
results have been unsatisfactory. 

It has been pointed out in an earlier paper (Trans,, 1897, 71, 1082) 
that hydrogen atoms attached to a pyridine nucleus can be replaced 
with ease by chlorine by means of phosphorus pentachloride. It is 
here and elsewhere further shown that in aminopyridines the amino- 
group is not attacked by this reagent under the same conditions. 
Aminopyridines invariably yield aminochloropyridines with ph<Wh 
phorus pentachloride at a temperature of about 220®. 

jS-Hydroxyglutaramide was prepared and treated with phosphorus 
pentachloride. The product of the reaction was mainly tetracUoro- 
aminopyridine fusing at 174— 175® (uncorr.), in which the amino- 
group should be adjacent to the nitrogen, thus : 

Cl 

ci/V^ 

oil Jnh 
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a view wMcli is supported by other considerations (compare Trans. ^ 
1898,73, 779). 

By the action of phosphorus pentachloride on citrazinic acid, 
dichloroisonicotinic acid has been obtained (jSer., 1884, 17, 2694 ; 
TranSi, 1897, 71, 1069), and on fusion of the latter with caustic 
soda or potash, citrazinic acid is reformed (Trans.j 1897, 71, 1075), 
so that presumably there has been . no intramolecular migration of 
atoms, Dichloroisonicotinic acid, by its interaction with ammonia, 
yields chloroaminoisonicotinic acid, and the latter, on treatment With 
phosphorus pentachloride, loses its carboxyl group, yielding a tetta-^ 
chloroaminopyridine fusing at 174—175° (uncorr.), identical with 
the substance obtained from ^-hydroxyglutaric acid, as described 
above. These changes may be represented thus : 


OO^H OOgH 

h/\h _ 
ohI Joh cil joi 


COgH 01 

H|^H Olf^Cl 

Ciy NH, 


By these reactions, one of the OH groups is shown to be in the 
2-position relatively to the nitrogen. 

That both hydroxyl groups in citrazinic acid occupy the same 
relative position in the molecule is demonstrated by the following 
series, of substitutions* Chloroaminoisonicotinic acid was treated 
with nitrous acid by a modification of Bouveardt's method (Trans,, 
1898, 73, 781) and chlorohydroxyisoniootinic acid obtained. This 
substance is identical with the product of the action of aqueous 
caustic soda or potash on dichloroisonicotinic acid or its eOter (Trans., 
1897, 71, 1075), as was shown by its ^^neral properties, and 
fusing point of the methyl ester. The acid, on treatment with 
aqueous ammonia in sealed tubes, yielded a compound free from^ 
‘chlorine, which proved to be aminohydroxyisonicotinic acid, and by 
its interaction with phosphorus pentachloride the latter was convert^ 
into tetrachloro-2-amxnopyTidine, meltingat 174—175° (uncorr,), also 
identical with that mentioned above. These changes are thus shown ; 




COjH 


H 


COaH 

iS. 


G1 


Oil 


•^v 


jOl 

> 


^ fjj. — ^ 4JUf fXJL 

It may here be pointed out that, as the same fetrachloroamino* 

ammonia on pentachloro* 
. ,73^ 779), no question of the 

aminc^gro^«^S#i^ine^ phosphorus pentachloride in 

, &e reactions' i"" ' ' 
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fiCofitiann and Behrmann have already shown {Ber., 1884 17, 
2696) that dichloroisonicotinic acid is reduced by hydriodic acid in 
sealed tubes to isonicotinic acid. In repeating this experiment, it 
was found that when dichloroisonicotinic acid was boiled with strong 
hydriodic acid in open vessels, a substitution, and not a reduction, 
takes place, the product being 2 : 6-diiodoisonicotinic acid. 

The silver salt of dichloroisonicotinic acid, on being gently heated 
in a current of carbon dioxide in the manner described by Kdnigs 
and Korner 1883, 16, 2153), yields a dichloropyridine, which 
sublimes in colourless, feathery scales, and after crystallisation from 
dilute alcohol melts at 87 — 88° (uncorr.). This compound is identical 
with the dichloropyridine obtained by the action of phosphorus penta- 
chloride on dry pyridine (Trans., 1898, 73, 433). Its non-basic 
character is in marked contrast to the basic properties of the only iso- 
meride so far described, and of certain of the more highly chlorinated 
derivatives of pyridine— a fact which supports the view held as to 
its constitution (compare this vol., 1.) 

Experimental. 

Yh^racAZoro-2-ajwmo^n6?we from P-Hydroxyglutaramide, 

On the authority of Anschutz (Richter's Organische Chemie,)TSd. 1898, 
ii, 5.73), it is stated that ^-hydroxyglutaramide, on treatment with 
phosphorus pentachloride, yields trichlorQ-2-aminopyridine melting at 
144 — 145°. In view of the general behaviour of this class of com- 
pounds, it seemed probable that the remaining hydrogen atom of the 
nucleus might be replaced by chlorine without difficulty by means of 
phosphorus pentachloride at a higher temperature. As no record 
could be found of the experiments on which the statement of 
Anschutz is based, the operation was carried out as follows. 

^ Biethyl j(3-hydroxyglutarate was poured into a large excess of strong 
aqtieous ammonia, in which it gradually but completely dissolved in 
the 'cold After sending for two days, the water and excess of 
ammonia were removed in a vacuum over sulphuric acid, the semi- 
soUd mass drained by the aid of the filter pump, and washed with 
small quantities of spirit, in which the diamide is only sparingly 
soluble. The nearly colourless product was heated with excess of 
phosphorus pentachloride in a refiux apparatus for 3 — 4 hours, then 
poured into water, and finally distilled with steam. The colourless 
crystals filtered off from the distillate were frequently crystallised 
from dilute alcohol, and consisted chiefly of a compound melting at 
143 — 144° (uncorr.), a small quantity only of pentachloropyridine 
being obtained. The substance melting at 143 — 144°, on further 
tr^tment with excess of phosphorus pentachloride (2 mols*) in sealed 
' S 2 
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tubes ut 220— 230*^ and subsequent distillation with steam, yielded 
tetrachloroaminopyridine, which, after purification from alcohol, 
melted at 174 — 175® (uncorr.)» On analysis : 

0-1067 gave 0-2660 AgCL 01=^61-34. 

0“1012 „ 10’16 c.c, nitrogen at 15® and 770 mm. N=!=11*0L 

O5H2N2CI4 requires 01 61-14, N = 12-06 per cent. 

This compound crystallises from alcohol in long needles and is 
soluble in the usual organic solvents. Water and dilute mineral 
acids dissolve it slightly on boiling. It is easily soluble in cold strong 
sulphuric acid, and is reprecipitated on diluting. Strong nitric acid 
decomposes it at the ordinary temperature. It is not acted on by cold 
alkalis, and volatilises only slowly in steam. 

TetrachIorO’2-am{nopi/ridtne from Citrazinic Acid, 

Chloroaminoisonicotinic acid, prepared from citrazinic acid {Ber,^ 
1884, 17, 2694; Trans., 1897, 71, 1075), was heated in sealed tubes 
at 210 — 220® for 4 hours with excess of phosphorus pentachloride. 
The product was poured into water and distilled with steam. The 
light, feathery crystals from the distillate, on purification from spirit, 
melted at 174 — 175® (uncorr.). On analysis : 

0*1992 gave 12*5 c.c, nitrogen at 17® and 750 mm. 27 as 12*01. 

0*0761 ,, 0-1877 AgOL 01* 60*99. 

O5H2272CI4 requires 01 — 61-14. 27 = 12*06 per cent. 

The properties of the compound thus pxephi^ agree in every way 
ynth those of tetrachloro-2-aminopyridin© described above. 

6-^7Aforc-2-Aydroa!^o»^co^7mo Add from ^-Chl(yro-%amvmi8micotinic 

Add, 

Ohloroaminoisonicotinic acid, dissolved in strong sulphuric acid, 
was mixed with a slight excess of sulphuric acid previously saturated 
with nitrous fumes. After heating for several minutes on the water- 
bath, the solution was slowly diluted, again heated on the water-bath, 
and finally poured into water. The precipitate, after purification by 
crystallisation from alcohol, was converted into the methyl ester, 
which, when recrystallised from spirit, melted at 189 — 190® (uncorr.). 
tMoai^ys^^ 

^^ 6^1202 OO2 and 0*021 fiLO. 0 = 44-72 : H* 3-lii. 
#16|f ; ^ aitroge^^ at 16'4® and 771 ‘6 mm. IT » 7'63. 

lT-7'46pOTc«n^, 
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The acid is easily soluble in hot alcohol and in alkalis, sparingly so 
n boiling water and in ether, and insoluble in cold water and in 
dilute mineral acids. The compound prepared in this way is identical 
with the product of the action of caustic soda or potash on dichloro- 
isonicotinic acid (Joe, cit,), as is shown by the fusing point of the 
methyl ester. 

6-Aiinino-2’hydrox]/i8on{cotimc Acid from ^-ChlorO’2’’hydTOxyisonicotinie 

Acid, 

Chlorohydroxyisonicotinic acid, prepared as described above, was 
heated in sealed tubes for 4 hours at 170 — 180° with a large excess 
of strong aqueous ammonia. When cool, the contents of the tubes 
were diluted, acidified with hydrochloric or sulphuric acid, and any 
unchanged chlorohydroxyisonicotinic acid filtered off. The latter may 
also be easily removed by boiling with alcohol, in which it dissolves 
freely, whilst the solubility of aminohydroxyisonicotinic acid in alcohol 
is very small. After dissolving in alkali and reprecipitating by 
neutralisation with hydrochloric acid, a compound free from chlorine 
was obtained. On analysis : 

0*1660 gave 23*9 c.c. nitrogen at 15° and 740 mm. N — 17*77. 

CgHgOgNg requires N == 1818 per cent. 

This compound chars without fusing. It is very sparingly soluble 
in the usual organic solvents and in boiling water. Alkalis and 
dilute mineral acids dissolve it easily, and from these it is repre 
cipitated on neutralisation. The ammonium salt is dissociated when 
its solution is evaporated to dryness. The silmr salt, obtained by 
the addition of silver nitrate to the ammonium salt in solution, 
crystallises in yellowish needles which blacken on warming. The 
had salt is an insoluble colloid; the oahium and salts are 

soluble. 

from ^-Amino-^hydroaryisomcotinic Add* 

Aminohydroxyisonicotinic acid was heated in sealed tubes at 
230 — 240^ for several hours with excess of phosphorus pentachloride. 
On cooling, the product was poured into water, distilled with steam, 
and purified in the manner already described. The recrystallised sub- 
stance melted at 174—176'^ (uncorr.). On analysis : 

0*0602 gave 0*1495 AgOl 61*40. 

OsH^gCl^ requires Cl « 61*14 per cent. 

The product obtained thus coincides in every way with 2-amino- 
tetraohloropyridine prepared by any of the methods, already d^SOribed* 
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2 : ^-DiiodoisQniGOtiniG Acid from 2 : ^-DicMoroiionicotinic Acidf 


Dichloroigonicotinic acid was covered with . sufficient funjiiiig 
hydriodic acid to dissolve it complebely on warming, and boiled in a 
reflux apparatus for half an hour. At the end of that time a copious, 
heavy, sanddike precipitate separated out, and was removed by filtra- 
tion through a platinum cone, whilst a further quantity was obtained 
on largely diluting the filtrate. After recrystallising a few times 
from dilute alcohol, the acid melted at 195 — 196° (uncorr.). On 
analysis : 

0-1393 gave 0-1005 00^ and 0-0105 H^O. 0= 19*67 ; H«0*85. 

0*1485 „ 0-1075 002 „ 0-0115 H 2 O. 0 = 19*70; H = 0m 

0*1020 „ 0*1270 Agl. 1 = 67*32, 

05 H 302 lSri 2 requires 0 = 1 9*23 ; H = 0*80 ; I = 67-1 1 per cent. 

This substance is more easily dissolved by alcohol than the corre- 
sponding chloro-derivative. Alkalis dissolve it freely^ and from 
the solution it is reprecipitated by dilute acids, in which it is prac- 
tically insoluble. Strong sulphuric or nitric acid dissolve^ it in the 
cold, and, as was shown by an iodine determination, it may be boiled 
with strong nitric acid without change. The ammonvijm salt crystallises 
in long needles, and is only sparingly soluble in cold water ; the Bodvum 
and salts are also ^aringly soluble, aiffi erystaiJi^ in 

colourless needles. The oaiciimh salt is moderately sdlnble in 
boiling water. The Imrium and Ua^ salts are colloidal subetanWi ^ 
which could hot be obtained crystalline, although easily soluble^n 
boiling water, and only sparingly so in cold. The f&rric salt^ aiiv 
insoluble, yellow powder. The cojqpar salt crystallises from T^ater in 
beautiful, blue needles^ The oadmivm gold salts are readily 
soluble in boiling, but insoluble or nearly so in cold water. 



2 : ^-Dichloropyridim from Dichloroisoriicotinio Acid^ 

The addition of silver nitrate solution to a solution of ammonium 
diehloroisonicotinate yields a well-defined, crystalline silver salt, which 
Umjr 1^ <^stallised unchanged from boiling water, ^ fact which .tas 

of ffichlbroisc^cotmic ac^ from 
the latter being ihvari present in 
any of the methods 
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The silver salt, purified and dried at 100 °, was gently heated in a 
current of carbon dioxidov The light, feathery subHmate was col- 
lected and recrystallised several times from dilute alcohol, when it 
was obtained in colourless, pearly scales melting at 87 — 88° (uncorr,). 
On analysis : 

0*1240 gave 10*3 c.c. nitrogen at 17° and 770 mm. NsaO’Gl, 

0*1260 „ 0*2436 AgOh 01 = 47*93. 

O 5 H 3 NCI 2 requires IT = 9*46 ; Cl = 47*97 per cent. 

This compound has already been isolated from the product of the 
interaction of phosphorus pentachloride on pyridine (Trans., 1898, 
73, 437). The properties of the substance obtained in the manner 
shown above agree entirely with those already described, 

Unjt:bsrsitt Chemioaii Laboeatoey, 

Cambeidge. 


XXIV .— Formation of Heterocyclic Compounds. 

By Siegfried Bijhbmann and H. E. Stapleton, Scholar of St. John's 

College, Oxford. 

The research on the formation of a-pyrone compounds (Euhemahn, 
Trans., 1899, 76, 248, and 41 1), by the action of ethyl phenylpropiolate 
on the sodium derivatives of j 8 -diketones and the ethyl esters of j 5 -ketonic 
acids, induced one of us and A. T. Cunnington to examine the be- 
haviour of organic bases towards the ethyl esters of the acids of the 
acetylene series, with the view of ascertaining whether in those cases 
also' additive substances were formed which subsequently lost alcohol, 
and condensed to heterocyclic compounds., A few montns ago (Trans., 
1899, 76, 954) we published the first part of our investigations in this 
direction, and were able to show that by the interaction of benz- 
amidine and ethyl phenylpropiolate a cyclic compound was produced. 
The constitution of this substance we represented by the symbol, 

A closer examination of the reaction has led the authors of the 
present paper to the discovery of the following interesting fact. At 
the ordinary temperature, benzalphenylglyoxalidone is formed almost 
exclusively, but on digesting the mixture of the ethyl ester and the 
amidine on the water-bath,, besides this substance another is pro-, 
dueed which has been identified as diphenylpyrimidone, 
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This restilt can readily be escplained on the assumption that benz- 
amidine and ethyl phenylpropiolabe first react with formation of the 
benzamidide of phenylpropiolic acid, 

OfiHfi- 010-00 

>NH. 

HNIC-OgHg 

and that subsequently, according to the conditions which exist, the 
hydrogen atom ( x ) unites either to the or the a-carbon atom, in the 
first case a 5-member ed, and in the second a 6-membered ring being pro- 
duced. The Tiew expressed above as to the intermediate phase of the 
reaction between benzamidine and ethyl phenylpropiolate is also sup- 
ported by the results of the study of the behaviour of other bases 
towards ethyl phenylpropiolate. It had been previously assumed that 
addition of the base to the ester would precede the ring-formation, 
which would be effected by subsequent removal of alcohol, and we 
were led to this assumption by the fact that ethyl phenylpropiolate 
forms additive products, nob only with the sodium derivatives of ethy 
malonate and ketonic compounds, but also with secondary bases such as 
diethylamine and piperidine. Since the action of hydroxylamine on 
ethyl phenylpropiolate does not yield 3-phenyl-5-isoxazolone according 
to the equation, 


C-C-COgOjjHs + NHa* OH 


OeHs-fjs— 49H2 

, M 560 +CjHVOH, 

nq/ 


it was supposed that the product of the reaction was phenylpropiolo- 
hydroxamic acid, OgHg-OsC-O^^j^^. A closer investigatfeh ^^^^^^ 


sttl^tanoe has, however, proved it to be a cyclic compound ispmwic 
with 3-phenyl-5-isoxazolone, lbs formation can only be interpreted 
hy assuming that the action takes place in the manner expressed by 
the following equation : 


CO^OgHg- C-O-C^Hg + OH 


CgHg-OH + 


(pO-C-C-OgHg 


C^Hg-OH H- 


CO-OH 


/Th^ compound appears, therefore, as ^-ph^nyl-^isom^^ohm.f or. as its 
|t^|p|M^^.^phenyh3-hydroxyisoxazole, , = r 
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From isoxazole, or tlie dihydroxyisoxazoles, there may be derived 
three isoxazolones, which are represented by the following symbols : 



1. 11. in. 


The first isoxazolones which were obtained belonged to type I, and 
have been studied especially by Claisen {Ber., 1891, 24, 141), whilst 
some derivatives of 4-isoxazolone (II) were prepared by Abenius and 
Soderbaum (j5er., 1892, 25, 3468). The compound which is formed 
by the interaction of hydroxylamine and ethyl phenylpropiolate is 
therefore to be regarded as a 3-substitution product of type III. 

The conclusion arrived at with regard to the mode of the inter- 
action of benzamidine and hydroxylamine with ethyl phenylpropiolate 
induced us also to re-examine the product which is formed on allowing 
a mixture of alcoholic solutions of sodium ethoxide, urea, and ethyl 
phenylpropiolate to stand at the ordinary temperature. This sub- 
stance, which had been regarded before by one of us and A. Y. Cunning- 
ton (/oc. cU,) as the ureide of the formula NHg* 00 •NH'OO'CiC'OgHg, 
we find, however, to be a cyclic compound. Its constitution is un- 
doubtedly to be expressed by the symbol, 

.CO-NH 

o«h,.ch:c<j^h-6o’ 


which characterises it as henzalhydantoin* This view is supported by 
the following facts; The substance, as mentioned previously, has acidic 
properties, dissolving freely in caustic potash. On boiling the alkaline 
solution, the odour of benzaldehyde is first perceptible, then am- 
monia is evolved, and finally an acid results, which we have found to be 
identical with Pl5chrs “ phenylglycidic acid (Ber*, 1883, 16, 2817). 
This acid, which has since been obtained by Wislicenus from ethyl 
phenyloxaloacetate {B^r,f 1887,20, 591), has undoubtedly either the 
formula CO-OOjjH, or CH:C(0H)-002H. Although 

E, Erlenmeyer, Jun. 1892, 271, 137), assigned to the acid 

the first formula, yet the second, which characterises it as a-hydroxy- 
cinnamic acid, would also agree with the behaviour of the acid as 
described by him. The mode of its formation, and its relation to the 

J\ 

isomeride, phenylglycidic acid, CH~OE[* OOgH, would thus 

find a ready explanation. This formula indicates the probable 
istence of two stereoisomeric forms, 


ObHj-S:?-0O2H 


OH 

and 08H5*(;3:0-008H. 

H 
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The first grouping ^could readily change into phenylglycidic acid, 
whilst the second might be expected to be the more stable. Moreover, 
the formation of phenylglycidic acid takes place by the action of cold 
caustic potash on a-chlorophenyllactic acid, that of a-hydroxycinnamic 
acid, on the other hand, under the influence of the boiling reagent 
from compounds of the cinnamyl series. These facts are in full 
agreement with the researches of Fittig and his pupils on the trans- 
formation of unsaturated acids into their stereoisomerides, and suggest 
that boiling caustic potash would partially change phenylglycidic acid 
into a-hydroxycinnamic acid. 

The fact that ferric chloride gives a green colour with a-hydroxy- 
cinnamic acid (p. 246) whilst it gives a violet with esters of ^-ketonic 
acids, such as ethyl acetoacetate, seems to indicate that the structure 
of the former is similar to that of catechol, just as the structure of 
acetoacetic acid is similar to that of resorcinol. This similarity is 
shown by the f ormulse : 


OH OH C-OH C-OH 



Catechol. a-Hydroxycinuamie Resorcmpl, Acetoacetic 

acid. acid. 


thiourea and guanidine react with ethyl phenylpropiolate in a 
manner analogous to urea and yield respectively and 

These eubstii»nc^«e^ m by 

cahstic pota^i and yfeld a-hydroxyctnnam^ the of 

.,,in'"',theeei\ ■ with’ ^ ■ 

production of benzaldehyde. Ben^lphenylgJ^^^^ 
oa^ddne, bn the ^her hand> is more stable, only partial decomposition 
being' effected by iKnliag with the alkali, but a small quantity of the 
hydroxy-acid is certainly formed. 

Besides the record of our work in the direction indicated above, this 
communication contains the results at which we have arrived, up to 
the pr^entj by using ethyl acetylenedicarboxylate instead of ethyl 


phenylpropiolate. The study of the action of organic bases on this 
salt appeared to us to be of especial interest, since it had been found 
(Buhemann and Cunnington, Trans., 1899, 75, 784) that ct-pyrone 
derivatives do not result from its union with the ethyl esters of 
^ketonjc acids* This fact led to the conclusion that both hydrogen 
^ of the ketonie compound play a part in the 

(B denoting OHg or OgHg), 






and 
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tiTfiicIi thus have to be considered, preference had been given to 
the second, since ammonia does not act on these additive compounds 
with formation of pyridine derivatives.* On the other hand, the 
behaviour of o-pheuylenediamine towards ethyl acetylenedicarboxylate 
points to the first formula, as we find that the diamine reacts, with 
this salt, forming ethyl qm7hoxalido7beacetate^ 2 i»CQOx^hig to the equation 


0 

;0-00AH5 

CaHg-OH + 

This result would correspond to the view expressed in formula I 
regarding the constitution of the products formed by the union of 
ethy-l acetoacetate and ethyl benzoylacetate with ethyl acetylene- 
di^boxylate. Moreover, this formula is supported by the following 
considerations. It may be assumed that ethyl malonate would re- 
semble the ester of the ^S-ketonic acids in its reaction with ethyl 
acetylenedicarboxylate. If symbol II were assigned to the former 
additive products, the conclusion may be drawn that ethyl malonate 
would also yield a trimethylene derivative with ethyl acetylenedi- 
carboxylate. Michael {J, pr, Chem,^ 1894, [ii], 49, 20), however, has 
shown that the additive compound is the ester of an unsaturated acid, 
since, on hydrolysis, it yields aconitic acid. These facts, whilst indi- 
cating that the substances formed by the union of the esters of j8-ketonic 
acids with ethyl acetylenedicarboxylate are to be represented by 
formula I, would at the same time lead to the assumption that the 
constitution of the additive product of ethyl malonate with ethyl 
acetylenedicarboxylate is not 

ch-coah* 9h,-coah6 

C-COaOgHj but O-COjOaHs . 

6H(CO,OaH5)a qCOaO.Hs);, 

The latter formula would not be at variance with the formation of 
aconitic acid from the substance which it represents. It further agrees 
with the result of the action of ammonia on the ethyl ester of the 
tetracarbpxylic acid. As shown below, there is thus formed ethyl 
2 : ^-dihydroxypyriMne *^ ; i-dicmhoxylate) 




■NHa 

■ira. 


00,H, 


1 


O'OOaCA 
COoO„H,-o/%OH 






C-OH 



* As Will be shown in a later oommunication, these esters are identical with 
those obtained by the action of ethyl chlorofumarate on the sodium derivatives of 
ethyl acetoacetate and ethyl benzoylacetate (Tmns., 1 ^ 96 , 69 , 5 ^ 0, 1888 j 1 S 97 , 
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*V 7 hicli, on hydrolysis with hydrochloric aoid^ loses carbon dioxide and 
yields oitrazinic acid. 

Expeeihbntal. 

Action of Benzarnidine on Btfiyl Bhenylpropiolatc, 

As mentioned in the previous paper (Ruhemann and Ounnington, 
loc* cit), benzamidine hydrochloride and ethyL phenylpropiolate react 
in the presence of sodium ethoxide to form benzalphenylglyoxalidone. 
We now find that for the preparation of this compound 1 mol. of the 
ethoxide is sufficient, but that the reaction takes a different cotuse, 
if, instead of allowing the mixture to stand at the ordinary tetnpera- 
ture, it is heated on the water-bath for 2 — 3 hours. On adding water 
and a little acetic acid to the contents of the flask, a yellow solid is 
precipitated which dissolves in boiling glacial acetic acid, and, on 
cooling, crystallises out in yellowish needles melting at 284°, whilst 
the melting point of benzalphenylglyoxalidone is 274° 

The percentage composition of this substance, as ascertained by the 
following analysis, is, however, identical with that of the compound of 
lower melting point. 

0‘2010 gave 0-6695 OOg and 0-0910 HgO. 0« 77-15 ; H=*6*02. 
i 0-2871 „ 28 c.c. moist nitrogen at 23° and 767 mm. 11-08. 

OigHigONg requires 0 = 77-41 ; H:«4-83; 11-29 per cenk 

The two compounds differ^ not only in their melting points, but also 
in their other properties. Whilst benzalphenylglyoxalidone^ when 
treated witKconcentrated hydrochloric acid, at first dissolves althou^ 
the solution immediately sets to a solid, the set^md substance, which 
is also soluble in the concentrated acid, remains in solution. This 
fact, as well as the readiness with which the latter dissolves in 
caustic potash, agrees with the statements of the behaviour of diphenyl^ 
pyrimidonL The compound differs from the pyrimidone as it has a 
yellow colour and evolves benzaldehyde when boiled with caustic 
potash. A closer examination has shown, however, that these 
properties are due to benzalphenylglyoxalidone contained in the 
above product, as the solution of the latter in concentrated hydro- 
chloric acid, on standing for a day, gives a separation which, after 
crystallisation from glacial acetic acid, melts at 274° and has all 
the pr<^erties of this compound. The presence of diphenylpyrimidone 
jih Iher 284° is established by its behaviour to^ 

' the halogen to a solution of the product 

in conC^ acid, a white precipitate is at once 

foimed which cryst^^^^ glacial acetic acid in colpurless needles 
melting a,t 297~298Vand has the composition 
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0*2498 gave 0*1420 AgBr. Br = 24*20. 

0*2310 „ 16*8 c.c. moist nitrogen at 16° and 765 mm* IsT = 8*53. 

Oi^HiiOlSrgBr requires Br = 24‘46 j N = 8*66 per cent. 

Biphenylpyrimidone, which we have prepared according to Pinner’s 
directions (see Die Imidosether und ihre Derivate,” 1892, p. 254 ; we 
find the melting point to be 287 — 288° compared with 284° as found 
by Pinner), yields, under similar conditions, a bromo-derivative which 
in every respect is identical with our compound. Its composition, 
Oi^HnOi^gBr, has been verified by the following nitrogen determina- 
tion ; 

0*2303 gave 16*5 c.c. moist nitrogen at 16° and 765 mm, !N'=s8*40* 

Afer having thus proved that benzamidine reacts with ethyl 
phenylpropiolate at a higher temperature to form a mixture of benzal- 
phenylglyoxalidone and diphenylpyrimidone, we were anxious to effect 
their complete separation. Although the solution of the mixture in 
concentrated hydrochloric acid deposits the glyoxalidone derivative on 
standing, yet a certain amount remains in the filtrate, and, on the addi* 
tion of water, is precipitated along with the diphenylpyrimidone. Even 
on boiling the mixture with caustic potash for some hours, only 
partial decomposition of the glyoxalidone takes place. The product 
obtained on acidifying the alkaline solution and recrystallising the 
precipitate from glacial acetic acid still has a yellow colour, and 
even after prolonged boiling with alkali the odour of benzaldehyde 
is still perceptible. Diphenylpyrimidone can, however, be isolated 
from the mixture in a pure state by making use of the fact that 
it is very stable, whilst benzalphenylglyoxalidone, although only 
partially decomposed by alkalis and acids, is readily destroyed by 
oxidising agents. Fuming nitric acid is especially convenient for this 
purpose, for, as we have ascertained, it does not give rise to nitro- 
compounds when added to the solution of diphenylpyrimidone in 
gl^ial acetic acid, whilst the glyoxalidone is thus transformed into 
readily soluble substances. In order to isolate the pyrimidone from 
the mixed product which is formed by digesting a mixture of ben5&- 
amidine and ethyl phenylpropiolate on the water-bath, it is sufficient 
to treat its solution in glacial acetic acid with fuming nitric acid, and 
then to add water. By this means, a solid is precipitated which 
crystallises from glacial acetic acid in colourless prisms, and has 
all the properties characteristic of diphenylpyrimidone. Its composi- 
tion has been verified by the following nitrogen determination ; 

0*2252 gave 22 c.c. moist nitrogen at 18° and 767 mm. N =* 11*82, 
requires N — 11*29 per cent, - ^ 



246 


ftTJHEMANN ANB 


Action of Vrcoby Thiourea^ and Quanidine on Ethyl PhmylpropiotdU* 

Benzalhydanioin, 

We have already mentioned in the introduction to this paper that 
the compound which is formed by the action of sodium ethoxide on a 
mixture of urea and ethyl phenylpropiolate has not the structure 
CgHgOSO'OO-NH'CO ’NHg, as has been stated previously (Zoc. but 

■ ■■ 

This formula, which represents the compound as benaalhydantoin, 
follows from its behaviour towards alkali. Although it is freely 
soluble in dilute caustic potash and is precipitated unchanged by 
hydrochloric acid, yet a concentrated solution of the alkali only 
gradually dissolves it on boiling, and at the same time, decomposition 
takes place. At first, the odour of benzaldehyde is perceptible, and, 
later, an evolution of ammonia sets in, which ceases after the heating 
has been continued for three hours. The alkaline liquor, on being 
acidified with hydrochloric acid, yields a solid which readily dissolves 
in ether, and crystallises from chloroform in colourless plates. This 
compound is characterised as a-hydroxycinnamic acid (phenylpyruyic 
acid) by its melting point, 154 — 165% the green coloration it gives 
with ferric chloride, and by the following analysis : 

0*2206 gave 0*6339 CO^ and 0*0969 H^O. q=-66*00 5 H.«4*88. 
OgHgOg requires Cs= 66 * 86 ; H^4*87 per cent. 

BenzcUthiohydantoin, OgBig* x 

This compound is obtained in a similar manner to benzalhydantoin 
by mixing alcoholic solutions of sodium ethoxide and thiourea with 
ethyl phenylpropiolate. After standing for several hoursj the alcohol 
is removed by evaporation, and then water and a little dilute sulphuric 
acid are added, A yellowish solid is precipitated, which is insoluble 
in water, and only sparingly soluble in alcohol or boiling glacial acetic 
acid. From the solution in the latter solvent, it gradually separates, 
bh adding water, as a yellowish powder, which is washed with alcohol 
dried , 100°. On slowly heating, it decomposes about 28Q% 
the .temperature is rapidly raised, decomposition takes place 

‘ t nitrogen at 16° and 764 mm. N = 13*30 
: 0*2740 . 17 ° ’ 764 mm. N - 13*40, 

arequires N 
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On boiling this compound with concentrated caustic potash for 
three hours in a flask fitted with a reflux condenser, it suffers a 
decomposition analogous to that of benzalhydantoin and yields 
a-hydroxycinnamic acid. This is isolated by acidifying the alkaline 
liquor with hydrochloric acid, extracting the solution with ether, and 
removing the solvent by evaporation. The residue, recrystallised from 
chloroform, shows all the properties characteristic of a-hydroxy- 
cinnamic acid. 


Bensailimidohydantoin, 


.00-~NH 




NH- 


When alcoholic solutions of sodium ethoxide, guanidine thiocyanate 
and ethyl phenylpropiolate (1 mol, of each) are mixed a yellowish- 
^d coloration is produced, and, on slightly warming on the water- 
bath, the contents of the flask set to a semi-solid mass. The product 
is almost insoluble in water or alcohol, but dissolves in boiling 
glacial acetic acid, from which, on carefully adding water, it 
separates, in yellowish, microscopic needles. These darken at about 
286° and melt at 296° to a black liquid. On analysis : 


0*2030 gave 0*4785 OOg and 0^0900 HgO, 0==: 64*18 ; 4*92. 

0*2570. „ 47*5 c.c. moist nitrogen at 10° and 768 mm. 22*36 , 
requires 0 = 64*17 j H =* 4*78 ; N =* 22*46 per cent. 

This compound possesses both acidic and basic properties. It freely 
dissolves in hot concentrated hydrochloric acid, and the solution, on 
cooling, deposits yellowish needles of the hydrochloride ; this, how- 
ever, is unstable, and on drying loses hydrogen chloride. 

Its constitution is proved, as in the former cases, by the decom- 
position which the substance suffers under the influence of caustic 
potash ; when boiled with it, the odour of benzaldehyde is developed, 
an evolution of ammonia takes place, and an acid is formed which we 
havt proved to be a-hydroxycinnamic acid. 


A^^ion of Hyd/roxylomim on Ethyl Fhmylpropioltitik 
Z-isoxmolone. 

The results of our experiments, which are descril^d above, induced 
us to re-examine the product of the action of hydroxylamine on ethyl 
phenylpropiolate. A closer study of this substance has shown that 
it is not a hydroxamic acid, but a cyclic compound of the formula 




or 


-OS'C-OH 


XMs octastitutioa follows from the remarkable stability of the 
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jttbsbaiice towards acids and alkalis. Even on* boiling it with these 
reagents for some hours, hardly any decomposition takes place, 
although a substance of the formula 0^Hg*0:C*0(N*0H)*0H, might 
be expected to readily break* up into phenylpropiolic acid and 
hydroxylamine. 

To the description of the properties of the isoxazolone contained in 
the previous paper, we add the following cryoscopic determination of 
the molecular weight, glacial acetic acid being used as the solvent. 

Weight of "Weiglit of 

substance. solvent. Depression. Mol. wt. 

0-625 21*62 0-73^ 161 

CgHyOgN requires mol. wt, = 169 

Further experiments, which we intend to perform, are necessary in 
order to ascertain whether in the methyl derivative, O^H^OgN'CHg, 
the alkyl group is united with the nitrogen or with the ketonie 
oxygen of the isoxazolone. 


Action oj o-Fhenylenediamine on Mtliyl Acetylenediearhoxylate, 


We have pointed out already that ethyl acetylenedicarboxylate 
and ethyl phenylpropiolate seem to show dijfferences in their behaviour 
with organic bases similar to those with esters of j8-ketonic acids. 
Of , special interest in this respect is the fact that ethyl phenylpro- 
piolate does not condense with o-phenylenediamine whilst ethyl 
acetylenedicarboxylate, on treatment with the base, yields a com- 
pound which is to be regarded as 






CHj-COjCjSg 


or 




OH 


The formation of this substance takes j^lace on mixing an adooholio 
solution of sodium etbpxide (2 mols,) with o-phenylenediamine hydro 
chloride (1 moL) and ethyl acetylenedicarboxylate (1 mol.), and heat- 
ing the mixture on the water-bath for 2 — 3 hours. After removing 
the alcohol by evaporation, water and a little hydrochloric acid are 
added, and the resulting yellow solid is washed with dilute spirit. 
It dissolves in boiling alcohol with great difficulty, and, on cooling, 
crystallises in yellow needles, which soften at 205^ and melt at 210® 
to a red liquid. 

On analysis, the following numbers were obtained ; 



*4714 CO 2 and 0*0968 H^O. 61*98; H-S-lS. 
c.c;moist nitrogen at 17® and 763 mm. N *= 12*23, 


H«=5*17| Ks* 12*06 percent. 
Tim ethyl estet ha^ lk^t^^^ acidic properties. It dissolves 
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in, concentrated hydrochloric acid, but the hydrochloride thus formed 
is decomposed by water. Whilst the solution of ethyl quinoxalidone- 
acetate in hydrochloric acid is yellow, ifcs solution in dilute caustic 
potash is colourless ; the compound, therefore, has properties charac- 
teristic of the hydroxyquinoxalines. On boiling the ester with con- 
centrated caustic potash for 3 hours and then acidifying the alkaline 
liquor, carbon dioxide is evolved and a solid is precipitated. This 
crystallises from boiling water in almost colourless needles melting at 
245®, and was found to be identical with hydroxymethylquinoxaline, 

.n:c-oh 

previously prepared by Hinsberg {Annalen^ 1896, 292, 249). The 
composition of the substance was verified by the following analyses : 

0‘2184 gave 0-6395 00^ and 0-0986 HgO. 0=67*37; H = 6-01. 

0*2303 „ 34-4 c.c. moist nitrogen at 16° and 769 mm. N = 17*47. 

CjjHgONg requires C = 67*50 ; H = 6*00 ; N = 17-60 per cent. 

Formation of Ethyl 2 : ^-Di^iydroxypyridim-Z : 4rdic(vrboxylat6, 

The considerations brought forward in the introduction to this 
paper point to the formula OOgOgHs* 0{00202H5):C(00202H5)a 
for ethyl propenetetracarboxylate, the product which Michael cit. ; 

see also Ruhemann and Cunnington, Trans., 1899,76, 954) obtained 
by the addition of ethyl malonate to ethyl acetylenedicarboxylate. 
We have subjected this compound to the action of ammonia with the 
view of preparing ethyl 2 : 6-dihydroxy pyridine-3 : 4-dicarboxylate, 
and thus completing the series of mono- and di-carboxylic acids of 
2 ; 6-dihydroxypyridine. 

From 2 ; 6-dihydroxypyridine, two mono- and two di-carboxylic acids 
can be derived. The monocarboxylic acid containing the CO^H 
group in the 4-position, namely, 



is oitrazinic acid, which was discovered by Behrmann and Hofmann 
(i?er., 1884, 17, 2687), and subsequently obtained by one of us (Ruhe- 
mann, Ber,, 1887, 20, 3367) in the course of his researches on the 
action of ammonia on the ethyl esters of unsaturated acids. The 
ethyl ester of the second or 3-monocarboxylic acid has lately been 
isolated by Errera {JBer,, 1898, 31, 1245). 

Of the dicarboxylic acids, only ethyl dihydroxynicotinate, 
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Has, up to the present, been recorded (see Guthzeit, 1893, 26, 
2795^ Ruhemann and Sedgwick, Ber,^ 1896, 28, 825; Errera, 
Gazzetta^ 1897, 27, ii, 393 ; Bubemann and Browning, Trans., 1898, 
73, 280). On hydrolysis with hydrochloric acid, it loses two mols. of 
carbon ^oxide, and yields 2 : 6-dihydroxypyridine (Ruhemann, Trans,, 
1898, 73, 350 ; see also Errera, -Ser., 1898, 31, 1246). 

We find that the ethyl ester of the remaining diearboxylio acid, 

is readily prepared by placing concentrated aqueous ammonia with 
ethyl propenetetracarboxylate in a bottle, and agitating the mixture. 
from time to time. In the course of — 5 days, the oil disappears and 
the vessel contains 'a reddish solution, together with a yellowish 
solid. The latter we have not examined, since its amount is very 
small. The filtrate is concentrated by heating under diminished 
pressure on the water-bath, and then acidified with hydrochloric acid. 
This precipitates a solid, which dissolves readily in hot alcohol, but is 
only sparingly soluble in boiling water, and separates from the hot 
aqueous solution in colourless prisms, melting at 161 — 162°. Ferric 
chloride gives a reddish-violet coloration with aqueous or alcoholic 
solutions of the substance. On analysis: 

0‘2100 gave 0-3975 COg and 0*0993 HgO. 0 = 61*62 ; H = 6*26. 

0*2340 „ 11*6 c.e. moist nitrogen at 14° and 745 mm. R" = 6*66, 
OiiHisO^N r^nires 0 = 51-76 ; H = 5*10 ; N = 5*49 per cent. 

Ethyl 2 : 6-dihydroxypyridine-3 : 4-dicarboxylate, besides acidic pro- 
perties, has also those of a base, since it dissolves ih obif^fetrated 
hydrochloric acid with the greatest ease. On boiling this soffltqh for 
3 hours, hydrolysis takes place, accompanied by the removal of 
1 mol. of carbon dioxide, and there is formed a monocarboxylic acid, 
which is precipitated by adding water to the acid solution. This acid 
has been identified as citrazinic acid by direct comparison of its pro- 
perties and by the following analyses : 

0*1465 gave 0*2485 OOg and 0*0405 HgO. 0 = 46*26; H= 3*03. 

0*2480 „ 18*5 c.c. moist nitrogen at 9° and 769 mm. H=s9*08. 

requires 0 = 46-45 ; H = 3*22 ; N = 9*03 per cent. 

The decomposition which ethyl 2 : 6-dihydroxypyridine-3 : 4-dicarb- 
oxykte suffers on heating with hydrochloric acid is in accordance with, 
the bbba^pur of the corresponding ester of the 3 : 5-substituted di- 
carboxyRc i^id which, as mentioned before, under the influence of 
boiling hydrocMorib acid, loses 2 mols. of carbon dioxide. These facts 
diow that 2 : 6-dihydrOxypyridinecarboxylie acids with OO 2 H groups 
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in the 3-position readily lose them with elimination of carbon dioxide. 

In conclusion, it may be stated that further experiments on the 
lines indicated in this paper are in progress. 

GoITVILIiB AKD CaIUS CoiiLBGE, 

Gambbibqb. 


XXV . — Studies in the Camjphane Series. Part L Nitre- 

camphane. 

By Martin Onslow Forster. 

In a recent account of the effect produced on camphoroxime by the 
action of potassium hypobromite (Trans., 1899, 75, 1141), I gave a 
brief description of the resulting compound, which has the empirical 
formula OjoHjgOgNBr. At the time of its discovery, the compound 
itself was not submitted to close examination, because the chief 
interest attaching to it lay in the fact that, by a series of apparently 
simple changes, it may be transformed into isolauronolic acid, 

The action of potassium hypobromite on oximes has not been 
studied systematically, bub Piloty has shown that bromine converts 
acetoxime into bromonitrosopropane {Ber.f 1898, 31, 452), and when 
camphoroidme is oxidised with potassium ferricyanide or perman- 
ganate, a nitroso-compound is produced. These considerations, 
coupled with the result of applying Liebermann's test, led to the 
belief that the compound is a bromonitroso-derivative, 

but it was pointed out that the oxidation of camphoroxime with 
potassium hypobromite not only involves removal of hydrogen, as in 
the conversion of acetoxime into bromonitrosopropane, but results also 
in addition of oxygen, so that the apparent analogy between the two 
changes is not complete. 

In the pr^nt paper, evidence is brought forward to show that the 
product of the action of potassium hypobromite on camphoroxiine is 
a nitro-compound, in spite of the fact that it gives Liebe^rmann^s 
reaction for nitrQSO-derivatives, and assuming Bradb^s structuas^al 
representation of camphor to be correct, there is every reason to 
believe that the substance has the constitution expressed by the formula 

OH,-CMe-C<|o, 

if the saturated hydrocarbon, of which camphor is a kbtonic 

derivative, is spoken of as cempham^thB above compound must be 

T 2 
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called hromonitrocamphomsy and it becomes necessary to adopt a prefix 
which will show that both substituents are attached to the same 
carbon atom. Considering that the actual arrangement of the carbon 
atoms in the camphor molecule is still under discussion, it would be 
premature to indicate each one by a number, on the principle adopted 
for derivatives of benzene or naphthalene, but as the existence of the 
group *C 0 ^CH 2 * in camphor is universally admitted, there can be 
little objection to using the first two numerals in the formula for 
camphane as represented by the scheme 

CHg-CpH— OH 2 (2) 

I I • 

CHg-OMe-CHg (1) 

This order appears more suitable than the converse because in the 
future, when the constitution of camphor has been finally decided and 
the orientation of camphane derivatives requires elaboration, the 
carbon atom of the methylene group which corresponds to the car- 
bonyl radicle in camphor will become a natural starting point in any 
system of numbering which may be ultimately adopted. The use of 
these numerals will obviate confusion with derivatives of camphor, 
which are distinguished by letters of the Greek alphabet ; at the same 
time, it leaves room for differentiating the possible stereoisomerides 
of a disubstituted camphane in which the substituents are attached 
to the same carbon atom. 

According to this nomenclature, borneol and bornylamine would be 
referred to as and l-amimtmwpham respectively, 

and the product of the action of potassium hypobromite on camphor- 
oxdme is now oaUed 1 

■When lMfomonitro<»mphane is heated with alcoholic potash, bromine 
is replaced by hydrogen, and l-nitrooamphane produced. Prom the 

formula of this compound, , it will he recognised 

that, as a secondary nitro-derivative, it should resemble phenylnitro- 
methane in its property of occurring in two modifications. This 
resemblance has been found to exist, nitrocamphane being obtainable 
in two solid forms, one of which, representing the normal modification, 
is stable, melts at 147 — 148®, and has [ajp +4*6®,, whilst the pseudo- 
modification, which rapidly changes spontaneously into the normal 
form, melts at 74®, and has [a]i> - 95° (approximately). The relation 
between these two substances corresponds in nearly every respect with 
th^t sub^ting between the two moilfications of phenylnitromethane 
(Hantei^ tod Schuitze 1896, 29, 699, 2251), which has been 
fmrther Ulus^tto by the study of similar nitro-compounds (compare 

Trans.,. 1898, 73, 986 ^ 
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1899,75/211). The normal isomeride, for instance, is indifferent, 
towards alcoholic ferric chloride, which instantly develops a deep 
cherry-red coloration with the labile modification ; the latter also 
combines with phenylcarbimide and alcoholic copper acetate, both of 
which are without action on the stable form. Normal nitrocamphane 
is not attacked by aqueous sodium carbonate, but dissolves in caustic 
potash, forming the potassium derivative of the pseudo-modification ; 
the latter isomeride dissolves readily in sodium carbonate, without 
liberating carbon dioxide, and this gas reprecipitates it from solutions 
in alkalis. 

CH’NO CEC 

From the formulae, ^ and 

which represent a-nitrocamphor and 1 -nitrocamphane respectively, it 
is clear that the substances are closely related ; in spite of general 
similarity in properties, however, they differ from one another in an 
impoi*tant characteristic. Solutions of normal nitrocamphane in 
alcohol or benzene do not exhibit mutarotation^ and hitherto the 
conversion into pseudonitrocamphane has been effected only by the 
agency of concentrated aqueous potash ; the labile modification, 
liberated from solutions in alkali by a,ddition of acid, changes spon- 
taneously when solid or dissolved, and becomes almost completely 
transformed into the normal modification. Normal nitrocamphor, on the 
other hand, changes into the pseudo-form when dissolved in organic 
solvents, but the transformation affects only about 7 per cent, of the 
material, when a condition of equilibrium is reached (Lowry, Trans., 
1899, 75, 216). 

It is noteworthy that the conversion of pseudonitrocamphane into 
the stable modification is greatly accelerated by the action of light. 
The diminution in specific rotatory power which is displayed by an 
alcoholic solution preserved in darkness during three hours, was found 
to be only two-thirds of that undergone by a portion of the same 
liquid when exposed to light during the same interval of time ; in 
other words, the period required by a solution of pseudonitrocamphane 
to reach a given degree of specific rotatory power is about twice as 
long when the liquid is protected from light as it is wheh the sub- 
stance is exposed to this influence. Piperidine and alkalis also exert 
an accelerating effect on the transformation of the labile compound. 

In the present paper, I have represented pseudonitrocamphane by 
the formula OiQHiQrN(OH)IO, this expression being of the type 
Il’CHIN(OH)IO, proposed for pseudonitro-compounds by Nef. It is 
unnecessary to discuss the general question of the advantages which this 


type offers over that represented by the formula It 


0 = 4 - 


origin- 


ally suggested by Hantzsoh, because the last-named investigator now 



264 


I'ORSTEB: STODIES IN THE CAMPHANE SEEIE^. 


employs Nefs formula 1899, 32, 675), But its application in 
the case of pseudonitrocamphane may appear to require some justification 
because the closely allied substance, pseudonitrocamphor, has been 

recently represented by the alternative formula, CgH 

(Lowry, Trans., 1899, 76, 212). Two reasons for this course are 
given by Lowry (Trans., 1898, 73, 995) in the following terms, “first, 
the extremely high rotatory power of the substance is most readily 

explained by a formula such as , in which the a-car- 

bon atom is asymmetric, rather than by a formula in which this 

asymmetry does not occur, as in , Secondly, the 

decomposition of the anhydride of pseudonitrocamphor by heat into 
camphorquinone and nitrous oxide cannot be explained in any simple 
way except by the use of a formula such as that already given for the 
substance, in which one oxygen atom is shown to be attached to the 
a-carbon atom.'' These arguments, however, are not convincing. In 
the first place, the high rotatory power of the substance is explained 
quite as readily by the existence of the unsaturated linking in the 
^C:]N(0H):0 

expression , as by the asymmetric carbon atom in 

the alternative formula, because Haller and Muller have shown that 

compounds of the type have a specific rotatory power 

which, in some cases, is ten times greater than that of camphor 
(£?omp«. rmd., 1899, 128, 1370 3 compare also Forster, Trans., 1899, 76, 
1149). In the second place, direct attachment of oxygen to the 
a- carbon atom cannot be claimed in the case of chloronitrocamphor, 


OsHu 


Ol'NO, 


, yet this substance, like the anhydride of pseudo- 


nitrocamphor, yields camphorquinone when heated; these are prob- 
ably examples of intramolecular oxidation, of which several instances 
are known, notably the action of sunlight on benzylidene-o-nitro- 
acetophenone, which yields indigo and benzoic acid, 

_ CeHi<^^:O<o5>0aH4 

(^gl® 1896, 28, As evidence of the 

imsatxtrated eharact^ of pseudonitrocamphane, it may !be mentioned 
in chloroforin s^ution it decolorise bromine instantaneously, and 
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the same effect is produced by a solution of the benzoyl derivative, 
whilst an ice cold solution of the potassium derivative is oxidised by 
potassium permanganate. 

When the normal modification of nitrocamphane is reduced in 
alcoholic solution with zinc dust, or, preferably, aluminium amalgam, 
l-hyd/roxylaminocam2>hane is formed, which, from its origin, and the 
fact that bornylamine is also produced^ must be represented by the 

formula qH* substance would, perhaps, be more 

suitably named p-hornylhydroxylcmmne, in order to indicate its relation 

to bornylamine, . It exhibits to a marked extent 

the reducing properties of secondary hydroxylamines. Bornyl- 
hydroxylanoine is the first substituted hydroxylamine derivative of 
this series, and completes a group of compounds analogous to nitro- 
benzene, phenylhydroxylamine, and aniline. 

In its behaviour towards halogens, pseudonitrocamphane bears out 
the analogy to secondary nitro-compounds of the aliphatic series. 

Chlorine converts it into 1 : 1-chloronitroccmpJiam, ’ 

bromine regenerates 1 ; 1-bromonitrocamphane, whilst iodine gives 

rise to 1 :14odmii/tooampli<me^ treated with 

nitrous acid, it yields an unstable, blue substance, which is probably a 


hydrate of the pseudonitrole, • Potassium per- 

manganate, as already stated, oxidises the alkali derivatives, and pro- 
duces camphor, which is also obtained by the action of alcoholic 
potash on the normal modification, probably owing to initial produc- 
tion of the labile form. 

Thw is no fresh evidence relating to the action which gave rise in 
the first instance to bromonitrocamphane, and the conversion of the 


oxime, > derivative, , still 

appears somewhat remarkable. In preparing the substance, it has been 
noticed , invariably that the oxime is rapidly changed into a bright 
green compound, and the product, even when thoroughly washed, re-* 
mains green until dried by exposure to air, when it becomes pale 
yellow. This behaviour suggests that a nitroso-derivative is first 


formed, perhaps of the type 


<• 9^2 

w^OBr-: 




further oxidation of 


such a substance might be expected to yield the :hydrat^ 

, , , 

•() f represented by the green producfc, which be- ; 
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comes pale yellow when dried- Removal of the elements of water 
from the hydrate would lead to bromonitrocamphane- 


Experimental. 


.OH2 

\-MtTocampJiane, ^8^14‘^qH*NO 


100 grams of bromonitroeamphane, prepared by oxidising cam- 
phoroxime with potassium hypobromite, were dissolved in 250 c-c- 
of alcohol and treated with a solution of 20 grams of caustic potash 
(1 mol.) in the minimum quantity of water, when a somewhat vigorous 
action took place. After an interval, the liquid was heated in a reflux 
apparatxis during 8 hours, the greater part of the alcohol being then 
distilled oH on the water-bath. Water having been added, a current 
of steam was passed through the liquid, and when the remainder of 
the alcohol had been removed, the oily distillate solidified in the tube 
of the condenser. Towards the end of the distillation, which was con- 
tinued until all the nitrocamphane had passed over, the product was 
darkened by a yellow impurity, which, being an oil, greatly increases 
the solubility of the substance ; the later fractions were therefore 
collected separately from those obtained at first, the total yield 
amounting to 55 grams. 

In the earlier experiments on the reduction of bromonitroeamphane 
with alcoholic potash, a much larger proportion (3 mols.) of the alkali 
was employed. The result of this procedure wa^ to diminish the yield 
by decomposing 'a portion of the nitrocamphane produced, whilst the 
remainder was converted into the potassium derivative of the pseudo- 
modification. Consequently, the distillate succeeding the last quantity 
of alcoiiol cemsisted of a viscous oil having a terpene-like odour, and 
containing a small proportion of nitrocamphane. The residue in the 
distilling .flask was therefore cooled and extracted with ether, which 
removed a resinous, non-volatile product ; the aqueous portion was 
then freed from ether oh the water-bath, cooled to about 0°, and 
treated with dilute sulphuric acid until it was very faintly acid towards 
litmus. The precipitate thus formed, consisting of pseudonitrocam- 
phane, was quickly filtered, washed, suspended in water, and heated to 
about 60°, when it fused to a greenish oil, which suddenly turned 
ye^ow on further heating; simultaneously, the somewhat nitrous 
of the pseudo-modification changed to the pungent, more camphor- 
form, and minute crystals of the latter substance 
of the flask. A current of steam was then 
until the distillate no longer solidified in the 

Hitrocamphane is thus obtained as a colourless, camphpr-like sub- 
stance with a pleasant odour, the tapour in steam beiuff nunfirent. and 


^ coed neck 


oondensar. 
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very suggestive of camphor. It is extremely soluble in ether, petr- 
oleum, chloroform, or benzene, but scarcely dissolves in water; it 
is most conveniently crystallised from boiling alcohol, which on cooling 
deposits it in colourless, fern-like aggregates. The substance cannot 
be powdered, because in the dry state slight pressure converts it into 
a compact, camphor-like mass ; it melts at 147 — 148° On analysis : 

0-2036 gave 0-4861 GOg and 0-1669 HgO. 0 = 65-11 ; H = 9'll. 

0-1992 „ 0-4797 002 „ 0-1648 HgO. 0 = 65-67 ; H = 9*19. 

0*3514 „ 23 c.c. of nitrogen at 19° and 753 mm, N = 7-46. 

requires 0 = 65*57; H = 9-29 ; hr = 7*65 per cent. 

A solution containing 0*4992 gram of nitrocamphane in 25 c.c. of 
absolute alcohol at 20°, gave ao -1-11' in a 2-dcm. tube, whence the 
specific rotatory power [a]© + 4*6° 0*5003 gram dissolved in 25 c.c, 
of benzene at 20°, gave ajy + 49' in the same tube, corresponding to 
[a]i> 4-20*4°. The optical activity of each solution was not altered 
after an interval of 10 days, and was not influenced by addition of 
piperidine. 

ITitrocamphane gives Liebermann's reaction for nitroso-compounds, 
and behaves like a saturated substance towards a solution of bromine 
in chloroform. It is insoluble in cold concentrated nitric acid, but 
dissolves in concentrated sulphuric acid, from which it may be pre- 
cipitated by addition of water. The alcoholic solution does not develop 
colour with cold ferric chloride, although a slight darkening takes place 
on warming the liquid. Oopper acetate does not give a precipitate 
with the solution in cold alcohol, but a small proportion of a green, 
gelatinous substance is produced on boiling. It is indifferent towards 
phenylcarbimide. The nitro-compound dissolves in hot aqueous 
alkalis, which convert it into the alkali derivatives of pseudonitrocam- 
phane; alkali carbonates, however, are without action on the substance. 

Action of Alcoholic Potash. — Twenty-five grams of nitrocamphane 
were dissolved in alcohol, and heated with the same weight of caustic 
potash in a reflux apparatus during 12 hours. The alcohol having 
been distilled off, a current of steam was passed through the residual 
liquid, which yielded 10 grams of camphor; this was identifiled by 
conversion into the oxime, which melted at 118° and gave [a]r> - 41*0° 
in a 2 per cent, solution in alcohol The residue in the distilling 
flask was cooled, filtered, and acidified with dilute sulphuric acid, 
which precipitated a pale yellow oil; this substance gives Lieber- 
mann's reaction, and is decomposed on distillation under atmospheric 
pressure. 
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3:n(oh);o * 

When a solution of l-nitrocamphane in aqueous caustic potash is 
cooled with ice and cautiously acidihed with dilute sulphuric acid, a 
white, flocculent precipitate is formed, differing widely from the 
original substance. In the first place, it dissolves very freely in 
cold alcohol, and the solution develops a deep cherry-red coloration with 
ferric chloride. It dissolves immediately in concentrated nitric acid, 
and if dropped into concentrated sulphuric acid is instantly decom- 
posed, a hissing noise being produced, and much heat generated ; it 
also Unites vigorously with phenylcarbimide, and the alcoholic solu- 
tion yields a pale green, gelatinous precipitate when treated with 
alcoholic copper acetate. These divergences from the behaviour of 
the original substance indicate that the white precipitate obtained on 
neutralising a solution of normal nitrocampbane in caustic alkalis 
consists of the pseudo-modification, 

Pseudonitrocamphane is very freely soluble in organic media, and 
in the solid or dissolved state changes so rapidly into the stable 
modification that it has not been found possible to obtain it quite 
free from moisture. When freshly precipitated and roughly dried 
by means of porous earthenware, it melts at about 74® if the tem- 
perature is raised somewhat rapidly, but the melting point is much 
lower if the substance is heated slowly ; it fuses to a bluish-green 
liquid which suddenly becomes yellow and evolves gas when further 
h^ted. The percentage of tiitrogen in such a specimen was 
estimated, with the following result ; 


0*3768 gave Z7*4 c.c. of nitrogen at 17® and 765 mm. 

requires K = 7*65 per cent. 


17 - 7 - 34 . 


In precipitating the pseudo-modification from solutions of its alkali 
derivatives, care must be taken to avoid adding excess of acid. 
When sulphuric or hydrochloric acid is added to a solution of pseudo- 
nitrocamphane in excess of alkali, the white precipitate which is 
formed by the first few drops redissolves on stirring the liquid j the 
precipitate is permanent when the solution is only faintly alkaline 
towards litmus, and continues to be formed until the latter is 
reddened. If, however, the precipitation is carried to this; stage,, the 
is and after being dried is less readily powdered 

^ is interrupted before the liquid becomes acid. 

^ the substance is liable to consider- 
able with which the precipitation is 

att^ded^ Hie Hgh^l ysdne hitherto observed is [a]i> - 94*9® for a 
1*75 per cent, solution in absolute alcohol, but doubtless the true 
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value is higher than this, because the substance has never been 
obtained thoroughly dry. 

Specimens for examination in the polarimeter were prepared by 
Seating normal nitrocamphane with 40 per cent, caustic potash to 
about 60°, and diluting considerably with water, the solution when 
cold being filtered and nearly acidified with dilute hydrochloric acid ; 
the precipitate was collected, washed, and dissolved in sodium 
carbonate, from which, after filtration, the pseudo-modification was 
precipitated at 0° with ice-cold hydrochloric acid. After being 
dried as well as possible by means of porous earthenware, the sub- 
stance was weighed and dissolved without delay, because the earlier 
experiments showed that the optical activity of the solution 
diminishes considerably with time, but although the change is rapid 
at first, it soon slackens, and many hours elapse before a constant value 
is reached. For example, the specific rotatory power of a 2*2 per 
cent, solution in alcohol fell 40° within 3 hours of the first observa- 
tion, but a slight diminution continued to be noticeable during 10 
days ; even then the solution was feebly Isevorotatory, indicating 
that conversion into the normal form was not complete. The more 
concentrated the solution, the more rapidly does this change take 
place, an alcoholic solution containing only 0‘8 per cent, of the 
pseudo-modification having been preserved during 3 days without 
exhibiting a diminution in rotatory power exceeding that undergone 
in 3 hours by a solution of six times the concentration. 

In this respect, and in its behaviour towards alkalis and piperidine, 
pseudonitrocamphane resembles pseudonitrocamphor. The accelerat- 
ing influence of alkalis was shown by adding one drop of an aqueous 
solution of caustic potash to a dissolved specimen of pseudonitro- 
camphane giving [a]x> - 87*6°; within 5 minutes, the specific rotatory 
power had fallen to -29°, and the final reading, reached within an 
hour of adding the alkali, gave [a]i> +4°, The amount of potash 
added was about 5 milligrams. The effect of piperidine is illus- 
trated by the following experiment. A 1 *26 per cent, solution of 
pseudonitrocamphane gave [a]© —86° within a few minutes of being 
prepared; one drop of an alcoholic solution of piperidine was then 
added, the amount of base thus introduced being the same as if the 
pseudonitrocamphane had been originally dissplved in a 0*1 per cent, 
solution of piperidine in alcohol. Within 10 minutes, the specific 
rotatory power was [a]i> -35°, whilst the final value, observed within 
35 minutes of adding the base, corresponded to [a]D + 4°, The actual 
values recorded during a similar experiment are represented in the 
curve on p. 260, the form of which is typical also of those obtair^ect 
on plotting the observations made during a spontaneous dimin utioh 
in rotatory power. 
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That this change in the rotation of pseudonitrocamphane is due to 
the influence of piperidine, and not to the formation of piperidine salt, 
is shown in several ways. In the first place, the quantity present is 
far too small to combine with more than a small fraction of the 
pseudonitrocamphane in the solution ; moreover, the final reading, 
which agrees closely with that required by the specific rotatory power 
of normal nitrocamphane, is scarcely altered on adding a drop of 
concentrated hydrochloric acid to the solution. It is probable also 
that a piperidine derivative of pseudonitrocamphane would be Isevo- 
rotatory, like the potassium and benzoyl derivatives. Finally, the 
diminution in the intensity of the colour developed by ferric chloride 
is concurrent with the fall in specific rotatory power, proving that 
the pseudo-modification is transformed into the normal compound. 

Fall in rotaiion of psmdonitrocamphane dissolised in alcohol coniainmg 
0*1 per cent, of piperidine. 



In the introductory section of this paper, reference was made to 
the influence exerted by light on solutions of pseudonitrocamphane. 
A 1 per cent, solution in absolute alcohol was prepared in a darkened 
room and divided into two portions, one of which was exposed to 
direct simlight {in January) for 3 hours; the other was examined 
withont delay in the polarimeter, and was protected subsequently 
feam light. At the end of the period mentioned, the specific rotatory 

had fallen 39^, that of the protected 
by only 24°. After an internal of 7 hours 
specific rotatory power 
of the piofeected 39°^ the time occupied being there- 

fore more than twice ad long as in the case of the liquid which had 
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been exposed to sunlight. In another experiment, in which a solution 
was left in diffused daylight, followed by electric light, for a total 
period of 9 hours, the fall in rotatory power was equal to that exhi- 
bited by a portion of the same solution which had been preserved in 
darkness during 23 hours. 

When pseudonitrocamphane is placed in a desiccator or exposed to 
air, it quickly changes from a white powder to a bluish, semi-solid 
mass. Before the transformation is noticeable in the appearance of 
the substance, it may be detected by the melting point ; a specimen 
melting at 71°, for instance, was still powdery, and not apparently 
altered after an interval of 3 hours, l^but the melting point was 
then 65°. When acetyl chloride is added to an ice-cold solution of 
the freshly precipitated substance in ether, the liquid becomes deep 
yellow, then green, and finally bright blue; the solid compound is 
converted into a bright blue oil by cold concentrated hydrochloric 
acid (compare Hantzsch and Schultze, loc, cit.). 

An ice-cold solution of pseudonitrocamphane in chloroform instantly 
decolorises bromine. The solution in glacial acetic acid is blue, and 
is too deep in colour to admit of the examination of a 2 per cent, 
solution in a 2 dcm. polarimeter tube. The solution in benzene is 
colourless, but becomes blue and turbid after an interval of a few 
minutes. 

Fotmdum Derivative , — ^When a solution of nitrocamphane in aque- 
ous caustic potash is allowed to evaporate spontaneously in a desic- 
cator, the potassium derivative of the pseudo-modification separates 
in white crystals. On analysis : 

0*2122 gave 0*0844 KgSO^. K = 17*87. 

CioHigOgNK requires 17*64 per cent. 

The substance is extremely soluble in cold water, forming a solu- 
tion which is alkaline towards litmus; ib also dissolves freely in 
alcohol. A solution containing 0*2781 gram in 25 c.c. of absolute 
alcohol at 18° gave [a]i> — l°4r in a 2 dcm. tube, whence [a]^ - 75*6°, 
but this value is only approximate, because it was found necesi^ry 
to filter the solution; the optical activity of the liquid remained 
constant. 

Bmzoyl -Nitrocamphane was dissolved in considerable 

excess of aqueous caustic potash and agitated with benzoyl chloride, 
which soon gave rise to a pale green, viscous oil; this was allowed to 
remain in contact with dilute potash for several hours, and when 
quite free from benzoyl chloride was extracted with ether. After 
drying the ethereal solution with calcium chloride, it was evaporated 
in a vacuum desiccator at the temperature of the air. The dark green 
oil decomposed vigorously when distilled under the ordinary pressure 
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and being only slightly volatile in steam, it was analysed without 
further treatment after exposure to dry air during several days, 

0*2149 gave 0*5660 CO^ and 0*1510 HgO. 0 - 71*83 ; 7*81. 

Oi^HgjOgK requires 0=* 71*08 ; H = 7*32 per cent. 


The benzoyl derivative is a dark green, very viscous, oil, and is 
almost odourless; an ice-cold solution in chloroform immediately 
decolorises bromine. As might be anticipated from its appearance 
and origin, the substance gives Liebermann’s reaction for nitroso- 
derivatives. 

A solution containing 0*4947 gram in 25 c.c,. of absolute alcohol 
at 21° gave [a]© - 46' in a 2 dcm. tube, whence [a ]j> - 19*3° 

An attempt to regenerate nitroeamphane from the benzoyl deriva- 
tive by the action of alcoholic potash (1 mol.) gave rise to ethyl 
benzoate and camphoroxime. 

Action of Nitrous Acid , — ^Kitrocamphane was dissolved in aqueous 
potash, filtered, and mixed with excess of sodium nitrite ; dilute 
sulphuric acid was then added to the well-stirred ice-cold solution, 
which yielded a bright blue precipitate. This was collected, washed, 
and dried on porous earthenware, but affcer exposure to air the sub- 
stance soon lost its blue colour, and became moist and sticky. The 
freshly prepared compound, after being simili^rly dried, softened at 
about 60° and melted somewhat indefinitely at 70°, forming a deep 
blue liquid which soon evolved gas and became yellow. 

It was anticipated that the substance produced in the manner 

described would be the pseudonitrdle, > but on 

^timating the nitrogen in a roughly dried specimen, the following 
result was obtained : 

0*1383 gave 14*7 c.e. at 19° and 770 mm. N = 12*40. 

CiQHjg(NO)*N02 requires N «* 13*21 per cent. 


The difference between the found and calculated percentages of 
nitrogen is greater than even the undried character of the specimen 
appears to warrant. It is probable that the substance in question 
is not a pseudonitrole of the ordinary type, but a hydrate of the 


08®14<^C(N0)-N(0H)2:0 ’ pseudonitrooamphane 

u of the elements of nitrous acid. This compound, the com- 
: ^hieh is represented by the expression + HNO^, 

" <3tet. of nitrogen, and there is evidence, apart from 
appearing to favour the view that this 
_ fc H the Hue compound is left in a desiccator, it 

bubbles of gas 




PART I. NITROCAMPHANE, 


263 


appear; after several weeks the evolution of gas ceases, and the 
yellow solid becomes much harder. When warmed with aqueous 
potassium iodide, the halogen is set free, indicating that nitrous acid 
is readily eliminated. Furthermore, on submitting the substance to 
distillation in a current of steam, gas is liberated, the aqueous dis* 
tillate b^omes distinctly acid towards litmus, and nitrocamphane is 
deposited in the tube of the condenser. 

Ooddation of Psevdonitrocamfhcme with Potassium PwmmganaU.—r-> 
A 2 per cent, solution of potassium permanganate was added to a 
cold dilute aqueous solution of pseudonitrocamphane in caustic potash. 
Camphor soon appeared in the form of a white precipitate, whilst the 
oxidising agent was reduced to manganate. When the latter was no 
longer produced, the camphor was collected, washed, and identified by 
conversion into the oxime, which melted at 118° and did not depress 
the melting point of the purified substance. 


< \J> 

C 


■ 9^2 

CCl-NO,' 


Two litres of aqueous sodium hypochlorite, containing 4 grams of 
available chlorine per litre, were cooled with ice and treated with a 
suspension of 15 grams of camphoroxime in 30 grams of caustic potash 
dissolved in water. A white, crystalline solid began to separate almost 
immediately, and after an interval of 12 hours this was washed 
thoroughly with water, dried by exposure to air, and recrystallised 
twice from a solution in boiling alcohol, which deposits it in 
aggregates of thin, transparent, six-sided plates. When dry and 
compressed, the substance forms a camphor-like mass which closely 
resembles the bromonitro-compound ; it gives Liebermann’s reaction 
and is volatile in steam, the vapour having an irritating, pungent 
odour. On analysis ; 

0*1668 gave 0*3335 COg and 0*1109 H 2 O. C == 54*86 ; H - 7*43. 

0*2107 „ 12*7 c.c. of nitrogen at 19*5° and 752 mm. N^6*8S, 

0*2199 ,, 0*1409 AgCl. Cl -=16*83. 

CioHigOgNOl requires 0 « 55*26 ; H = 7*36 ; N =* 6*44 ; 01 16*32 percent. 

The substance melts at 217°, forming a colourless liquid which does 
not immediately decompose. It is excessively soluble in organic 
media, but does not dissolve in water. Ohloronitrocamphane resem- 
bles the bromonitro-derivative in its behaviour towards boiling aqueous 
caustic soda, which does not remove the halogen. 

A solution containing 0*5095 gram, dissolved in 25 c.c. of absolute 
alcohol at 20°, gave - 2°10' in a 2 dcm. tube, whence [a]i> - 63*‘1° ; 
a solution of 0*5096 gram in 25 c.c, of benzene at 20° gave 2°66' 
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i^ the same tube, corresponding to the specific rotatory power 

An alternative method of preparing 1 : 1-chloronitrocamphane con- 
sists in adding chlorine water to an aqueous solution of potassium 
pseudonitrocamphane ; the clear liquid rapidly becomes turbid, and a 
heavy, white precipitate of the chloro-derivative is formed. 


1 :l~Bro7nonitrocamjpham, 08^i4\(}3;Br*!N'O 


As already stated in this paper, 1 : 1-bromonitrocamphane results 
on treating camphoroxime with an alkaline solution of potassium 
hypobromite (2 mols.), and its properties have been briefly described 
in a previous communication {Trans., 1898, 75, 1144). 

Consistently with, the character of a secondary nit ro-compound, 1-nitro- 
camphane yields the bromo-derivative when the solution in aqueous 
potash is treated with potassium hypobromite j a specimen prepared 
by this method gave Liebermann’s reaction, melted at 220^, and gave 
[aji) — 53"8° in a 2 per cent, solution in absolute alcohol. 

It has been mentioned {loo. dt.) that when bromonitrocamphane is 
reduced with zinc dust and acetic acid, camphoroxime is regenerated ; 
the following experiments indicate that if zinc dust alone be used, 
bromonitrocamphane will yield camphoroxime, bornylhydroxylamine, 
or bornylamine, according to the conditions observed. 

5 grams of bromonitrocamphane were dissolved in 90 per cent, 
alcohol, and heated with 10 grams of zinc dust in a reflux apparatus 
during 1 hour. The filtered solution was evaporated on the water* 
bath, and the residue extracted with dilute hydrochloric acid, which 
was thmi treated with excess of caustic soda, and submitted to distil- 
lation in a current of steam. The product was a solid, white base, 
having a faint odour of bornylamine, and probably consisting of 
bomylhydroxylamine contaminated with bornylamine ; it softened at 
about 130®, and melted very indefinitely between that temperature and 
145®, but when suspended in water, it^ reduced a cold ammoniacal 
solution of silver nitrate. 

In the next experiment, 30 grams of bromonitrocamphane were 
dissolved in dilute alcohol and heated with 60 grams of zinc dust 
during 3 houris ^ the filtered solution was treated with 15 c.c. of con- 
centrated hydrochloric acid, and deposited crystals on evaporation, 
2^ filtrate from these acquired the odour of campholenonitrile on 
fiuiti& eyapbration, showing that camphoroxime was among the pro- 
of The crystalline deposit was dissolved in water, 

*wln^ was then b<^l^ till odourle^^ rendered alkaline 

caustio soda 5 a current of steam having been passed through the 
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liqtdd, a distillate of bornylamine was obtained unmixed with bornyl- 
hydroxylamine. The specimen of bornylamine obtained in this way 
melted at 162°, and gave [a]D +41*0° in a 2 per cent, solution in 
absolute alcohol, showing that the proportion of neobornylamine was 
very small compared with that formed on reducing camphoroxime 
with sodium and amyl alcohol ; an estimation of nitrogen gave 9*24 
per cent., requiring 9*15 per cent. 

On reducing bromonitrocamphane in dilute alcohol with aluminium 
amalgam, the chief product is camphoroxime. 


1:1 

An aqueous solution of the potassium derivative of pseudonitro- 
camphane was treated with iodine dissolved in aqueous potassium 
iodide ; the colour of the halogen was immediately destroyed, and a 
pale yellow, flocculent precipitate rapidly formed and settled beneath 
the liquid, which was decanted as soon as the iodine solution no longer 
gave rise to a solid derivative. The product was thoroughly washed 
and dissolved in hot glacial acetic acid, which was then diluted with 
water ; when cold, the precipitate was filtered and recrystallised from 
the minimum quantity of hot alcohol, which was cooled as quickly as 
possible and filtered without delay. On analysis : 


-lodonitrocamphaney j 


0-1841 gave 0*2610 OOg and 0*0862 HgO. 0 = 38*66 ; H«5*20. 
0*3210 „ 13*1 c.c. of nitrogen at 19° and 770 mm. N = 4'75. 

0*2124 „ 0*1608 Agl. 1 = 40*91. 

C-^oHjeOgNI requires 0 = 38*83 ;E[ = 5*18j!N = 4*53 ; I = 41 *10 per cent. 

lodonitrocamphane crystallises from alcohol in pal© yellow pi isms 
which darken at about 170°, and melt at 179°, forming a deep brown 
liquid which rapidly undergoes further decomposition ; it dissolves 
very readily in acetone, benzene, petroleum, or ethyl acetate, crys- 
tallising from the last named solvent in lustrous, transparent prisms. 
Although quite stable in the solid state, solutions in acetone and 
alcohol darken within a few hours, and on evaporating the solvent, a 
dark brown, viscous oil remains ; the solution in benzene, however, 
may be evaporated on the water-bath without undergoing alteration. 

A solution containing 0*2497 gram dissolved in 25 c.c. of absolute 
alcohol at 19° gave ax> —*13' in a 2 dcm. tube, whence [a]x> - 10*8°. A 
solution of 0*5 gram in 25 c.c. of benzene at 20° gave ai> —36'’ in 
the same tube, corresponding to [a]^ — 15*0°. 

lodonitrocamphane gives Liebermann's reaction for nitroso-deriva- 
tives. It slowly becomes brown on exposure to light, and is more 
easily decomposed than the corresponding chloro- and bromo-derivatives; 
for instance, hot aqueous potassium iodide withdraws iodine from the 
substance, ana hot caustic soda also eliminates the halogen. 
yoL. LXXYII. 


u 
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\-lIydroxyl<minoem')^hme ifi-Eorn/yThydroxylamim), 

20 grams of aluminium (Altcmtmum^9*ies) were covered with a 
solution of mercuric chloride in absolute alcohol prepared by diluting 
a saturated solution with 10 volumes of the solvent ; when the action 
had proceeded vigorously for nearly a minute, the turbid liquid was 
decanted, and the amalgam washed with absolute alcohol. A solution 
containing 20 grams of nitrocamphane in alcohol was then poured on 
the amalgam, some water added, and the dask containing the material 
at once fitted with a reflux condenser. On warming the liquid very 
gently , a vigorous action took place, and was allowed to proceed during 
5 minutes ; at the end of this period, the contents of the flask were 
cooled, filtered, and treated with 20 grams of crystallised oxalic acid 
dissolved in the minimum quantity of hot water. Alcohol was then 
distilled off on the water-bath, and a current of steam passed through 
the liquid in order to remove non-basic bye-products ; when cold, the 
solution was filtered and rendered faintly alkaline with caustic soda, 
which yielded a granular precipitate composed of the oxalates of 
bornylhydroxylamine and sodium. It was therefore collected, sus- 
pended in hot water, treated with excess of caustic soda, and subjected 
to steam distillation. The aqueous distillate, which reduced am- 
moniacal silver nitrate almost immediately in the cold, was then heated 
and employed to extract the solid portion ; the filtered liquid, on 
coolmg, deposited minute, silky needles melting at 142®. The solid 
distillate, however, after being crystallised three times from petroleum, 
formed transparent, oblong plates melting at 154®, and both forms 
reduced cold ammoniacal silver nitrate almost immediately. On 
analysis ; 

0-0937 gave 0-2433 00^ and 0-0949 HgO. 0= 70-81 ; H=: 11*25. 

CioHjgON requires C==:71-00,- H = 11-24 per cent. 

Bornylhydroxylamine is readily soluble in hot water, and tlie cold 
solution reduces ferric chloride, ammoniacal silver nitrate, and 
Behling s solution almost instantaneously j mercui-y acetamide is not 
altered by it until warmed to about 50®, when a grey precipitate of 
mercury is produced and gas evolved. It is volatile in steam, and the 
vapour has a very faint odour suggesting bornylamine. 

A more detailed account of this substance will be given in a future 
communication. 

RoTin OoiiLXCB or Soibxoe, Lonboh, 

South Kbnsihqtoh, S.W. 
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XXVI.— rAe Refractive and Magnetic Rotatory Pow&'s 
of some Benzenoid Hydrocarlons. The Refractive 

Power of Mixtures. An improved Spectrometer 
ocaLe Reader, 


By W. H. Perkin, LL.D., Ph.D., P.R.S. 

In a paper on “Magnetic Rota.tory Power, especially of Aromatic 
Compounds," published in the Transactions of this Society, Tie 
compansons were made between the refractive and magnetic 
K + of aromatic compounds (Trans., 1896, 69 1152> 

to thtT considered in ’relation ’ 

to the benzenoid hydrocarbons, because it was thought that the 

numbers published up to that date for their refractive values were 

fact that many of the 

hydrocarbons had not been obtained in a pure condition, m sub! 
jec , however, appeared to be worth investigation, especially on account 
of the irregularities found between the magnetic rotations of these 
substances in which methyl is substituted for hydrogen of the nucleus 
or the side chain, as it was of interest to see whether the refractive 
values were of_ a similar character. Having been fortunate enough 
to nWam specimens of many of these hydrocarbons of eaceptionil 
punty, their refractive powers were therefore determined under as 

rXum^nfrT*^^-®^”^! conditions, using in each case the same 
iMtrument, hoDow prism, &c. The magnetic rotations of the new 

ThrhvdT K measured were also determined. 

The hydrocarbons used in this inquiry were : 


^Cyroene, 

*o-Xylene, 

*m-XylenB^ 

p-Xyhne, 

Pseudocumene^ 

Mesitylene, 


Benzene, 

*Toluene, 

^Ethylbenzene, 

*Propyibenzene, 

Isopropylbenzene, 

"*’Isobutylbenzene, ^ 

and Tetraethylbenzene. 

* were prepared from the weU-crystallised 
^Ih to! and for these I am indebted to Dr. Moody! 

with the exception of toluene, isobutylbenzene, and eymene which 
were _prepMed in my own laboratory. The benzene was obtained 
^m acid, theji-xylene was purified by strongly pressing the 

^ystals between calico for a considerable time, and tlm iSpS 
benzene was prepared from cumic acid. The pseudocUerSd 

17 2 
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mesitylene, not having yet been made from their sul phonic acids, were 
purified only by careful fractional distillation, and are therefore not 
of such well known purity as the foregoing. The tetra ethylbenzene 
was obtained from Schuchardt, and was carefully fractionated. 

The re-determination of the magnetic rotation of ethylbenzene differs 
but very little from that obtained previously with the same specimen, 
whilst with the new specimens of propyl- and isobutyl-benzenes and 
of o-xylene rather larger differences were obtained, as will be seen by 
the following comparisons of the molecular rotations. 

Old Nos. New Nos. Diff. 


Ethylbenzene 13*442 13*467 0*025 

Propylbenzene 14*553 14*481 -0*072 

Isobutylbenzene 15*615 15*770 -f 0*165 

o-Xylene 13*345 13*449 -f- 0*104 


The rotation of the new specimen of isobutylbenzene is seen to give 
considerably higher numbers than those previously obtained. This 
was expected, and the rotation now clearly indicates the existence of 
the iso-group which the old one did not (zSic?., 1082). The rotation 
-of o-xylene is also a little higher than that previously given, showing 
a somewhat larger difference, due to position, when compared with 
.jD-xylene, namely, 0*639, instead of 0*535, 

The rotation of tetraethylbenzene is interesting, because it shows 
that the four ethyl groups introduced into the nucleus give an average 
result which is nearly four times that found for this group in 


ethylbenzene, thus : 

Ethylbenzene ............13*467" 

Benzene..,......^............... 11*284 

OjHgdisp.H 2183 

4 


5? JJ O'IDJi 

Benzene... 11*284 

Tetraethylbenzene 20*016 

Found 19*968 


Diff.... - 0*048 

yOf course, as mentioned above, this is an average result, because 
^ would not have quite the same inflence in all 
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1. Refeactive Power of Benzenoib Hfdeooarbons and its Com- 
parison WITH THEIR IRIaGNETIO RoTATORY PoWER. 

Prom the results obtained, the following relationships are found to 
exist between the molecular refraction of the hydrocarbons, in which 
there is only one displacement of hydrogen in the nucleus by a fatty 
^oup. The numbers are for the line Ha. 


Benzene 

Toluene... 

Ethylbenzene . . . 
Propylbenzene ... 
Isopropylbenzene, 
Isobutylbenzene 


d. 

44*087^ 

52-326 


Diff. for CH2. 

+ 8-239 , 


75-639} 


Biff: 

0-395 

0-042 

-0*040 


Prom this table, it is seen that the introduction of methyl into the 
nucleus gives for the change in composition by CHg a number con- 
siderably higher than that found for subsequent additions which are 
not in the nucleus, but in the side chain, and that these amounts 
gradually diminish for each addition, although in every case they are 
higher than the ordinary value for OHg in the fatty series, namely, 
7-6. It is also seen that the iso-group, when introduced into the open 
chain, gives a lower number by 0*105 than the normal group. 

The following table shows the difference of refraction due to 
position in the xylenes : 

A^«~l Diff. for Dispersion 

d. Position. 

p-Xylene 60*527 > 0.032 

m-Xylene 60*496; 3*134 

o-Xylene ....... — 60*375) 0*120 3*115 


The purity of the mesitylene and pseudooumene not being so well 
established as that of the xylenes, a comparison of their refractive 
values in relation to position, where the differences are so small, 
would not be useful. 

As previously noticed, it is seen that o-xylene gives lower num- 
bers than either the para- or meta-derivative. This is also the case 
with other compounds {ihid,, 1159), but the differences are not large 
and will not practically interfere with the following considerations 
of the methyl displacements, which are in the nuclem only. The first 
table on p.r270 shows the change, or average change, of refraction in 
these cases for each alteration of composition by CHg. 
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Toluene... 

Benzene 

2 ?-Xylene 

Benzene 

»»-Xylene 

Benzene 

o-Xylene 

Benzene... ...... 

Mesitylene .. 

Benzene 

Pseudocumene 
Benzene 


LV, 

63-326 

44-087 

60-527 

44-087 

60-495 

44-087 

60-375 

44-087 

68-631 

44-087 


Diff. for CHj. 
8-239 

16-440 2 = 8-220 

16-408 -i- 2 = 8-204 

16-288 2 = 8-144 

24-544 4 3 = 8-181 


68-592, 

44-087!- 24-505 4 - 3 = 8-168 


From these results, it is seen that whether one, two, or three dis- 
placements occur in the nucleus, the variation in refraction for the 
change of composition by CH^ is very nearly the same, and very much 
higJier than when it occurs in the side chain of toluene. The same 
result is also seen on comparing compounds having substituted side 
chains with their isomerides containing methyl radicles substituted in 
the ring, the refractions of the latter being considerably higher. 


yi-Xylehe 60-527 

Mhylbenzene........ 60-170 

Mesitylene ................ 68*631 

Propylbenzene 67’972 


1 4.0-457 4 2 = 0-228 
} + 0-659 4 3=0-219 


Th^ same thing is also seen in relation to methylisoprppylbenzene, 
or cymene, in which there are two displacements in the nucleus, and 
isobutylbenzene, where there is only one, the difference being very 
nearly that found for the xylenes. 


Methylisopropylbehzene . . . 
Isobutylbenzene 


j p. 


The last example to be considered in relation to these nuclear dis- 
|^[|qe3nents is that of tetraethylbenzene. In this .case, it will be 

comparison, to estimate from tboTefractiye 
that of tetramethylbenzena, and then by 
to find that of the OHg 
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Ethylbenzene 60*170 

Toluene 52*326 

CHg outside nucleus 7*844 

Now by subtracting 4 times this amount from the value of tetra- 
ethylbenzene, an estimate of the methyl derivative will be obtained. 

Tetraethylbenzene 108*097 

Less 7-844x4= 31*376 

Tetramethy Ibenzene 76*721 

Less benzene 44*087 

Value of OHo X 4. 32*634 

„ CHg. 8*168 

From this estimate it therefore appears that these large numbers 
for the change of composition by OHg continue even to the fourth 
displacement, and may therefore be common to all. This is very re- 
markable, because it would have been expected that if any change 
occurred, the association of groups of relatively low refraction like 
OHg with benzene, which has such a high refractive value, would 
decrease rather than increase the refractive power. 

These results difEer from those obtained for the magnetic rotations 
in a striking manner, as will be seen from the following comparisons. 

The following table gives the rotations of the ?wowo-substituted 
derivatives of benzene : 

Mol. rot. Biff, for CHg. 

Benzene 11*284> n 

Toluene 12*167{ 

Ethylbenzene 13*467| 

Propylbenzene ......... 14*48l| 

Isopropylbenzene ...... 14*633/ +0*152 (iso-group) 

Isobuty Ibenzene. 16'77o} 1*137 

Erointhis, it is seen that the introduction of methyl in the nucleus, 
gives for the change in the composition, OHg, a much lomf value than 
that found for subsequent additions which are not in the nucleus, a 
result opposite to that observed in the case of the refractions.* 

Where there are multiple displacetaents in the comparisons 

of the magnetic rotations are somewhat difficult to make, on account 
of the infiuence of position aflEecting the individual numbers to a 
much more considerable extent than in the case of refractions. By 

* On ftccourt of the new determinations, this table differs somewhat from that 
previously given (Trans,, 1896, 69, 1082), 
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taking an average of the rotation of hydrocarbons with similar radicles 
in each of the possible positions, this difficulty is overcome, thus : 


MoL rot. 

o-Xylene 13*449 

jp-Xylene 12*810 

w-Xylene 12*866 

Average 13*042 

Less benzene i . .. 11*284 

Average for OHg X 2 1*758 

CHg... 0-879 


This number, it is seen, is practically the same as that for the 
difference between benzene and toluene, namely is 0*873, so the 
average effect of the t-wo displacements in the nucleus is similar to 
that of the first. 

There are not enough ezamples from which to get an estimate of 
the effect of the three displacements, but as in tetraethyl benzene 
-We have all positions represented, it is possible to ascertain that of 
four. It has already been shown that the average of the four 
ethyl displacements in this compound is very close to the value of 
ethyl occurring in ethylbenzene, and therefore the average of the 
methyl displacements in tetramethylbenzene should be] about the 
same as in toluene 3 this is also seen to be the case from the following 


method of estimation : 

Mol. rot. of tetraethylbenzene 19*968 

Less four times the diff. between ethyl- 
benzene and toluene 1*301 x 4 5*204 

Mol. rot. of tetramethylbenzene ............ 14*764 

Less benzene 11*284 

OHgXi 3*480 

CHg 0*870 


This is very close to that found in the first nuclear displacement 
already referred to, namely, 0*873. 

It is ther^ore seen that the change in molecular rotation, due to 
tfe of hydrogen by methyl in the nucleus, is on the 

than th^ observed when substitution occurs 
& respect opposite in character to the 

the pap^ by i^^ myself (Trans., 1889,66, 
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750), as also from th^ observations made in other papers published 
since then (Trans., 1894, 65, 419 ; 1896, 69, 1167), it is shown that 
there is generally a correspondence between the magnetic rotation 
and refractive power of compounds. It has, however, been found 
that this is not always the case, and that it does not hold good in 
reference to position and the iso-group (Trans., 1896, 69, 1160), nor, 
as shown in this paper, in the case of displacements of hydrogen by 
methyl in the benzene nucleus. 

Experimental. 

Benzene^ 

Obtained from benzoic acid. This was the same specimen as 
used for the magnetic rotation and density determinations already de- 
scribed (Trans., 1896, 69, 1191), It was redistilled from phosphoric 
oxide, ' 


The refractive power was found to be as follows. Density, 
d 8-674° = 0'89137. 



, S-5° . 

1 

1« 

Line, 


d ’ 


K... 

1-49878 

0-65967 

43-647 

Li.. 

1-50309 

0-56440 

44-023 

H,. 

1-60381 

0-56521 

44-087 

Na. 


0-57071 

44-616 

H, 

1-52086 

0-68434 

46-578 


] -63164 

0-59632 

46-513 


Dispersion Hv • 

-Ha= 2-426 



Toluene, 


P^pared from pure potassium p-toluenesulphonate and 

redistilled from phosphoric oxide; it boiled at 110-6°. 


The refractive power was found to be as follows. Density, 

d 8-574° = 

0‘8776r. 




AtS-S' /t-l 

yu - Same spec 


Line. 

4^ ‘ d ‘ 

— at 10-7”. 

Diff. 

K 

. 1-49397 0-66288 

51-785 61-806 

0-021 

Li 

. 1-49809 0-56758 

62-218 — 

— ■ • 



. 1-49891 0-56852 

62-304 52-326 

0-022 

Na 

1-50349 0-57373 

52-784 52-800 

0-016 

H,..., 

, 1-61628 0-58717 

54-019 64-031 

0-012 

H...... 

1-52523 0-69850 

56-062 — 

— 


Dispersion Hy 

-Ha = 2-768. 
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These two independent determinations are seen to agree very 
elosely. 

Ethyllmzme^ 0 sHio. 

Prepared from ethylbenzenesulphonic acid by Dr. Moody {ibid., 
1192). It was redistilled from phosphoric oxide and boiled at 135’6°. 
Five additional determinations of the magnetic rotation of this 
specimen gave the following average values : 

MoL rot. 


t. 

Sp. rot. 

Mol. rot 

corr. to 15°. 

16-7° 

* 1-9900 

13-459 

13-467 

The refractive power was ‘found 
d 8 * 474 ° -0*87697. 

8-4° 

to be as 

At~l 

follows. Density, 

itt-l 

Line. 


d ‘ 


K 

1-49303 

0-56220 

' 59-693 

Li 

1-49701 

0-56673 

60-073 

H„ 

1-49781 

0-56764 

63-170 

Na. 

1-50206 

0-57249 

60-684 



1-51316 

0-68515 

62-026 

Hy 

1-52279 

Dispersion, Hy — 

0-69613 
Ha =3-020. 

63-190 


Pro^pylhe'Azene^ 0^^^, 

Prepared from propylbenzenesulphonic acid by Dr. Moody. It 
^as distilled from phosphoric oxide and boiled at 159^ corr. Density 
4 15'^/15°== 0*86711, that of the specimen previously examined and 
ipurified only by fractional distillation was 0*8668 for the same tem- 
peraturOj audits boiling point 169*5° {ibid,, 1192). 

Seven determinations of the magnetic rotation of this specimen 

Mol, rot 

Mol. rot. corr. to 16°. 

14*485 14*481 

The molecular rotation of the previous specimen was 14*653 (iSic?,, 
1241 ). 

The refractive powers of tha propylbenzene from Dr. Moody and of 
specimen previously examined for its magnetic rotation, and 
by distillationj were determined for comparison, 

to the former being given below. Density, 


•were made, the mean being 

L Sp. rot 

13*3° 1*8871 
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n8-3° M-1 M-ki Previous 

Line. d Pr®P- Diff. 

K...... 1-48942 0-66133 67-369 67-367 -0-002 

Li 1-49320 0-66666 67-879 67-877 -0-002 

1-49388 0-66644 67-972 67-973 +0-001 

Na ......... 1-49793 0-67106 68-627 68-539 -0-012 

Hp 1-60850 0-58321 69-984 69-990 -0006 

Hy 1-51769 0-59375 71-260 71-242 -0-008 

Dispersion, Sy-Ha — 3-278. 


From these results, it is seen that both specimens of this hydro- 
carbon give practically the same numbers for the refractive power. 
The magnetic rotations, however, show a decided difference. 

Isopropylhenzme, CgH^j. 

This was the same specimen as that used previously for the measure- 
ment of the magnetic rotation (iJicf., 1194) j on redistillation from 
phosphoric oxide, its relative density, d, 15°, was raised slightly from 
0-8668 to 0-86755. 

The refractive power was found to be as follows. Density, 
<f7-9°/4°= 0-8727, . 


UJLUC. 4 Cli Of 

K 1-48930 0-56067 67*280 

Li ...... 1-49280 0-56468 67-762 

1-49364 0-56564 67-877 

Na - 1-49778 0-57038 68*446 

Bip 1-50826 0-58239 69-887 

By 1-51722 0-59266 7M20 

Dispersion By - = 3*24:3. 


leolutylhemme, O^^Bi^. 

The specimen of this hydrocarbon examined was prepared from 
^-isobutylbenzenesulphonic acid. 160 grams of j^-isobutylbenme 
obtained from Kahlbaum were dissolved in fuming sulphuric acid/ 
and the product, consisting chiefly of the y)-sulphonio acid, was 
treated with an excess of barium carbonate. The para-salt, which is 
sparingly soluble in water, was obtained in leaf-like crystals, and 
purified by recrystallising three times. The calcium salt is very similar 
in appearance to the barium salt, but much more soluble in water. 
On analysis, the barium salt gave the following numbers which agree 
with those obtained by Kelbe and Pfeiffer 1886, 19, 1728) : 

An air dried specimen, heated to 160^ lost 6-236, that 

calculated for IH^O being 6-012 per cent. The anhydrous salt, which 
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rapidly absorbs water when exposed to the air, was found to contain 
Ba = 24’24, that calculated for being 24*30 per cent. 


j^o-Isobutylbenzenesulpbonic acid, obtained by boiling this salt with 
the theoretical amount of dilute sulphuric acid, crystallises easily, but 
is very soluble in water and deliquescent. It has a rough, bitter taste, 
which afterwards becomes somewhat sweet. For the hydrolysis of 
this compound, distillation with slightly diluted sulphuric acid whilst 
steam was blown through the mixture was at first tried, but the 
yield of hydrocarbon was found to be small. The acid was therefore 
heated in sealed tubes with rather more than twice its weight of 
hydrochloric acid of sp. gr. 1'195, at a temperature of 190 — 200°, for 
6 or 7 hours, the product being afterwards distilled with steam. 
This method yielded about 91 per cent, of the theoretical quantity. 
The oil was washed, dried over potassium carbonate, and then 
distilled. It commenced to boil at about 155° with evolution of some 
hydrogen chloride, but the temperature soon rose to 169*5°. It was 
then digested with sodium for some time and again distilled ; most of 
it then came over at 169*5°, a very little afterwarJs passing over 
between this and 172°. The fraction which commenced to come over 
at about 155° apparently contained a small quantity of an additive 
product of the hydrocarbon with hydrogen chloride, as it burnt with 
a green-edged flame j after heating it with sodium, the boiling point 
was raised to that of the hydrocarbon. 

Dr. Moody was kind enough to convert some of the barium salt, 
from which the acid and hydrocarbon - were prepared, into the 
chloride and amide, and found that the amide, which melted sharply 
at 137°, corresponded exactly with the isobutylbenzenesulphonamide 
described by Kelbe and Pfeifer. 

The relative density of the isobutylbenzene obtained from the 
sulphonic acid was 0"87r30 at 15° j this is nearly the same as that of 
the product previously used for the determination of the magnetic 
rotation, and obtained by fractionating Kahlbaum*s isobutylbenzene, 
namely, 0*8714 ; the boiling point was also practically the same, 
169>-169*5° 


The magnetic rotation of this new specimen gave, as the average of 
seven determinations : 

Mol. rot. 

Sp. rot Mol. rot. corrected to 15®. 

; m° 1*8484 15*777 15*770 


considerably higher than that obtained with the 
from Kahlbaum*s hydrocarbon, which gave 
low number m be unsatis- 

at the time^^and a det^nniiati^ of the magnetic rotation of the 



POWEBS OP SOME BEITZENOIB HYDBOCARBONS* 


277 


new preparation was therefore desirable 1082) ; the higher 

result is about that which might be expected, and clearly shows the 
influence of the iso-group in this compound. 

The refractive power of this specimen, and also of that of the specimen 
previously examined, were determined for comparison, the details of. 


the former being only given. Density, d 7*9®/4® = 

= 0-87620. 

Line 

7-9° 

4° ■ . 

d ' 


Fractionated 
specimen. Diff. 

K 

. 1*49022 

0*55949 

74-971 

74-971 — 

Li 

. 1-49384 

0-56361 

75'624 

76-525 0-001 

H, 

. 1-49459 

0-66447 

75-639 

75-632 -0-007 

Na 

. 1-49851 

0-56894 

76-238 

76-230 -0-008 

H, 

. 1-50858 

0-68044 

77-779 

77-801 +0-022 

H, 

. 1-61722 

0-69030 

79-099 

79-123 +0-024 


Dispersion Hy - 

H.= 3-460. 



These results show that the refraction does not indicate the diflfer- 
enee of purity of the two samples to the same extent as the magnetic 
rotation, the numbers being nearly identical. 

Q-Xyl&ney 

Prepared from the pure sulphonic acid by Dr. Moody, and re- 
distilled from: phosphoric oxide. Boiling point 144*5® (corr.). This is a 
higher boiling point than that of the hydrocarbon previously ex- 
amined as to its magnetic rotation and purified by fractional distillation 
only, namely, 142*1 — 143*1® {ihid.^ 1192). Its density at 15®/15® was 
0*88514, which is also higher by 0*0033. It was therefore thought 
desirable to determine its magnetic rotation, which was as follows, 
the numbers being the average of six determinations : 

Mol. rot. 

t Sp. rot. MoL rot. corrected to 16 ®. 

13*6® 2*0255 13*456 13*449 

The fractionated specimen previously examined gave 13*345 ; the 
new results being higher, when compared with those obtained with the 
para-compound 1241), show that the difference for the ortho- 

position is rather more pronounced than previously indicated, thus *. 

Mol. rot. of o-xylene,. 13*449 

„ „ p-xylene.i 12*810 

0*639 

This difference is similar to that between pseudocumene and 
mesitylene, namely, 0*632 {ihid,^ 1130). 

The refractive power of this new specimen, of o-xylene was found to 
be as follows. Density, d 8*5°/4®= 0*8899. 
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8-5“ 



Speeimen 

Line, 

d ‘ 


examined by- 
Gladstone. 

K 

... 1-50189 

0-66399 

59-783 

59-80 

Li...... 

... 1*50603 

0-66864 

60-276 




... 1-50687 

0-66958 

60-375 


Na ... 

... 1-61136 

0-67462 

60-910 


Hg 

... 1-52291 

0-58760 

62-285 


Hy 

... 1-53301 

■ 0-59896 

. 63-490 



Dispersion — 


As in the case of isobutylbenzene, the more highly purified specimen, 
in comparison with the fractionated product, shows a distinct difference 
in magnetic rotation, but practically no difference in refractive power. 

■^-Xylene, 

The specimen used in the following measurements was the same as 
that previously described 1193), being the crystallised hydro- 

carbon purified by strong pressure between calico for some considerable 
time. It boiled at 138*5° (corr.), and fused at 13*4° 


The refractive power was found to be as follows. Density, 
d 14-4°/4°= 0*86619. 



14*4® 

fJL-1 


Line. 


d 


K 

1-48979 

0-56546 

69-937 

Li .. 

1-49385 

0-57014 

60-435 

H„........... 

1-49462 

0-57103 

60-627 

Ha 

1-49911 

0-57621 

61-078 

- 

1-51060 

0-68936 

62-472 

Hy..... 

1-62055 

0-60Q97 

63-702 

Dispersion = 

3-176. 



m-Xylem, OgHj^. 


This was prepared from the pure 4-siilphomc acid, and redistilled 

from phosphoric Oxide before use. Boiling point 139-3° {iUd., 1193). 

The average of two sets of measurements of the refractive power is 

given. Density, d 8'4°/4° 

= 0-87397. 




8*4'’ 

fl-1. 

1 

Line. 


d 

V^- 

El 

1*49403 

0-66526 

59-917 

Li...... 

1-49797 

0-66978 

60-397 



1-49878 

0-57070 

60-496 

........... . 

1-60324 

0-67581 

61-036 


1-61469 

0-58890 

62-423 


1-62462 

0-60027 

63-629 



3-134. 
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A second set of measurements were also made at 14°, so as to com- 
pare more accurately with the numbers obtained with jp-xylene, which 
as it whs solid below 13*4° could not be examined at a lower tempera- 
ture. It is not necessary, however, to give the details as the measure- 
ments were very close to the above, the average lowering from the 
rise of temperature, however, amounts to 0*017 for the difference 
of 5*6°, or 0*003 for 1°. In the determination of the temperature 
difference for toluene (Trans., 1892, 61, 308) the variation was 0*0035 
for 1°, or nearly the . same amount. The molecular refraction for 
at 14° will therefore be 60*478, that actually found being 60*487. 


1 : 4rMethyli8oprop^lhenii!em (Gpmene), 

This specimen was prepared from the sulphonic acid 1194). 
Density, 7'9°/4°=: 0*86700. 

A second set of determinations was also made on a different 
occasion at 7°, and the molecular refraction obtained is given for 
comparison. 


Line. 

al£. 

fJL^l 

d ’ . 


Pet. at 7®. 

Diff. 

K.. 

.... 1-48815 

0-56303 

76-446 

75-486 

+ 0-039' 

Li .. 

1-49183 

0-56727 

76-016 

76-031 

+ 0-016 

Ha 

1-4926T 

0-56813 

76-129 

76-129 

— 

Ha 

1-49664 

0-67282 

7.6-768 

76-777 

+ 0*019 

Hp 

.... 1*60698 

0-68476 

78-357 

78-362 

+ 0*005 


.... 1*51599 

0-59614 

79-749 

79-743 

-0*004 


Dispersion Fy 

-Fa =3*620 at 7*9°, and 3*614 at 7° 


1:3: i'Triethylhenzene {Fseudoomiene), Cg 

The product described in the previous paper {ihid,^ 1193) was 
used, after redistillation from phosphoric oxide ; it was not prepared 
from a sulphonic acid. 

The rei^ctive power was found to be as follows. Density, 
ef 874°« 0*88567, 

Line. ^ 

1*50625 0*57160 68*592 

............... 1*52197 0*58935 70*722 

...... ...... 1*53192 0*60068 72*070 

Dispersion, Ha=3*478. 


Tins, was the same specimen as that described in the previous 
paper {ibid,} 1193) ; it was not prepared from a sulphonic acid. 
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The refractive power was found to be as follows. Density, 
d 7 * 674 :<^=^ 0 ' 87397 . 


Line. 

7-6° 

M- 1 
d 


H. 

. 1-49985 

0-57193 

68-631 



. 1-51521 

0-58950 

70-740 

Hr 

. 1-62460 

0-60026 

72-030 


Dispersion, Hy ~ = 3*39 9 • 


1:2:3: ^ 14 ^ 22 - 

This hydrocarbon was obtained from Schuchardt and fractionated 
a few times ; the specimen examined boiled at 252 — 254®, corn, 
Jacobsen gives the boiling point as 254® (jBen, 1888, 21, 2818). 
Belative density : 


d 4°= 0-89822 d 10° = 0-89405 

15° = 0-89092 

d 20 ° = 0-88780 

c2 26 ® = 

0-88656 

The average of three determinations of the magnetic rotation gave : 

t. 

Sp. rot. 

Mol. rot. 

14-7° 

1-6862 

19-968. 

The refractive power was 
i9-6°/4°= 0-88664. 

found to be 

as follows. Density, 




Line. ^ 4®" 

d ' 


E 1-50017 

0-66411 

107-182 

Li 1-50381 

0-56823 

107-963 

H...... 1-60444 

0-66893 

108-097 

Na .... 1-60846 

067346 

108-967 

Hja 1-61890 

0-58526 

111-197 

Hy..... 1-52798 

0-59649 

113-143 

Dispersion Hy — = 5 -046. 


II, The Eefractive Power of Mixtures. 

In the paper already referred to on the “ Magnetic Rotatory Power, 
especially of Aromatic Compounds,’' it is shown that the molecular 
rotations of a number of mixtures which were examined were lower 
than the rotations calculated from their constituents when the specific 
3 ?otations of these were dissimilar (Trans,, 1896, 69, 1062). It was 
th^fore of interest to know whether a similar dii^erence could be 
traced in the refractive power of mixtures, and to ascertain whether 
both each other in this particular, as they do in so 

power was therefore measured of 
:Bom$ of the which the magnetic rotation had been deter- 
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mined, as well as a few others which suggested themselves as likely to 
be of service in reference to this subject. Other experimenters have 
been engaged with this subject of mixtures to some extent, although 
not from the point of view referred to above, the latest paper being 
published about two years ago by Zecchini (Gazzelta^ 1897, 2f7^ 
i, 358). 

The following mixtures were examined : 

Heptane and ethyl nitrate. 

Methylene iodide and ethyl oxalate. 

Carbon disulphide and ethyl nitrate. 

Benzene and heptane. 
a-Bromonaphthalene and ethyl nitrate. 
a-Bromonaphthalene and heptane, 

Phenetole and benzyl cyanide. 

The first and last were thought to be important, because in both the 
constituents have nearly the same refractive indices, whilst in the 
other cases they are more or less wide apart. 

To make the results comparable, the refractive power of each of the 
products employed for the mixtures was also determined. 

The method of calculating the results obtained with these mixtures 
was analogous to that used in the case of their magnetic rotations 
(Trans., 1896, 69, 1Q62), namely, treating the mixtures as chemical 
compounds, finding their molecular refractions, and afterwards, from 
the determinations of their individual constituents, calculating what 
this should be if no change occurred on mixing, the difference between 
the two sets of numbers showing the amount of change, if any, which 
had taken place. The densities of the mixtures being required im 
these calculations, the effects of the expansion or contraction which ^ 
usually takes place on making them are of course taken into account.. 
As the calculated molecular weights of the mixtures vary considerably, 
it was thought to be more convenient, for the purpose of comparison, , 
to use, not the actual differences between the molecular refractio)is,« 
calculated and observed, but the percentage differences they represent,- 
especially as these are also the percentage variations between the- 
calculated and found specific refractions. , 

The following results were obtained with mixtures at 15° ; the 
experimental details from which they are taken will be found further 
on (p. 285, et seq.). 

Mixture of equal volumes of Heptane and Ethyl Nitrate . — The com- 
position is 1 mol. OyHjg-fl'781 mols. EtNOg. Slight expansion 
took place on mixing these substances. The mixture was examined 
as an example of two fatty compounds with very similar indices o£ 
refraction, the difference for at 15° being only 0 '00337. 

VOL. LXXVII. 2L 
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The’ porcQiitage differences between the calculated and observed 
values for the molecular or specific refractions were for 

-0-013. +0-006. By ~ 0-004. 

so that no practical variation was found in this case. 

Ei^Vidl volv/Tn^s of lodido dvid Ethyl -Composition, 

1 mol. OH 2 I 2 + 0*592 mol. (C02lt)2. Originally it was intended to 
use ethyl nitrate instead of ethyl oxalate, but methylene iodide was 
found not to be miscible with this substance. On mixing the com- 
pounds, expansion occurs to a small extent. 

The percentage differences between the calculated and observed 
values for the molecular or specific refractions were 

Ha -2-09. Bfi -2-42. H^ -2-75. 

The refractive power of this mixture is therefore very much lower 
than that calculated fronl its constituents. This is also the case in 
respect to the dispersion^ as the reduction for is - 0*779. 

The difference between the refractive indices of the constituents is 
very large, being 0*32464 for Ha at 15®. 

The magnetic rotation of this mixture was also once determined, 
but the readings were difficult to obtain as it had become slightly 
coloured with iodine. The molecular rotation obtained was 19*685, 
that calculated being 22*796, thus showing a great reduction, namely, 

Mqucd volwms of Gmhon IHs^adphide and Ethyl NitTOnte.' — Composition 
1 mol, CSg'l' 0*733 mol. EtHOg. Slight expansion occurred on mixing 
the substances. The percentage differences between the calculated 
and nl^served values for the m<fiecul«up or specific refractions were 

Ha -1*08 Hp -1*33 Hy -1*45 

Admixture in this case also has therefore been attended with a 
large reduction in refractive power ; there is also a considerable lower- 
ing of the molecular dispersion, amounting to 0*278 for Hy-H^. 
The difference between the refractive indices of the constituents 
amounts to 0*23635 for H^ at 15®. 

The magnetic rotation of this mixture was also very considerably 
lower than that calculated from its constituents {he. cit.y 1055). 

Equal volumes of Benzem and Heptane. — Composition, 1 mol. 
CgHg+ 0*606 mol. C^-Hjg. Slight expansion takes place on making 
mixture. The percentage differences between the calculated and 
values ior the molecular or specific refractions were ; 

H^^-'G*29- — ' By -0*29 

She dispersion amounts to 0*029 for By — Ha. 
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Tiie falling off in this case is small, both in refraction and disper- 
sion ; the difference between the refractive indices of the constituents 
is, however, not very large, being 0*11140 IS'^ for This result 
is very similar in character to that of the magnetic rotation of this 
mixture. 

Equal volumes of a-Bromona^htkalene and Ethyl Nitrate. — Composition, 
1 mol, Cj^H^Br + 1*7 mols. EtliTOg. Slight expansion takes place on 
mixing these substances. The percentage differences between the 
calculated and observed values for the molecular or specific refractions 
were 

H^_0*44 Hp~0*53 Hy-.0*50 

The reduction in molecular dispersion is 0*2 6$ for The 

differences between the refractive indices of the constituents for Hg, 
at 15® is considerable, amounting to 0*26614. 

Equal volumes of wBromonwphthalene and Heptane. — Composition, 
1 mol. O^oHij-Br + 0 954 mol. C^Hjg. Slight expansion occurs on 
making this mixture. The percentage differences between the cal- 
culated and observed values of the molecular or specific refractions 
were 

-0*24 -0*29 Hy -0*33 

The reduction in molecular dispemon amounts to 0*164 for 
The difference between the refractive indices of the constituents is 
also large in this case, being 0*26339 for at 15®. 

Eqtuil volumes of Fhenetole and Benzyl Cyanide. — Composition, 1 mol. 
OgHjQO + 1*097 mols. Slight expansion also occurs when these 

substances are mixed. The percentage differences between the cal- 
culated and observed values for the molecular or specific refractions 
were 

-0*05 -0*06 By -0*05 

The dispersion in this case has not undergone any appreciable 
chsmge/ The refraction approximates very nearly to the calculated 
value, the refractive indices of the constituents likewise’ are very close 
to each other, the difference being only 0*01517 for at 15®w 

The foregoing results are quite analogous to those of the magnetic 
rotations of mixtures, and it is seen that when the difference between 
the refractive indices of the two substances of which a mixture is com- 
posed is large, the molecular refraction is considerably less than that 
calculated, but when it is very small, as in the cases of the first and last 
examples, the observed and calculated molectilar refraction is nearly 
the same. At first sight, there is a want of consistency in the 
re^ts ; for example, the reductions are much smaller in the case of 
the imxtures containing a-bromonaphthalene, although the difference 
between the refractive indices of the constituents are quite as large as 

X 2 
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in the case of the mixture of carbon disulphide and ethyl nitrate. On 
closer consideration, however, the mixtures are found to divide them- 
selves into two classes, those giving large and those giving small 
reduction ; the former consist of fatty substances but the latter 
of fatty and aromatic compounds, as the following table shows ; 

Percentage 
Dilf. between reduction 


Mixture of equal vols. at 15®, indices. for Ha. 

I, Heptane and ethyl oxalate 0'00337 0*016 

II. Methylene iodide and ethyl oxalate ... 0*32464 2*087 

IIL Carbon disulphide and ethyl nitrate ... 0*23635 1*088 

IV, Benzene and heptane 0*11140 0*264 

V. a-Bromonaphthaleneand ethyl nitrate... 0*26614 0*443 

VI. a-Bromonaphthalene and heptane 0*26331 0*287 

VIL Phenetole and benzyl cyanide.,. 0*01617 0*050 


The results obtained by Zecchini with mixtures of substances with 
refractive indices wide apart are in accord with the foregoing, as is seen 
in the case of mixtures of carbon disulphide and alcohol, of methylene 
iodide and carbon disulphide, and of a-bromonaphthalene and alcohol, 
the last giving results of much the same character as the mixtures 
containing a-bromonaphthalene described above. Oinnamaldehyde and 
carbon disulphide, which have very similar refractive indices, were 
also found, when mixed, to give numbers differing from the calculated 
value by only about - 0*05 per cent. One mixture examined by 
Zecchini, namely, that consisting of oinnamaldehyde and alcohol, is 
unsuitable for comparison from the point of view of this paper, 
because of the probability of ohemi^ union taking place between 
the two compounds. . 

With mixtures of aromatic compounds examined by Zeccbini, th^e 
are two which show a reduction in refractive power where the indices 
differ, but not to equaT extents, namely, anethole and thiocarbanil, 
and anethole and oinnamaldehyde, the variations being 0*065 and 
0*331 per cent, respectively. 

There are, however, several exceptions to the cases already referred 
to, thus the various mixtures examined by Zecchini of a-bromonaph- 
thalene and carbon disulphide which might have been expected to 
give numbers very nearly the calculated, the indices being very 
similar, give a slight increase oi refractive power, amounting to about 
0*113 per cent* a-Bromonaphthalene, however, even with substances 
of very low refractive power, does not give mixtures with such a 

as might be anticipated judging from 
the Again, in the cases of mixtures 

; c^bon the difference between 

indices is again smally the results are also slightly larger than the 
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calculated by about 0*120 per cent. The same is also true with 
mixtures of anethole and carbon disulphide, where the difference 
between the indices is a little greater, but the number is only about 
0*05 per cent, in excess of that calculated, if one rather high result 
is omitted. Lastly, mixtures of a-bromonaphthalene and anethole, 
where the indices are again close, gave numbers a little above the 
calculated by about 0*112 per cent. The mixtures examined by 
Zecchini contained various proportions of the different constituents, and 
were not all examined at the same temperature ; his results therefore 
are not quite comparable with those given in this paper where 
equal volumes at 15*^ were always taken and the measurements made 
also at 15®, but they are sufficiently analogous to give a general idea 
of the peculiar results obtained. It may be worth remarking here 
that the examination of a mixture of a-bromonaphtbalene and carbon 
disulphide in equal vols. at 15® gave results which were very similar 
to Zeechini*s, being slightly higher than the calculated values ; a 
slight increase in dispersion was also observed. 

From all these examples of mixtures, it appears that, although the 
differences between the refractive indices of the components have a 
great deal to do with their peculiar refractive values, there also 
seem to be influences acting in other directions, and to get clearer 
views of this subject it evidently requires to be studied in a more 
systematic manner than has hitherto been done. Probably it would 
be useful to examine various series of high refracting compounds in 
equal volumes with one substr.nce of very low refracting power, and 
also series of low refracting comj; ounds mixed with one of very high 
refracting power <fcc., keeping the chemical as well as the physical 
relationships in mind. When it is remembered how greatly the 
molecular arrangements in fatty and aromatic compounds differ from 
each other, it is not surprising that, with respect to their refractive 
values, such substances should produce different effects in rpixtures. 

Experimental. 

Mixture of equal 'oolunm of Eeftme and EtKyl Nitmte *15®. 

Density, il5®/15® = 0*89599, average density at, 15®/15® of * the two 
products is 0’90231, showing an expansion on mixing" which iufluenoes 
the density by 0*00632, Composition, 1 mol. -f 1*781 mols. EtKOg. 
Mol. wt. 262*072. Density, dl6®/4:® 0*89524. 

ft 15°. d ' d^'. Gale. Diff. 

Ha 1*38442 0*42940 112*531 112*548 -0*015 

1*39187 0*43773 114*717 114*710 +0*007 

Hy. 1*39612 0*44247 115*959- 115*964 -0*005 
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Percentage diifference between observed and calculated values : 

H« 0*013 0*006 Hy 0*004 

These differences are so small that the found and calculated numbers 
may be considered identical. 

The refractive indices of the constituents of this mixture are also 
nearly identical, being for H"" at 15° 


Heptane 1*38847. 

Ethyl nitrate 1*38510 

Difference 0*00337 


The refractive power of the specimen of ethyl nitrate employed will 
be found on p, 288. 

The heptane used was from Pinus Sahiniana, and its refractive power 
was determined in 1892 (Trans., 61, 294). It was, however, re- 


examined and the following is 

a comparision of the 

old and new 

molecular refractions : 




old determination 

a 

Ha. 


Hy. 

, 56-451 

67-461 

— 

„ new „ 

56-481 

67-462 

68-018 

Difference.......... 

+0-030 

0-001 



Mixture of Pfuai Volumes (^ Methylene Iodide and Ethyl 
Oxcdcde at 15^. 

Density, d 15°/16°=s 2*184385 the average density of thelprodi^ 
unmh^ at 15°/16° is 2*21263, showing a difference due to expansioti 
of 4-0*02825. The composition of the mixture is 1 mol. OH 2 I 2 + 
0*696 mob BtH 03 . Mol. wt., 365*102. Density, d 15°/4° = 2*18254. 



fi 16 “. 

P.-1 

d ' 


Calc. 

Diff 

Ha 


0-25354 

90:034 

91-953 

1-919 


1-57322 

0-26264 

93-264 

95-575 

2-311 

Hy 

1-68628 

0-26862 

96-388 

98-086 

2-698 


Percentage difference between observed and calculated values : 


Ha 2*087 H^ ^2*418 Hy 2*671, 


dispersion for Hy - Ha : Oalc. 6*133 

/ ' * „ Pound....:.... 6*354 


Difference ... 


0*779 
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Differences of indices of refraction for at 15° : 


Methylene iodide 1 *735 00 

Ethyl oxalate 1 *41 036 


0-32464 

Methylene Iodide, — ^This substance was purified by freezing, and then 
rubbing the product upon a porous plate until free from oil ; when 
melted, it was shaken with two or three drops of caustic potash to 
decolorise it, this was then soaked up with some dry potassium 
carbonate and the clear liquid filtered, finally it was treated with a 
little phosphoric oxide and again filtered. It was a pale yell ow oil 
Density, 1571 6° = 3*3398 j 1574° ==3*33699. . 


1*73500 0*22026 59*029 

1*77266 0*23154 62*054’ 

Hy 1*79957 0*23961 64*215 


Hy was rather difficult to read. Dispersion Hy- Ha =* 5*186. 

A previous determination of a specimen prepared as above, and 
then distilled under reduced pressure, gave Ha 59*114. This was 
probably the purer product (Trans., 1892, 61, 296). 

Ethyl Oxalate, — Boiling point, 185° (corr.); density, d 15716'^— 
1 *08547 ; d 15°/4°= 1 *08456. 



16°. 

M-1 
d ' 

yU- 1 ^ 

H, 


0*37837 

55*242 

He 

1-41781 

0-38523 

56*244 

Hr 

*^1*42216 

0*38925 • 

56-830 


Dispersion, Hy - Ha = 1 *588 


■ M^xlmte of equal^volumes of Carbon Disulphide and Ethyl 
. * Nitrate at 15° 

This mixfcare consists of 1 mol. CSj and O'TSS mol. EtNG, ; the 
molecnlar weight is 142-67. Density, dVS°li° = 1-1 7388. 


Lins 't' “• CWc. Eiff. 

Ha 1-49066 0-41790 69-621 60-277 -0-656 

Hjs... ...... 1-51012 0-43466 61-998 62-816 -0-817 

Hy, 1-62272 0-44529 63-630 64-464 -0-934 

Percentage difference between observed and calculated values. 
-1-083 -1-330 Hy, -1-448 
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Beduction in dispersion for Ha — Hy : Calc 4*187 

Found 3*909 


Difference ... - 0*278 

From these results, it is seen that, as in the case of the magnetic 
rotations, the refractive power of this mixture is considerably less 
than that calculated from its constituents, and that there is also a 
considerable falling off in the dispersion. ' 

Difference between the indices of refraction for Ha at 15°. 


Carbon disulphide ............ 1*62207 

Ethyl nitrate 1*38572 

0*23635 

Average density, unmixed, 15°/15° ... 1*19390 

„ „ mixed, d 15715° 1*17487 

Difference -0*01903 


€a/tbon Disulphide , — ^This was very carefully purified and redistilled 
from phosphoric oxide before examination. Density, d 16 *8°/ 4°=* 


1*26839. 





16*8" 

iU-l 


Line. 

^ 4® * 

d * 


K 

1-61077 

0*48153 

36*596 

Li 

1*61921 

0^48818 

37-102 

H. 

- 1-62087 

0-48950 

37*202 

STa.... 

1-63031 

0*49694 

37-767 



1-65613 

0-51660 

39-254 



1-67786 

0*53442 

40*616 


Dispersion, H^ - = 

3-414. 


Ethyl Nitrode . — This substance was treated in the cold with phos- 

phoric oxide to 

remove any traces of alcohol or water, decanted from 

this, kept over 

anhydrous potassium carbonate for a 

few days, and 

finally distilled, the first part that came over being rejected. Density, 

16-274''= l-n316. 




16*2" 

fl-l 


Line. 

^ 4" * 

d 


K 

1*38242 

0-34355 

31-263 

Li.... 

1-38458 

0-34548 

31-439 

H... 

1*38509 

0-34596 

31-481 

Ha. 


0*34788 

31-657 



0-35323 

32*144 


. 1*39799 

0-35753 

32-636 


'.-'V'"' . -.^^^^peEpsion Ha— ?H*y== 

1-056. 
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Mixture of equal volumes of Benzene and Heptane at 15°. 

Density, d 15°/15°=0'78278, Composition, 1 mol. CgHQ + 0’606 
mol. Mol. wt., 138-65. Density, d 1574° = 0-78212. 



IX 15^ 

1 

. 

d ^ 

Calc. 

Diff. 



. 1-44063 

0*56338 

78-113 

78-321 

-0-208 



.. 1-45221 

0-57818 

80-165 

80-405 

-0-240 

Hv 

.. 1-46939 

0-68736 

81--438 

81-675 

-0-237 


Eeduction in dispersion for H^ — Hy : Calc 3*354 

Found _ 3-325 


Difference ...—0*029 

Percentage difference between observed and calculated values : 


H, 0*265 0*298 Hy 0*290 

Difference between the indices of refraction for at 15° : 

Benzene 1*49995 

Heptane 1*38855 

0*11140 


Average density, unmixed, d 15715°, 0 78687 
„ „ mixed, d 16°/16°, 0*78278 

Difference due to expansion 0*00409 

Mixture of equal volumes of Bromonaphthalene and Ethyl Hitrate at 15°. 

Eelative density, 15°/15°= 1*30677. Average density, unmixed, 
<?15°/15°= 1*30466, showing a difference due to contraction of 
-0*00212. Composition 1 mol. OiQH^Br + l*7 mols. EtN 03 . Mol. 
wt., 361*653. Density, dl5°/4° = 1*30567. 



1^ 16°. 

d ■ 

d ^ 

Calc. 

Diff. 

H.. 

.. 1-51739 

0-39626 

143-310 

143-948 

-0-638 


.. 1-63728 

0-41150 

148-819 

149-610 

-0^791 

Hv., 

1-56040 

0-42164 

152-453 

153-364 

-0-901 


Percentage difference between observed and calculated values : 
Ha 0*4432 H^ 0-5287 Hy 0*6875. 

Eeduction in dispersion for Ha - Hy ; Calc, ......... 9 *406 

Found 9*143 

Difference ... -0*263 
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Difference between indices of refraction for at : 


a-Bromonaplitlialene • 1*65186 

Etbyl nitrate 1*38672 

Difference 0*26614 


a^Bromonotphihcdene , — The ' a-bromonaphthalene employed was ob- 
tained from Elablbaum, and was purified only by fractional distillation. 
Boiling point, 284 — 286° (corr.). Density, c215°/15°= T49340 j <fl5°/4° 
-1-49214. 




ft -1 

^“1 


iul5°. 

d ' 


H. 

1*65186 

0*43686 

90*431 

.... 

1*68455 

0*45877 

94*965 

Hr 

1*70673 

0*47364 

98*043 


Dispersion, Hy - H^ = 7*612. 


Mixture of equal volumes of a-Bromonaphtlialene and Heptane at 15°. 

Density, d 15715°= 1*10062. Average density, unmixed, d 15715° 
— 1*09096, showing a difference, due to contraction on mixing, of 
0*00966. Composition of mixture, 1 mol. C^oHijrBr-f 0*964 mol. 
Mol. wt., 302*443. Density, 15°/4° — 1*09966. 

V d d Calc. Diff. 

1*62363 0*47608 143*988 144*336 -0*348 

1*54^^^^^^^ 149*377 149*807 -0*430 

Hy ... 1*65594 0*50556 162*903 143*415 -0*612 

" Bei^mtage difference between observed and calculated values : : 

0-287 Hy 0*333 

Beduciion in dispersion for Oale. 9*079 

Found......... 8*916 


Difference ... -0*164 

Mixture of equal- volumes of Phemtole and Benzyl Cyanide at 15°. 

Density, 15°/15° — 0*99653 ; average density, unmixed, 1*00888, 
showing expansion of 0*01235. Composition, 1 mol., CgH-i 0 O + 
1*0975 moL, CgH^K Mol. wt., 250*416. Density, d 16°/4° = 0*99569. 

’ j^~~l ‘ 

d' d Oslo. ■ ,■ Diff: 

1-61^0 0-51542 129*068 129*143 .0*075 

1*^11, ; . 0-g314& 133*086 133*162 0*076 

, 135*657 , ■ 0*067. 
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Eeducfcion in dispersion for : Oalo 6*514 

Found 6*522 


Difference. 0*008 ■ 

Percentage difference between observed and calculated values ; 

Ha -0*05 -0*06 Hy -0*05. 

Difference between indices of refraction for H* at 15° : 

Benzyl cyanide 1*52068 

Pbenetole 1*50551 

0*01517 

In tbe case of this mixture, where the refractive power of the two* 
substances differ very little, it is seen that the numbers obtained are 
only very slightly lower than those calculated, and that there is no- 
appreciable difference in-the dispersion. 

Phemtoh » — Boiling point, 170*3° (corr.). Density, d 14*7°/4°=^ 


0-96963. 


J4-1. 



11 14-7°. 

d 

.~r^- 



1-60563 

0-62147 

63-619 



1-52197 

0-63832 

65-674 

H,.. 

1*53210 

0*54877 

66-950 


Dispersion Hy- 

H«= 3*331. 


Bmzyl Cyanide,- 

-Boiling point, 233*5° (corr.). 

Density, d 16-2°/4' 

1*02025. 

fi 15 * 2 °. 

M-i. 

d 


Ha 

1*52065 

0-51028 

59-703 



. 1*53625 

0*52558 

61-493 

H, 

, 1-64694 

0-53507 

62-603 


Dispersion Hy- 

-H„= 2-900, 

% 


III, Impeovbi) S[peotrombtbb Scale Reader. 

The usual method of reading the scale and vernier of a spectrometer 
by means of a lens is far from convenient, as it requires the observer 
to change his position from that Occupied when using the observing^ 
telescope for the spectrum lines each time he has to register the result^ 
there is often a difficulty also in getting a satisfactory illumination of 
the scale, especially in a darkened room. The loss of time involved is- 
very undesirable during a determination of the refractive indices of 
fluids in a hollow prism, particularly when the coefficients of expansion 
are large and readings are made for several lines of reference on both 
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sides of the prism, because accurate results can only be obtained if 
the temperature of the substance is kept constant. 

To overcome these inconveniences an arrangement has been devised 
by which the scale and vernier are read by means of a long, narrow 
telescope, so arranged that its eye-piece is situated just below that of 
the observing telescope. The apparatus is shown in the figure and hais 
been found to be convenient and to work very satisfactorily. 

In this instrument, the support carrying the observing telescope has 



made wide enough to allpw the latter to move to the right or left over 
rather more than the entire length of the vernier by about 5® on 
each side; both telescopes work from the central column which 
; supports the circle. The reading telescope is provided at one end 
a right-angle prism, which is not fixed, but supported by two 
side, so that its position can be changed by hand 
at view of the scale and vernier is obtained ; 
Bctly over the scale, but suflBlciently far 
^ it. The illumination of the scale 
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and vernier is effected by means of a small gas jet fixed on the side of 
the observing telescope, and moving with it, the gas being supplied by 
means of a piece of rubber tubing sufficiently long to give freedom 
of movement ; this gas supply is also provided with a by-pass so that 
it can be easily reduced and only sufficient light left for the small 
mirror used to illuminate the bright pointer in the eye piece of the 
observing telescope. A piece of ground glass is also fixed above the 
observing telescope to diffuse* the light falling upon the scale and 
vernier, and thus facilitate the readings. The reading telescope can 
be drawn back out of the slot, moved to any part of the circle, and 
after being pushed back into position, used for readings in relation to 
the vernier of the table supporting the prism ; when this is done it is 
well to hold a piece of ground glass in such a position that the light 
may pass through it on to the scale. Unless it is necessary to keep 
the observing telescope fixed in position, after reading the scale it is 
more convenient and simpler to loosen the clamp and move both 
telescopes to the position of this second vernier. The instrument is 
arranged to read to 30", which appear^ to be as small an amount as is 
useful in determining refractive indices. 

A few remarks may be made in reference to other parts of the 
instrument shown in the figure. In this, the position of the copper 
cell (Trans., 1892,01, 287) is shown with its lid removed, and sup- 
ported on a little shelf (which is generally turned up out of the way 
when not in use), ready to receive the prism, also the elastic tubes 
•through which the water is circulated so as to keep the cell and prism at 
any desired temperature. The table supporting this cell and the prism 
can be rotated by hand to any desired position ; it is, however, also 
provided with a fine adjustment passing up through the central column 
of the stand, and worked by a mill head at the foot of the stand. 
The arrangement for supporting the vacuum tube has also been found 
to be very convenient, especially when alternately using both the 
vacuum tube and Bunsen flame. The vacuum tube is not only held in 
position by the bar and qlamp connected with the collimator tube, but 
the clamp itself slides on a small bar at right angles to the apparatus, 
having a spring on one side, and an adjusting screw on the other, so 
that its position in relation to the slit can be adjusted with precision; 
it can also be pressed back out of position and kept there by means 
of a milled head screw, whilst the Bunsen flame, coloured by potassium, 
lithium, sodium, or thallium salts, is used, and when liberated is 
pushed back into position without any further adjustment. Two 
cylinder lenses, crossing each other, are also used, as seen in the figure, 
and are found to be very useful, especially for upright vacuum tubes. 

In making the observations of the lines of reference, a rather wide 
slit is used, because it is less trying to the eyes, and has been found 
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quite as accurate as a fine slit, provided all the measurements are 
made to ihB fixed side or jaw of the slit, and not to the centre of it, 
of course taking care to use this for both sides of the prism. The 
thermometer employed is divided to 0*1°, but this is none too fine. If 
the temperature is kept constant, independent determinations of 
molecular refractions are found to diffei^ only very slightly in the 
second place of decimals. 


XXVIL — The Condensation of Formaldehyde mth Ethyl 
Malonate, and Synthesis of Pentamethylene-1 ; 2 : 4- 
tricarboxylic Acid. 

By J. Frank Bottomlev and W. H. Perkin, jun. 

In a previous communication on the condensation of formaldehyde 
and ethyl malonate (Haworth and Perkin, Trans., 1898, 73, 330), it 
was shown that the following substances were formed either directly 
or indirectly during this process ; 

(1) Ethyl methylemmahnate, 0H2iC(C02Et)2, and two polymerides 
called respectively ethyl yaramethylenemalonate and ethyl metamethylene- 
mcdimate. 

Ethyl (G02Et)20H^0B[!2*^S(^^2®^)2* 

(002Et)ja<ggs>c(C93Efc)2. 

The further investigation of this condensation ha;a a^dn given 
interesting results, since it has been found that, ^ under conditions 
different from those used in the first instance, the reaction takes place 
in such a way that % mols. of formaldehyde condense with 3 mols. of 
ethyl malonate and ethyl ^ntanehexacarhoxylate is formed, thus : 

(OOgEgsCH^ + CHaO + 0H2(C02Et)2 + CHaO + OH2(COoEt)2 = 

(002Et)20H- OHa- 0(C02Et)2- OHa' CH(002Et)2 + SHgO. 


This new ester, which is solid and melts at 53 — 55°, is decomposed 
by boiling with baryta water,, with formation of a syrupy polybasic 
acid which, when heated at 240°, loses carbon dioxide and yields 


result may be explained on the assumption that, under 
the hexabasic ester, or '' the hexabasic acid 
'is decomposed into propane tetracarb-' 
its., 'decomposition 
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(C02H)20H- OHg- 0(002H)2- 0H2-CH(C02H)2 - 

(002H)2CH- CHg- CH(002H)2 + CH2:C(002H)2. 

The propanetetracarboxylic acid would then, at 240°, lose 2 mols. 
of carbon dioxide, with formation of glutaric acid. 

Wien, however, ethyl pentanehexacarboxyiate is boiled with 
dilute hydrochloric acid, the hydrolysis proceeds normally, and a 
syrupy acid is obtained which, on heating at 200°, is decomposed into 
carbon dioxide and jpmtane-ao.-^y4Ticarboxylio add^ 

{C02H)20H* CHg* 0(C02H)2- OHo* CH(002H)2 = acOs + 

COgH- CHg- CHg- ck{G0^1iy 0H2- CHg- CO 2 H. 

This acid melts at 113 — 114^5°, and is doubtless identical with the 
acid melting at 106 — 107° which Emery (5en;1891, 24, 284) obtained 
by hydrolysing ethyl pentanetetracarboxy late, 

COgEt-CHg- CHg- C(C02Et)2- OHg- OHg’ OOgEt, 
with alcoholic potash. 

Being in possession of considerable quantities of ethyl pentanehexa- 
carboxyiate, we have submitted it to careful examination, and as its 
formula would indicate that it should form a disodium compound of 
the constitution 

(C02Et)201jTa- OHg- 0(C02Et)2- OHg- CNa(002Et)2, 

we, in the first place, endeavoured to obtain from it, by the action of 
sodium ethoxide and methylene iodide, the ethyl hexamethylene- 
hexacarboxylate of the formula 



which, we have reason to believe, is one of the products formed when 
formaldehyde condenses with ethyl malonate. It was thought that 
there would be no difficulty in effecting this synthesis, since it has 
already been shown (Perkin, Trans., 1891, 69, 803) that the disodium 
compound of the analogously constituted ethyl pentanetetracarboxyl- 
ate, (002Et)2CNa*CH2*0H2’GH2*01j!ra(C02Et)2, whem^digeaifid^jp^^ 
methylene iodide, yields ethyrhexamethylenetetracarboxylat0> 

(OO,E6).0<g|:^^>OH.- : ; 

Curiously enough^ we found that, when digested with sodium 
ethoxide and methylene iodide in alcoholic solution, or when dissolved 
in benzene and treated first with sodium and then with methylene 
iodide, ethyl pentanehexacarboxyiate does not appear to yield any 
ethyl hexamethylenehexacarboxylate, but is entirely split up with 
f<wmation of large quantities of ethyl pm*amthyhmm<d<m<XiUy This 



296 BOTTOMLET AND PERKIN: THE CONDENSATION OF 

remarkable result led us, to believe that ethyl 

was not capable of forming a disodium compound but on 

ins the point we find that it must yield this derivative, because, 

wLn treated in ethereal solution with sodium ethonde and bromine 

at a low temperature, it is converted into ethyl pntcmethyUmhemr 

cav5o«y?ate, thus : nH,.C(00,Et), 

Possibly the 'disodium compound is only stable at 
andwhen heated to the temperature necessary to enable it to 

methylene iodide, decomposes with formation of 2 mols. of ethyl methy 
enemalonate and the disodium compound of ethyl malonate, thus . 

(0O2Et)20Na-OH2*O(0O2Et)2-CH,-Om(CO,Et)2 = 

(C02Et)20:CH24- Na20(00jEt)2 + OH2.C(002Et)2. 

The disodium compound of ethyl malonate would then react with 
the methylene iodide to form a further quantity of ethyl para, 
methylenemalonate, and this would account for the large quantity o 
this ester which is formed when methylene iodide and sodium eth- 

oxide react with ethyl pentanehexacarboxylate. ^ 

The ethyl .pentamethylenehexacarboxylate mentioned above yield 

on hydrolysis pmtaimthylmehmMm-hoxylic acid, 


(OdjH)2C!<oH .i/COjH)^’ 


-*■2 ^(^^2^)2 

whibh melts at 210'’ with evolution of carbon dio^de and formation 

evidently of a mixtmi of the 


H COgH 

X/ 


CO,H H 


■OH, 




oo»b;-ch<' 


.OH 


■Y 


A VV 

ET OOgH 
m-acid. 


-OHo-O 

V\ 

H 

frarw-acid. 


OO2H 


The method of preparing and separating these acids is explained 
on pp. 303 — 305. 

The tram-eaiA. appears to melt at 127—130°, but this melting poin 
may be too low, owing to the small amount of material at our dis- 
posal and to the very slight tendency to assume.a definite o^stalline 
form which this acid exhibits. When the di«-modification is heated 
in a capillary tube, it melts at 146-148°, and if the temperature is 
raised above this point solidifies again, and the melting point is now 
found to be 215— 217°, a rather striking phenomenon which is due 
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to the acid being converted into (mUydro^ahs.-fenUmMhyl&n^viowhovsylio 
acid* 

with loss of water, a behaviour which is not shown by the trana- 
modification. When treated with acetic anhydride and then distilled, 
the ctVacid also yields the anhydro-acid melting at 215 — 217°, which 
on treatment with water is again converted into the <wff-acid. 

The <jM-acid also differs from the ^ya?w-acid in forming a calcium 
salt which is sparingly soluble in cold water. Owing to the interest 
attaching to the carboxylic acids of pentamethylene, we propose, at a 
later date, to prepare these ois- and ^r«7W-tricarboxylic acids in larger 
quantities and to examine them more thoroughly. 

During the course of our experiments on the condensation of 
formald^yde with ethyl malonate, we gradually accumulated consider- 
able quantities of the wax-like polymeride of ethyl methylenemalonate, 
which was described in the first communication (&c. cit,, p. 340) and 
which we called ethyl paramethylenemalonate. 

We find that this polymeride crystallises well from alcohol, and as, 
by recrystallisation, we were able to obtain it in a condition slightly 
purer than the material which was used in our first experiments, we 
thought it well to repeat some of the remarkable decompositions 
previously described, and as a result we have been able in all cases 
to confirm the previous observations. 

We find that pure ethyl paramethyUnemalonate is decomposed on slow 
distillation almost completely into ethyl methyUnemcdonaU, and that 
^ this, on standing, is rapidly converted into the horn-like polymeride 
called ethyl met(mAthyUnemalonate. The hom-like polymeride is only 
very slowly decomposed on heating, but it also is ultimately converted 
almost quantitatively into ethyl methylenemalonate. 

In -the previous communication p. 343), it was stated that 

ethyl paramethylenemalonate, on hydrolysis with alcoholic potash, 
yielded an acid which was evidently telTaimi^ylemtetrmc^^ 

(002H)5,0<gg>C(CO,HV 

since, when heated at 180°, it was converted into d&-tetrameihylem* 
1 iZ^icarhoxyUc add with loss of carbon dioxide. This synthesis of 
a tetramethylenering is, as Michael {Jipr. Chem,, 1899, 60, 438) points 
out, the only case known of the formation of a 4-carbon ring by 

* It has been assumed in the formation of the anhydro-acid, and also in the case of 
the c<s-imn*-isomerisni of the pentamethylenetricarboxylic acids, that the changes 
occur, as se^ina likely to be the case, in the succinic, and not in the glutaric, 
portion of the molecule. 

VOL. LXXVII. Y 
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polymerisation of an unsaturated substance. We have repeated these 
experiments, and can not only confirm the previcJus observation, but 
now find that the formation of the tetramethylene compound takes 
place apparently quantitatively, since we were unable to isolate any 
other product of the hydrolysis. 

Ethyl paramethylenemalonate behaves therefore, on hydrolysis, as 
if it were the ester of tetramethylenetetracarboxylic acid ; the latter, 
however, has been prepared, and is an oil which distils without decom- 
position, that is to say, it has propei'ties quite different from ethyl 
paramethylenemalonate, which is solid, and on distillation decomposes 
with formation of ethyl methylenemalonate. In endeavouring to 
obtain further experimental evidence to explain this dfficulty, we 
have found that freshly distilled ethyl methylenemalonate, if hydro- 
lysed before it has time to polymerise, also yields tetramethylene- 
tetracarboxylie acid. It is very probable that methylenemalonic acid 
is first produced during these hydrolyses, and, being incapable of exist- 
ence under the conditions employed, spontaneously polymerises with 
formation of tetramethylenetetracarboxylic acid, 

If this explanation is correct, it is certainly remarkable that ethyl 
methylenemalonate does not polymerise in the same way with formation 
of ethyl tetramethylenetetracarboxylate. It has, however, been re- 
peatedly shown that this is not the case, and that the product of the 
polymerisation of the pure ester is the horn-like substance called ethyl 
mete^methylenemalonate. ^ 

Experimental. 

-Prepa/ratim of Ethyl PentamhexacOirhoxylate) 

(C02Et)20H- 0% ClCOaEt)^- OHjj- OHCOOaEt)^. 

As explained in the introduction, this_ substance is formed when 
ethyl malonate is condensed with formaldehyde under certain con- 
ditions, and in preparing'it we have found the following method give 
good results. 

A flask containing 96 grams of ethyl malonate and 30 grams of a 
40 per cent, solution of formaldehyde is well cooled in ice, 1*5 grams 
of diethylamine then added, and after standing overnight the mixture 
is beefed on a water-hath for 7 hours, and again allowed to stand until 
the next dayv^ A of a crystalline product generally 

separates but, hut if this does not happen, the mixture is cooled in a 
fieed:ng%ixtureuntacrystalh^^ is complete, and the solid product 
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then separated from adhering oil by filtration on the pump and 
spreading on porous plates to drain. The oily filtrate, after being 
separated from the water contained in the formaldehyde solution and 
formed during the condensation, is distilled under 15 mm. pressure, 
and the following fractions collected : 

100 — 180°. This consists chiefly of ethyl malonate and ethyl 
methylenemalonate. 

180 — 210°. This consists chiefly of ethyl propanetetracarboxylate. 

210 — 260° This fraction, on standing, deposits crystals of ethyl 
pentanehexacarboxylate, which are separated from the oily impurity 
in the way explained above. 

The yield obtained with the quantities of material stated above are 
approximately as follows : 

Ethyl paramethylenemalonate 3 grams. 

Ethyl pentanetetracarboxylate 25 „ 

Ethyl propanehexacarboxylate 48 

Oils of high boiling point 19 i, 

During the course of a number of experiments which were instituted 
with the object of determining the conditions under which ethyl 
pentanetetracarboxylate is formed, it was found that the amount of 
diethylamihe used had a very appreciable effect on the yield of this 
substance. Using 96 grams of ethyl malonate and 30 grams of form- 
aldehyde solution in each case, the following results were obtained 
with varying quantities of diethylamine : 

Diethylamine used 0*5 1*0 1*5 grams. 

Ethyl pentanehexacarboxylate formed 32 43 48 „ 

Ethyl fentcmehexacarhoxylaU crystallises from 70 per cent, alcohol in 
long, silky needles, and is very soluble in alcohol, ether, benzene, or 
glacial acetic acid. It melts at 53 — 55°, and distils almost without 
decomposition at 364 — 256° under 15 mm. pressure. On analysis : 

0*1767 gave 0*3573 00^^ and 0*1141 HgO. 0-55*16 ; H«7*17. 
0*1842 „ 0*3739 002 „ 0*1182 HgO. 0-66*20; 7*13. 

OggHggOja 0 - 64*76 ; H « 7*14 per cent. 

Hydrolysis of Ethyl Pmtanehsosaoarhoxylate hy m&ma of Hydrochloric 
Acid, Formation of PcntamPnea/thoosyUc Acid, 

COgH- GHg* CHg* OH(002H)-OH2- CHg* OO 2 H. 

This hydrolysis, which proceeds normally, was conducted as 
follows. Ethyl pentanehexacarboxylate, in portions of 5 grams, was 
boiled on a sand-bath with a noixture of 10 grams of concentrated 
hydrochloric acid and 10 grams of water. After the boiling had been 

T 2 
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continued for about 15 hours, and the oil had completely disappeared, 
the liquid was evaporated on the water-bath to a thick syrup, when 
it was noticed that carbon dioxide was given off in some quantity 
towards the end of the evaporation. The syrup was heated in a 
small flask in a paraffin bath at 200° until the evolution of carbon 
dioxide had ceased, the residue was then dissolved in water and 
boiled for some time with carefully purified animal charcoal. After 
filtering, the solution was concentrated, allowed to stand over 
sulphuric acid in a vacuum desiccator until a crystalline cake had 
formed, and the solid mass, which melted at 100 — 110°, further 
purified by crystallisation from a mixture of acetone and chloroform. 
FmtanetTicarhoxylie a^id melts at 113 — 114*5° On analysis : 

0*1520 gave 0*2604 COg and 0*0802 HgO. 0 = 46-73 ; H = 5*86. 

CgHjgOg requires 0 = 47*05 ; 11 = 5*88 per cent. 

The salt, OgBCgOgAgg, was obtained, on adding silver nitrate to 
the neutral solution of the ammonium salt, as a white, amorphous pre- 
cipitate, which was analysed with the following result: 

0*1627 gave, on ignition, 0*1 Ag. Ag = 61-48. 

OgHgOgAgg requires Ag = 61*7 per cent. 

As already stated in the introduction, this acid is probably identical 
with Emery’s pentanetrioarboxylic acid melting at 106 — 107°. 

Action of Bduryta on Ethyl Fcntamhexacarboxylate* Formation 
of OlutaHc Amd, 

In ^rrying out this curious decomposition, 40 grams of reorystal- 
lised ethyl pentahehexacarboxylate were boiled with an excess of 
baryta for about 6 hours. The thick; sparingly soluble barium salt 
which had separated was collected, washed with hot water, and 
carefully decomposed with dilute sulphuric acid, any slight excess 
of the acid being removed by adding small quantities of the barium 
salt, until the filtrate gave no precipitate with barium chloride. The 
barium sulphate was then filtered off and the solution evaporated on 
the water-bath, when a thick syrup was obtained which was trans- 
ferred to a small flask and heated in an oil-bath at 240° until carbon 
dioxide ceased to be given off. The residue, which solidified on 
cooling, was dissolved in water, boiled with animal charcoal, and the 
solution, after filtration, evaporated on a water-bath to the consistency 
of a thick syrup. 

& some time in a vacuum desiccator, the syrup 

eryst^Iisid; md after spreading on a por6us plate a white residue 
vwas obtained which well from benzene, melted at 

94-— 96°, and had! all the properties of glutario acid. Analysis : 
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0-1635 gave 0-2723 OOg and 0*0946 HgO. 0 = 45-42; 6*43. 

OgHgO^ requires 0 = 45*50; H=6*07 per cent. 

A small quantity of this acid was mixed with another specimen 
of glutaric acid, and the melting point of the mixed samples was 
found to be 94 — 98®. Another portion was neutralised with ammonia 
and a solution of zinc chloride added, when, on boiling, the characteristic 
zinc salt of glutaric acid separated. 

Action of Sodium Ethoxide and Methylene Iodide on the Disodium Gom- 
pound of Ethyl Fentanehexacarhoxylate, Attempt to prepare Ethyl 
Heoixbmethyleneheocacarhoxylate, 

This experiment was carried out in two ways, namely, in alcoholic 
and in benzene solution : 

I. Ethyl pentanehexacarboxylate (20 grams) was added to a solution 
of 1*86 grams of sodium in absolute alcohol; the whole was then 
heated on a water-bath in a reflux apparatus, and 10 '6 grams of 
methylene iodide added, the flask being well shaken to promote thorough 
solution. After boiling for about 9 hours, the mixture, which was 
practically neutral, was freed as far as possible from alcohol by heat- 
ing on the water-bath, water was then added, and the oil extracted 
with ether. The ethereal solution was washed well, dried with calcium 
chloride, the ether distilled off, and the oily residue fractionated under 
15 mm. pressure. After a small quantity of unchanged methylene 
iodide had distilled over, the ternpeiature rose rapidly to 120®, and a 
fraction was collected up to 167®, the greater part of which distilled 
between 150® and 167®. A small quantity came over between 200® 
and 248®, after which decomposition set in. The fraction 120 — 167®, 
on standing, became warm and solidified to a waxy mass which had 
exactly the appearance of ethyl paramethylenemalonate, and after 
recrystallising from absolute alcohol melted at 148 — 150®. Further 
investigation showed conclusively that this substance, which was 
obtained in considerable quantity, was ethyl paramethylenemalonate. 

IL 10 grams of ethyl pentanehexacarboxylate were dissolved in 
about 600 c.c, of dry benzene, and to this solution 0-92 gram of 
sodium, which had previously been brought into a state of very fine 
^division by melting under boiling xylene and shaking vigorously, was 
added. The mixture was then heated on the water-bath until all but 
the merest trace of the sodium had dissolved and a sticky mass of a 
sodium compound had begun to separate out on the sides of the flask. 
5*3 grams of methylene iodide were then added, and the heating con- 
tinued for some hours, when a copious precipitate of sodium iodide 
was deposited. After standing overnight, the benzene was distilled 
off and the residue treated as before. In this way, 10 grams of an 
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oil were obtained nearly all of which distilled between 135® and 145 ® 
under 15 mm. pressure, and soon solidified to a hard cake of ethyl 
paramethylenemalonate. 

The formation of ethyl paramethylenemalonate in this way is very 
remarkable, and seems to show that it is not possible to prepare ethyl 
hexamethylenehoxacarboxylate by the action of methylene iodide on 
the disodium compound of ethyl pentanehexacarboxylate. 


PmiamethylenelieoGacarhasoylic Acid, 



The ester of this interesting acid is obtained when bromine acts on 
the disodium compound of ethyl pentanehexacarboxylate. 

Sodium (1*83 grams) is dissolved in as small a quantity of absolute 
alcohol as possible, and the ethoxide, while still hot, is mixed with twice 
its volume of dry ether and, after cooling with ice, gradually added to an 
ethereal solution of ethyl pentanehexacarboxylate (20 grams). Bromine 
is then allowed to drop in slowly, with constant shaking, until the 
mixture has attained a light straw colour, all rise of temperature being 
carefully avoided. After standing for half an hour, the ethereal solu- 
tion is well washed with water, dried over calcium chloride, and the 
ether distilled off, when a thick oil remains which, on distillation under 
iS mm. pressure, yielded two fractions boiling at 190-^216® and 
230—245® respectively. During the distilktion a considerable 
amount of decomposition took place. 

The fraction boiling at 190—215® was hydrolysed by boiling with an 
excess di baryta, the insoluble barium salt colleci^d on the pump, well 
washc^,mix;ed with boiling water,and decomposedexactly with sulphuric 
acid. After filtering from barium sulphate and evaporating the filtrate 
slowly on the water-bath, a thick syrup resulted which, on standing, 
partially crystallised. This crude product was left in contact with 
porous earthenware for some days until quite dry, and the hard, 
colourless mass thus obtained recrystallised from glacial acetic acid. 
The colourless crystals melted at 210—212° with decomposition, 
and evidently consisted of jpent<msthyhnekexacarhoaiylic acid. On 
analysis : 


0*1509 gave 0*2147 00^ and 0*0393 H^O. 0 * 38*81 ) H 2*89. 
0 |^iHiqOi 2 requires 0 = 39*49 ; H=s? 2*99 per cent. 

A silver salt was prepared in the usual way, but in attempting to 
determine the silver by heating in a crucible, the salt decomposed almost 
„ explosive violence, being scattered out of the crucible. It was 
Ah^refore by heating slowly to 250® in an air-bath and 

^Biting the the usual way. The results obtained were 
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about 5 per cent, too low, showing that the silver salt was a mixture 
of the neutral salt with considerable quantities of acid salts. Similar 
difficulties have been observed in other cases in attempting to prepare 
pure neutral silver salts of polybasic acids. 


Prepa/ration of Trimethyl PentamethyUnetricarhoxylate, 
^CHj-CH(002Me) 


The yield of pure pentamethylenehexacarboxylic acid obtained by 
the method described in the last section was too small to allow of the 
tricarboxylic acids obtained from it by the elimination of carbon dioxide 
being examined in detail. We, however, ultimately found that the 
trimethyl ester of these acids could be prepared direct from the pro- 
duct of the action of bromine on the sodium compound of ethyl 
pentanehexacarboxylate in the following way. 

Ethyl pentanehexacarboxylate (100 grams) was treated as before 
with sodium ethoxide and bromine, and the crude product hydrolysed 
by boiling it with an excess of caustic potash dissolved in methyl 
alcohol. After the hydrolysis was coihplete, the bulk of the ' methyl 
alcohol was distilled off, water was then added, and the solution 
evaporated to remove the last traces of the alcohol. The concentrated 
solution was then acidified with excess of hydrochloric acid, evaporated 
to dryness, the residue mixed with sand and extracted for three days 
with pure ether in a Soxhlet apparatus. After distilling off the ether, 
the residual syrupy acid was heated in a paraffin-bath at 200° until 
carbon dioxide ceased to be given off, the sticky, dark-coloured mass 
mixed with 150 grams of methyl alcohol, then with 50 grams of 
concentrated sulphuric acid, and the whole heated for 7 hours on the 
water-bath. After standing overnight, the product was diluted with 
water and extracted several times with ether ; the ethereal solution 
was then washed with water and dilute sodium carbonate, dried over 
anhydrous sodium sulphate, and the ether distilled off. The residual 
oil was fractionated under 15 mm. pressure, when two principal frac- 
tions were obtained boiling at 100 — 130° and 167—170°, which, after 
repeated refractionation, Boiled ultimately at 207 — 212°undeir760 mm., 
and at 164 — 166° under 12 mm. pressure respectively. The latter 
consisted of trimethyl pentamethylenetricarboxylate, as the following 
analysis shows : 

0*2018 gave 0*3977 00^ and 0*1208 H^O. 0«53’75 ; H«6*65, 
requires 0 = 54*1 ; H = 6*57 per cent. 

The oil boiling at 207 — 212° was also analysed, but the result gave 
no clue as to its constitution. On hydrolysis, it yielded a mixture of 
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acids which, by crystallisation, was roughly separated into two parts 
melting at 85 — 95° and 105 — 115° respectively. It seems likely that 
this mixture consisted of glutaric acid and tetramethylenedicarboxylic 
acid, but the quantity was too small for farther examination. 


OOjH 
OH, 


H 


Addy OO2H*OH<C0jg^, 


2 


CO^H 


In preparing this acid, the trimethyl ester described in the last 
section was hydrolysed by boiling with excess of methyl alcoholic 
potash, water was then added, the methyl alcohol removed by evapora- 
tion on the water-bath, and the residue acidified with hydrochloric 
acid. After saturating with ammonium sulphate, the solution was 
extracted with pure ether, an operation which had to be repeated 
forty times before the whole of the acid was removed. The ethereal 
solution was then dried over anhydrous sodium sulphate, the ether 
distilled off, and the residue allowed to stand in a desiccator over 
sulphuric acid until it had completely solidified. In this way, 
14 grams of a solid acid melting at 115 — 125°, and which was 
probably a mixture of the cw- and ^mn#-modification of pentamethyl- 
enetricar boxy lie acid, was obtained from 17 grams of the trimethyl 
ester. Unfortunately, this mixture is very difficult to crystallise, but 
ultimately repeated recrystallisation from concentrated hydrochloric 
acid yielded an acid which melted at 127 — 130° and was analysed 
with the following results : 

0-1458 gave 0*2549 COg and 0*0669 Hp. 0 =: 47*66 j H « 6*L 
requires 0 = 47*5 j H = 4*95 per cent. ^ 


This acid differs from ctVpentamethylenetricarboxylic acid described 
on p. 305, as it is not converted into an anhydro-acid melting at 217° 
when heated at 150 — 160°, and moreover forms a calcium salt which 
is soluble in cold water and precipitated on boiling the solution. 
We assume therefore that it is tv^ii&-pentamdkylmetHca/rhoxylic <x>cid* 
When larger quantities have been prepared, it is possible that the 
melting point will be found to be higher than that given above. 


I- 


Afihydro-(i\&’-pent<M)fidhyleneiff"icQt/r'hoxylic A tidy 


w^l «^aract(^fised substance was prepared in the following 
way^ Crude pentamethjlenetricarboxylic abid melting at 115— 125° 
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was dissolved in four times its weight of acetic anhydride and boiled 
in a reflux apparatus for 2 hours. The whole was then transferred 
to a fractionating flask, and after the acetic anhydride had been 
distilled off at the ordinary pressure, the residue was distilled as 
rapidly as possible under 15 mm. pressure. A great deal of decompo- 
sition took place, but a considerable quantity of an oily distillate was 
nevertheless obtained, which, on cooling, solidified to distinct crystals 
mixed with some dark coloured impurity. The product was dissolved 
in a mixture of acetone and chloroform, the solution boiled with 
purified animal charcoal, and allowed to stand for some time, when 
crystals separated which, after twice recrystallising, were almost 
colourless. On analysis : 

0*1360 gave 0*2692 CO^ and 0*0586 HjjO. 0 = 61*98 ; H = 4:*78. 

CgHgOg requires 0 = 62*17 ; H = 4*34 per cent. 

Anhyd/rchA^-pmtamethyUw acid melts at 215 — 2 17°, and 

although it dissolves only sparingly in cold water, is sufficiently soluble 
to form a distinctly acid solution ; it dissolves readily in boiling water 
and in cold dilute sodium carbonate solution. 


OH *0 

Qh-Pmla’methyUnetHcarhoxylic aoid, 002H* 1 

Uilo* O 


H OOnH 
\/ 


/\ 

H ■ 


OOgH 


This acid is formed by the action of water on anhydro-c&-penta- 
methylenetricarboxylic acid. 0*6 gram of the pure, finely powdered 
anhydro-acid was boiled for about an hour with water, and the solution 
evaporated on the water-bath until the acid began to crystallise out. 
After standing overnight in a vacuum desiccator, the crystals were 
spread on a porous plate, dried over sulphuric acid, and analysed, with 
the following result ; 

0*1619 gave 0*2643 00^ and 0*0700 0 = 47*45 ; H = 6*12. 

OgHj^Og requires 0 = 47*52 ; H = 4‘96 per cent. 

ciVPentamethylenetricarboxylic acid melts at 146—148° ; at 
150 — 160° it splits off water and solidifies, melting again at 
215 — 217°, the melting point of the anhydro-acid. The calcium 
salt of this acid differs from that of the ^mws-derivative in being 
insoluble in cold water. 
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Preparation of JEthyl PajramethyUnemctilonaU.^ 

The method employed for the preparation of this polymeride of ethyl 
methylenemalonate was practically the same as that described on p. 298 
for the production of ethyl pentanehexacarboxylate, with the exception 
that the proportion of ethyl malonate and formaldehyde employed 
was different. As the result of several experiments, it was found 
that the best results were obtained by using 96 grams of ethyl 
malonate, 45 grams of 40 per cent, formaldehyde solution, and 1*5 
grams of diethylamine. * 

After the condensation was complete, the product was distilled under 
35 mm. pressure, and the following fractions collected : 

1. 120-~190^. IL 190—230° III. 230—270° 

The fraction 120 — 190° became warm on standing and slowly solidi- 
fied to a waxy solid. This was spread on porous plates to remove 
adherent oil and crystallised from absolute alcohol, when pure ethyl 
paramethylenemalonate separated in the form of a colourless crystal- 
line powder melting at 154— 156°. The best yield obtained in this 
way was 22 grams of the crude dry product before crystallisation, 
but for some reason the yield varies very much in different operations, 
although the greatest care may be taken to reproduce in each case the 
same conditions. 

Hydroly^s of EiJiyl Pararfi^hyUrimhalonate with Alcoholic Potash, 
Formation of cm-Tetrarmthylmedicci/r^ Aoidi 

OOjH-CH<02*>OH-COsH. ' 

This hydrolysis, which has already been described (Trans., 1898, 73, 
343), was repeated for reasons stated in the introduction to this paper. 
Carefully recrystallised ethyl paramethylenemalonate (20 grams) was 
boiled with a solution of 25 grams of caustic potash in methyl alcohol 
for about an hour. The methyl alcohol was distilled off as far as 
possible, water was then added, the solution boiled to remove the last 
traces of methyl alcohol, acidified with excess of hydrochloric acid, 
evaporated to dryness, and the solid residue, after mixing with sand, 
extracted in a Soxhlet apparatus with pure ether. The acid which 
remained, after distilling off the ether, was heated in a small flask at 
until carbon dioxide ceased to be given off.r Thoresidue> which 

* By tofortum mistake, the amount of diethylamine used was omitted iu 
t desen|ftloh of the condensation of formaldehyde with ethyl malonate 

; 1808,: ^ ^ ^ amo that time was about 3 grams for the 

: ^ of fbrsEtald^ydh ethyl malonate stated. 
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solidiOed on cooling, was dissolved in water, boiled with animal char- 
coal, filtered, and the filtrate concentrated and saturated with hydrogen 
chloride ; nothing, however, separated until .the solution was placed 
over solid potash in a vacuum desiccator, and then crystals gradually 
formed which melted at 1317—132°, and consisted of tetramethyUne- 
1 : Z’dicarhoxylic acid. On analysis : 

0*1459 gave 0*2678 OOg and 0*0748 H 2 O. 0 = 50*05 ; H = 5*69. 
C^HgO^ requires 0 = 50*0 ; 11 = 5*55 per cent. 

The amount of the acid obtained in this way was not actually deter- 
mined, but it was considerable, and on carefully examining the mother 
liquors, we were unable to detect the presence of any other substance. 
This experiment confirms, therefore, the results obtained under 
different conditions on the foi'mer occasion. 


DiaUllation of Ethyl Pa/romUTiyUnemalonaU. Formation of Ethyl 
Methylenemalonate and of Ethyl MetamethyUmmcdonate. 

The distillation of ethyl paramethylenemalonate has already been 
described (Trans., 1898, 73, 341), but as the small amount of material 
employed had not been recrystallised, and as the distillation was 
conducted under the ordinary pressure, it was thought necessary to 
repeat the experiments with pure material on a larger scale and under 
different conditions. ' Pure recrystallised ethyl paramethylenemalonate 
(15 grams) was slowly distilled under 35 mm. pressure from an 
ordinary fractionating flask, when practically the whole passed over 
below 220°, two fractions, boiling respectively at 140 — 190° and 
190 — 210°, being collected. It was noticed, especially during the 
early stages of the distillation, that a gas appeared to be given off, 
and that white fumes were formed which did not condense. 

The fraction 140 — 190°, which had an irritating odour resembling 
that of formaldehyde, was immediately redistilled under the ordinary 
pressure, when nearly the whole of it passed over between 206° 
and 210°, and this, on standing, soon became quite warm and 
polymerised to the horny modification called elhyl metcmethyUm'' 
malonaU. 

The fraction boiling at 190—210° under 36 mm. pressure was then 
examined, and on refractionation was found to distil almost completely 
between 110° and 120° under 30 mm. pressure, a result which seems 
to indicate that the liquid boiling at 190 — 210° under 35 mm. pressure 
still contained some ethyl paramethylenemalonate which had escaped 
decomposition during the first distillation. The boiling point, 
110 — 120° under 30 Jmm, pressure, is approximately that of ethyl 
methylenemalonate, and since the fraction readily decolorised bromine, 
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there can be no doubt that it contained considerable quantities of this 
ester. It remained, however, as a perfectly mobile liquid for nearly a 
fortnight, which is remarkable, since ethyl methylenemalonate generally 
polymerises within a few minutes, and it would therefore appear that 
slight impurities are capable of arresting this polymerisation. On the 
addition of a small crystal of ethyl paramethylenemalonate to the 
oil, polymerisation commenced at once, hut, curiously enough, the 
polymeride formed was the rmtor and not the para-modification. 

The remainder of the liquid was redistilled under atmospheric pres- 
sure, when nearly the whole passed over between 202^ and 210^^, but to- 
wards the end of the distillation the liquid in the fractionating flask 
became very thick, and seemed to polymerise. The distillate, on 
standing, polymerised to ethyl metamethylenemalonate, but before this 
took place a small quantity was analysed : 

0*1748 gave 0*3634 CO^ and 0*1077 HgO. 0 = 55*14 ; H = 6*85. 

CH2:C(C02Et)2 requires O = 55*81 ; H = 6*98 per cent. 

This result confirms the statement made in the previous communi- 
cation (Zpc. cit.i P* 34:1), that ethyl paramethylenemalonate, on distil- 
lation, is resolved into the methylenemalonate, OJBTgt 0(C02Et)2. , 


DistUlation of Ethyl MotaimthyUmmalonate, and Hydrolysis of Ethyl 
Methylenemalonate, 

Afler the results obtained in the distillation of ethyl paramethylene- 
malonate, it seemed interesting to investigate the mcto-polymeride in 
the same direction. 

Ethyl metamethylenemalonate, which was so tough and hard that it 
bad to be broken up with a knife and hammer, was very slowly distilled 
in a small fractionating flask under 32 mm. pressure, using a small air- 
bath to heat the flask. During the distillation, some white fumes were 
given off which did not condense. The whole distilled over between 
110° and 120° leaving no residue, and on refractionating the distillate 
under the ordinary pressure, almost all boiled between 204° and 210°, 
but towards the end of the operation the small residue in the flask 
became very thick, and polymerisation seemed to be taking place. 
The oil boiling at 204 — 210° was found to consist of ethyl methylene- 
^malonate, showing that the meta-, like the para-polymeride, is, ondistilla- 
resolved into simple molecules of the composition 0H2*0(C02Et)2. 
T the ethyl methylenemalonate obtained in this way ^as at 
ii^ had had time to polymerise, mixed with excess of 
on the water-bath until hydrolysis was 
[ pS the alcohol, the residue was dissolved 
r^ with ether ; the ether 
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was distilled ofE and the residual syrup rapidly distilled at the ordinary 
pressure. Almost the whole passed over between 250° and 270° and 
partially solidified, and after crystallisation from hydrochloric acid, 
colourless crystals were obtained which melted at 132 — 134°. On 
analysis : 

0-1023 gave 0-1901 COg and 0-0530 H^O. 0-50*67 ; H-5-75. 

OgHgO^ requires 0 = 50*05 ; H — 5-55 per cent. 

Examination of this acid showed that it was m-tetramethylene- 
dicarboxylic acid, and its formation seems to indicate that methylene- 
malonic acid is not capable of existence under the conditions mentioned 
above, but at once undergoes polymerisation. 

Owens College, 

Manohesteb. 


XXVIII .^ — Action of Fuming Nittno Acid on a-Dihromo- 

camfhor. 

By Arthur Lapworth and Edgar M. Chapman, Salter’s Fellow in 
" the Research Laboratory of the Pharmaceutical Society of Great 
Britain. 

The products obtained by acting on a-dibromocamphor with nitric acid 
have already been investigated by several chemists. The reaction 
was first studied by Kachler and Spitzer {Monatah,.^ 1883, 4, 554) 
who heated dibromocamphor with fuming nitric acid and obtained 
what they believed to be camphoronic and isocamphoronic acids, 
together with a neutral substance, which, as it gave on analysis 
numbers in agreement with those required for the formula 
C24fls80igl!7^Br, was probably therefore a mixture. More recently, 
Forster (Trans., 1896, 69, 36), using still stronger acid, obtained a 
lactone, which he termed dibromocampholide, but dpe$ 

not state that he made any examination of the products which were 
soluble in water. . 

In a paper by the present authors (Trans., 1899, 76, 86), the 
results of the investigation of the action of dilute nitric acid in 
presence of silver nitrate ^on a-dibromocamphor were described, and it 
was shown that the products were homocamphoronic acid, 
an open chain acid whose true nature had not before been recognised, 
and a neutral substance, "^hich was thought to be in all 

probability the chief constituent of the neutral product obtained by 
Kachler and Spitzer. Oamphoronic and isocamphoronic acids could 
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not be detected, and it appeared not unlikely that Kachler and 
Spitzer had been mistaken in supposing that these substances were 
formed, more especially as, in the description of their experiments, 
there is little which would serve to show that they were actually 
dealing with these acids and not with homocamphpronic acid in an 
impure condition. 

This point appeared to us to be worthy of closer investigation, and 
the products obtained by treating a-dibromooamphor with fuming 
nitric acid were therefore studied, more especially with the pbjeot of 
ascertaining whether homocamphoronic acid w;as formed in the reaction, 
and whether any appreciable quantity of camphoronic or isocam- 
phoronic acid could be detected, as the formation of the latter in any 
quantity would be difficult to understand. It seems fairly certain 
that its presence in the oxidation product could only be due to the 
production of large quantities of camphor in the initial stage of the 
reaction ; this possibility, however, appears to be entirely excluded, 
as Kachler and Spitzer did not observe the production of camphoric 
acid, which would, in this event, have been formed in much greater 
amount than isocam phoronic acid. 

It may be briefly stated that the results which we have obtained 
confirm our belief that isocamphoronic acid is not formed in appre- 
ciable amount, as the copper precipitate from which Kachler and 
Spitzer obtained their acid yielded nothing but somewhat impure 
homocamphoronic acid. 

Camphoronic acid, contrary to our expectation, appeared to be 
produced in small quantity, but was mixe(f with homocamphoronic 
acid, and much difficulty was experienced in effecting a complete 
separation of the two substances, owing to the small amount of the 
former which is present. The production of camphoronic acid is not 
difficult to understand, as it might be produced by the oxidation of 
the homocamphoronic acid present, although we have not actually 
succeeded in effecting the direct conversion of the one into the other 
by means of fuming nitric acid. 

Amongst the neutral products, which were practically insoluble in 
water, were dibromocampholide, the nitro-compound, 

oieiitioned above, and also a small quantity of oa'-bromo- 
mtrocamphor,C;^QHj40Br*!N02v doubtless produced by the nitration of 
a small quantity of bromocampbor which is always formed in the 


trsfe stage of the reaction. It now appears highly probable that the 
which Kachler and Spitzer assigned the complicated 
W was a mixture of the two 


an entirely new substance was 
-^bich w^as soluble 
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in TOter. This was isolated by extracting the oily liquid con- 
taining the camphoronic and homocamphoronic acids with chloroform, 
in which these acids are insoluble. The substance thus obtained was 
evidently a lactone, and was not at all readily dissolved by pure 
water. It was easily hydrolysed by alkalis, and the acid which 
resulted was found to crystallise readily and had the composition 
^10^10^4- rts exact nature was not ascertained, but as it was 
produced by the hydrolysis of a lactone, it was probably a hydroxy- 
acid; the function of the fourth oxygen atom is unknown, as the 
substance was not ketonic. All attempts to regenerate the lactone 
or to prepare an acetyl or benzoyl derivative were unsuccessful, as on 
each occasion where any action occurred the substance underwent a 
profound alteration, losing two molecular proportions of water, 
and was converted into an acid, G^QH^gOg, which proved to be 
prehnitylic acid, or 2 : 3 : i-trimethylbenzoic acid. 

It seems not unlikely that the acid contains the grouping 

present in bromooamphorenie acid, and the change to the benzenoid 
compound would then involve loss of water and migration of two 
methyl groups into new positions. The relationship is seen very 
clearly if the groupings of the carbon atoms in the two sets of com- 
pounds are directly composed, ^ 


C>^0 


, .Me 

I I 

I j<S.H 
Y 


GMe 

Med^Me 

0 (^-COoH 

\/ 


A substance having the formula GjoHjg04, and probably containing the 
former grouping, has already been obtained from dibromocampholide 
(Forster, Trans., 1896, 69, 45), but the two compounds are not 
identical, as Forster^s substance is characterised by its excessive solu- 
bility in water, whilst that obtained by us is only sparingly soluble in 
that medium; moreover, the former does not appear to undergo the 
interesting change to 2 : 3 : 4-trimethyl benzoic acid, , 

Oxidation of a-DibrovUommphor^ 

The oxidation was carried out with the help of the strongest fuming 
nitric acid which could be obtained, The action then commences 
spontaneously, and if too violent may be moderated by cooling ; large 
Quantities of material may thus be worked up at once without in- 
convenience. When the evolution of nitrous fumes became slow, the 
combined liquids from a number of experiments were poured into a 
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large quantity of water, the aqueous portion being afterwards separated 
from the undissolved oil by decantation. 

The portion which did not dissolve in water was collected and 
tnturated with alpohol, when it set to a paste of fine needles consisting 
of dibromoea^holide ; the oily mother liquor from this was not 
investigated, ait 'vre iis^ere more particularly interested in the acid 
portion of the product. 

The aqueous pcl|ipn was transferred to a retort and concentrated 
until the residue sJS|^e^ta-syrupy consistency. It was then freed 
from nitric acid by r^^ted dilution with water and evaporation to 
dryness on the water-bath. 

After this treatment, j^t was fotind that on adding a Ifirge quantity 
of water to the residue a considerable quantity of a thick, yellow oil was 
deposited ; this was eoUect&id, dissolved in alcohol, and the solution 
allowed to evaporate spontah^eously. Some quantity of crystalline 
matter gradually separated an^ was easily resolved by mechanical 
means into two substances. Ow of these formed thick, brilliant 
prisms, melted at 105°, and was^ound to be ordinary bromonitro- 
camphor; the other crystallised iai needles, melted at 162°, amd 
was evidently dibromocampholide. oily mother liquor was freed 

from alcohol by evaporation, and oxidi^^ further with fuming nitric 
acid ; it then furnished a considerable ^antity of a white, semi-solid 
material, which, after crystallisation from apothyl alcohol, was obtained 
in the form of beautiful, six-sided plates, w&ich melted at 93 — 94° and 
had all the properties of the compound, described in a 

previous paper (Trans., 1899, 75, 992). \ 

The clear aqueous liquid from which the yellowi oil had been separated 
was again evaporated nearly to dryness, but tljo residue refused to 
solidify even after several months, A few sm^i flattened crystals, 
however, made their appearance, but the quanti^ of these was too 
small to admit of close examination. Although dilul^ion did not cause 
a further deposition of neutral substances, it was thought that the 
liquid contained a considerable quantity of anhydrohoSttocamphoronic 
acid, which would serve to prevent crystallisation ; whole was 
therefore extracted repeatedly with chloroform, in which wbo polybasio 
acids are insoluble. From this chloroform extract, a ne^substanoe 
was obtained, the properties of which are described later in flhis paper 
(p.3U). - Y 

The liquid, thus freed from much attendant impurity, still Jtef used 
to depodt crystals, and was therefore subjected to the treatfea^Rt 
and Spitzer employed {he. cit.). The method^fts, 
more or if® that described by us in a former paper (Tran% 

1899, *i®, 993 ), hut at the product in the present case was found toV 
be a mote utized nature^ lar more fsare was necessarily exercised. ^ 
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The acid in solution, as in the former case, was precipitated by excess 
of boiling baryta water, and the filtrate, after neutralisation with 
sulphuric acid in presence of phenolphthalein as indicator, by excess 
of copper acetate. The precipitates thus obtained were worked up 
separately. 


Examination of the Barivm Fo^ecipiiaU. 

The barium precipitate, from which Kachler and Spitzer state that 
camphoronic acid may be isolated, was decomposed by suspending it 
in boiling water and adding sulphuric acid drop by drop until no 
further precipitate was produced. In order to accumulate the 
camphoronic acid, the barium salt of which is more readily pre- 
cipitated than is that of its homologue, the liberated acids were 
subjected to repeated precipitation with boiling baryta water, the 
barium salt obtained being then decomposed by means of sulphuric 
acid, and the acid carefully examined. In effecting the further 
separation of the two acids, advantage was taken of the fact that 
dry homocamphoronic acid is less soluble than camphoronic acid in 
cold ethyl acetate; the whole of the semi-crystalline material was 
therefore dried in a desiccator and triturated several times with cold 
ethyl acetate, the residue consisting of nearly pure homocamphoronic 
acid. The ethyl acetate solution was evaporated, when a flocculent 
mass of fine needles was obtained which melted indefinitely at 
150—160% and after solidification remelted indefinitely at 116 — 120% 
that is to say, at a temperature much higher than that at which the 
anhydride of homocamphoronic acid fuses, A small quantity was 
dried in a vacuum and analysed ; 

0*2825 gave 0-5193 COg and 0*1653 HgO. 0-60*1 ; H = 6*5. 

requires 0 — 49*5 ; H - 6*5 per cent. 

OioH^eOe >> 0«61*7; H-6*8. „ 

These numbers are intermediate between those for camphoronic 
acid and homocamphoronic acid, and the whole behaviour of the 
material suggested that it was a mixture. It was therefore re- 
crystallised once more from hot water, the most sparingly soluble 
portion being separated, dried in a vacuum, and analysed. 

0*2561 gave 0*4693 COgand 0*1441 HgO. 0- 49*9 ; 6*3 per cent. 

The acid therefore had approximately the composition of cam- 
phoronic acid, and it is practically certain that it consisted of that 
substance. It melted somewhat indefinitely, but after being heated at 
180^ for half an hour and then cooled, remelted at 130% a temperature 
not far removed from the melting point of anhydrocamphoronic acid : 

VOL. LXXVII. " Z 
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the anilic acid melted at 141 — 143°, wiiilst pure camphoronanilic acid 
melts at 145°. 

The whole of the crystalline material from which camphoronic acid 
had been separated was heated at its decomposing point for 5 
minutes ; the residue was then distilled and examined for camphononic 
acid, which was shown to be present by the isolation of its well-defined 
bromophenylhydrazone, melting at 194° (compare Trans., 1899, 75, 
1002). The crystalline acid from the barium precipitate consisted, 
therefore, for the most part of homocamphoronic acid and contained 
only a small quantity of camphoronic acid. 

Uxamination of the Copper Precipitate. 

\ The acids liberated from the insoluble copper salt were subjected to 
precipitation with excess of baryta water in order to remove as much 
homocamphoronic acid as possible ; the acids in the mother liquor 
were set free by means of sulphuric acid, the liquid evaporated, and 
the residue then heated at 180° for half an hour in order to convert 
homocamphoronic acid into its anhydro-derivativa. The product was 
then mixed with water and left for several days in order that any 
unstable anhydroisocamphoronic acid present might be decomposed ; 
on filtering and evaporating the aqueous portion to dryness, the very 
small quantity of residue became nearly solid, but consisted of nearly 
pure homocamphoronic acid j it gave the following result on analysis : 

0*1877 gave 0*3574 GOg and 0*1116 

requires 0 = 61 *7 ; H « 6 *9 per cent. 

The anhydro-acid, undissolved by water, was recrystallised and 
found to consist of pure anhydro-homocamphoric acid, as it was 
homogeneous, melted at 186—187°, and on slow distillation yielded 
eamphononie acid. 

It has been mentioned that the liquid obtained by evaporating the 
aqueous solution of the mixed oxidation products contained a substance 
which did not separate on dilution, but which was easily extracted 
with chloroform. The substance was thus obtained as an oil which 
did not show any tendency to crystallise even after several weeks. It 
was found to be scarcely soluble either in pure water or in water 
containing sodium carbonate, and was therefore not an acid. When 
heated, however, it charred and yielded a crystalline sublimate which 
dissolved readily in warm sodium carbonate solution with efferves- 
cence. As its behaviour led us to believe that it was a lactone, it was 
shaken with strong aqueous potassium hydroxide containing a little 
alcohol, when it slowly and almost completely dissolved, yielding a 
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brown solution ; this was filtered, extracted with chloroform to re- 
move neutral substances, acidified with hydrochloric acid, and 
extracted with ether. The ethereal solution suddenly deposited crys- 
tals, and on sowing the remaining aqueous solution with these, a 
quantity of brilliant, prismatic crystals were deposited, which were 
collected, washed with a little ether, and crystallised first from 
acetone and finally from ethyl acetate. 

A specimen was dried at 100° until constant in weight and 
analysed, 

0*2163 gave 0^4736 CO 2 and 0'1665 0 = 59*7; H=.80. 

requires C = 60*0 ; H = 8*0 per cent. 

The basicity of the acid was determined by titration against standard 
soda; the equivalent found was 201, that required for a monobasic 
acid, OiQHig 04 , being 200. 

T^ e substance is very sparingly soluble in cold water, but dissolves 
readily in dilute sodium carbonate solution, and is reprecipitated on 
addition of acids. It is sparingly soluble in ether, ethyl acetate, or 
cold acetone, but dissolves somewhat readily in hot acetone, and the 
solution, on cooling, deposits the substance in brilliant, transparent 
crystals of considerable size, which belong, apparently, to the ortho- 
rhombic system ; these crystals appear to contain solvent of crystallisa- 
tion, as when heated at 100° they become opaque and gradually lose 
in weight. It is very sparingly soluble in benzene or chloroform and 
practically insoluble in light petroleum. It melts quite sharply at 
177°, and after solidification melts again at this temperature. 

When melted between slips of glass, it solidifies in a very character- 
istic manner from a large number of centres, and, owing to large 
contraction on cooling, interstices filled with air separate the various 
nuclei, which are thus usually isolated from one another* Examined 
in polarised light, the nuclei are seen to be surrounded by radiate 
aggregates of minute needles, and each of these shows a marked dark 
cross. Owing to the small size of the needles, the crystallographic 
nature of the indivi dual crystals could not be ascertained. 

The acid is saturated, as its solution in chloroform does not 
decolorise one of bromine in the same liquid ; moreover, a solution of 
the acid in sodium carbonate does nob afEect a dilute solution of 
potassium permanganate, even on warming. It is not attacked by 
bromine, even when the substances are heated together in an open 
vessel. It is very stable towards the ordinary oxidising agents, is 
not appreciably affected by hot dilute chromic acid mixture, and may 
be boiled with moderately strong nitric acid for some time without 
undergoing noticeable oxidation. 

As it is obtained from a neutral substance by means of potash, it 

9: 9. 
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probably contains a hydroxyl group, but it was not found possible to 
obtain an acetyl derivative or to transform it into a lactone. All 
attempts to produce these effects either did not alter the substance or 
resulted in the curious change described later. The acid is not 
ketonic, as it does not yield an oxime or a phenylhydrazone. 

Aotim qf Dehyd/rating Agents on the Acid Formation of 

Trimethylhenzoic Acid. 

When the foregoing acid, heated at 180° with water^ is distilled, 
or is warmed with moderately strong sulphuric acid, it loses water, 
yielding ah acid identical with that obtained by distilling the crude 
lactone. The change may also be brought about by boiling with 
acetyl chloride, but is best effected by warming the substance with 
hydrobromic acid \ in the last-mentioned case, the substance quickly 
dissolves, forming a clear solution for a few seconds, but almost 
immediately afterwards a separation of fine needles commences and 
continues until the whole is transformed into a paste of these crystals. 
The substance obtained in this manner was purified by crystallisation 
from ethyl acetate, dried at 100°, and analysed : 

0*2465 gave 0-6649 OOg and 0*1619 HgO. 0-72*8 ; H- 7*3. 

CigHigOg requires 0 — 73 *2 3 H — 7*3 per cent, 

This acid is sparingly soluble in boiling water, but dissolves readily 
in dilute aqueous sodium carbonate, producing effervescence, and is 
reprecipitated unchanged by acids. It dissolves fairly freely in glacial 
acetic acid, alcohol, or acetone, and is soluble to some extent in chloro- 
form or benzene, but appears to be insoluble in light petroleum# It 
etystallis^ from ethyl acetate in large, transparent needles, the 
ternnbhations of which are always jagged and devoid of crystal faces* 

The substance melts sharply, at 167 — 168°, and when heated strongly 
sublimes with very little decomposition. It is slightly volatile in 
steam, to which it imparts a characteristic odour. 

When melted between slips of glass, it solidifies in semi-transparent 
patches showing aggregate polarisation. In convergent polarised 
light, the acute bisectrix of a biaxial interference figure is observed 
here and there, emerging normally to the field. The double refraction 
is strong and negative, and the dispersion is weak. 

When excess of bromine is added to the dry substance, action 
readily takes place on warming, hydrogen bromide being evolved ; the 
product crystallises readily from acetic acid in beautiful, satiny 
needl^ melting at 213r— 215°r . 

In order to determine, if |k)ssible, the constitution of the acid, the 
calcium salt was intimately mixed with soda-limo and heated in a 
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hard glass tube. A mixture of water and an insoluble oil was thus 
obtained, and the latter was separated, dried over sodium, and distilled ; 
it boiled practically con stantly at 174—176°. On analysis : 

0*2035 gave 0*6676 00^ and 0*1831 Hfi. 0 = 89*5; H = 9*9. 

CqHi2 C = 90*0 ; H = 10*0 per cent. 

The hydrocarbon was violently attacked by cold dry bromine, and 
after removing the excess of the latter by evaporation, a solid product 
was obtained which crystallised from alcohol in beautiful, glistening 
needles melting at 242 — 243° The bromo-derivative gave the follow- 
ing result on analysis : 

0*1575 gave 0*2510 AgBr. Br= 67*9. 

Calculated for OgH^Brg, Br = 67*3 per cent. 

The properties of the hydrocarbon and its bromo-derivative indi- 
cated that it was hemimellithene or 1: 2 : 3-trimethylbenzene. 
Jacobson 1886, 19, 2517) gives the boiling point of hemi- 
mellithene as 174 — 175*5° and the melting point of the tribromo- 
derivative as 245°, In order to make the identification complete, the 
hydrocarbon was warmed with sulphuric acid, in which it dissolved 
readily, and after getting rid of the sulphuric acid by means of barium 
carbonate in the usual way, the barium salt of the sulphonic acid was 
converted into the sodium salt, and this, by treatment with phosphorus 
pentachloride and ammonia, was transformed into the sulphonamide. 
The latter is very characteristic, and crystallises in small, compact 
forms which aggregate together, producing long columns resembling 
prisms; it melted sharply at 194°, Jacobson {loc, dt) gives the 
melting point of hemimellithenesulphonamide as 196°. 

The constitution of the hydrocarbon having thus been ascertained, 
no difficulty was found in identifying the acid from which it was 
obtained as prehnitylic acid or 2:3: 4-trim6thylb6nzoic acid, as it 
agrees closely in melting point and general properties with the acid 
obtained by Jacobson from 1:2:3 : 4-tetramethylbenzene {Ber.^ 1886, 
19, 1214). 

Our thanks are due to the Besearch Fund Committee of the 
Chemical Society for a grant defraying the cost of the material used 
in this work. 

Chbmioal Department, School of Pharmaov, 

17, Bloomsbury Square, I^onuon, W.O, 
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‘Xyiy . — The Absorption Spectra of Ammonia, Methyl* 
amine, Hydroxylamine, Aldoxirm, and Acetoxime. 

By Walti&r Noel Hartley, F.R.S., and James J. DobbibJ, 
D.Sa, M.A- 

It was siiown by L. Soret that commercial ammonia, even after many 
recrystallisations as sulphate, still shows an absorption band. Hart* 
ley and Huntington (PM. Tram.y 1879, Part I, 267) confirmed this 
observation, and, believing the absorption to be due to traces of some 
constituent of gas-liquor, examined specimens of what was sold as 

volcanic '' ammonia of special purity for analytical purposes. Three 
separate samples were examined, each measuring half a gallon, with 
the result that all the rays beyond 2638*2 (X 2747*7) were absorbed 
by the strong solution in a cell 15 mm. in thickness. A very distinct 
absorption band was visible on diluting the liquid with eight volumes 
of water, and was still seen until sixteen volumes had been added. 

This result appeared remarkable in view of the fact that gaseous 
ammonia, at atmospheric pressure, in a tube 1 metre in length, showed 
no selective absorption, and that ethylamine, even when solutions 
containing as much as 33 per cent, of the base were examined in 
cells 25 mm. in thickness, transmitted continuous spectra with very 
little absorption. 

Carbamide also showed no absorption band, but transmitted a con* 
tinuous spectrum.* A 10 per ceut. solution of carbamide in a cell 
16 mm, in thickness transmits all rays to X 2140, rays more refrangible 
than X 2750 being slightly weakened. 

"When we remember that practically all the ammonia of commerce 
is obtained from coal tar, and is liable to contain mfcute traces of 
the volatile bases of the pyridine and other series, which can only be 
completely separated with great dijBSoulty, it is obvious that great care 
must be taken to obtain chemically pure ammonia for examination 
before any trustworthy conclusion can be arrived at as to the 
character of its absorption spectrum. 

The following investigation was undertaken with the view of 
definitely ascertaining whether or not chemically pure ammonia 
shows selective absorption. An examination of ordinary aqueous 
ammonia was first made in order to determine the exact position of 
its absorption band. A tube 150 mm. long was used. With this 
thickness of layer, a solution containing 5 grams of ammonia in 100 
c.c» water showed complete absorption beyond ^/X 3638 (X 2749). A 

* From unpublished experiments on the determination of aromatic substances in 
urine. See note Dublin Jownul of Medical ^<nence^ June, 1882*— K. Hartley, 
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layer of the same thickness containing 2-5 grams of ammonia in 
100 c.c, gave a continuous spectrum to ^/\ 3694 (A. 2707), a broad 
absorption band occupying that portion of the spectrum which lies 
between ^/\ 3694 (X 2707) and 4306 (X 2322), the spectrum 
again showing beyond this point. This band is persistent, being still 
traceable in a solution containing only 0*625 gram of ammonia in 
100 c.c. . All the samples of commercial ammonia examined showed 
selective absorption, but by converting the base into ammonium 
chloride, the absorption band was found to become less marked in the 
spectrum after successive crystallisations of the salt. 

In order to try the effect of crystallisation of one of the less soluble 
salts, ammonia was converted into oxalate and the salt repeatedly 
crystallised. The oxalate was distilled with pure potassium hydr- 
oxide and the ammonia absorbed in pure distilled water, the spectrum 
of which was photographed on the same plate as that of the ammonia 
solution. Much greater thicknesses of liquid were examined than in 
previous experiments. 

A layer 200 mm. thick of a solution containing 10’6 per cent, of 
ammonia prepared in this way from oxalate transmitted all rays to 
3638 (X 2749), but the spectrum was feeble from "^/X 2738 (X 3652) 
to ^/X 3638 (X 2749). 'No band was visible. A layer 100 mm. thick 
transmitted the rays to ^/X 4323 (X 2313), but the spectrum was very 
feeble beyond VX 3904 (X 2561), 

From another portion of the purified oxalate the liberated ammonia 
was passed into optically pure hydrochloric acid ; the ammonium 
chloride recrystallised several times was then examined, the solution 
of the salt employed having the same thickness of layer and containing 
the same amount of ammonia as that previously used in determining 
the position of the absorption band in ordinary ammonia. It now 
showed no trace of selective absorption, the spectrum being continuous 
to ^jX 4666 (X 2143) with a scarcely perceptible weakness at the 
extreme ultra-violet end. Pure ammonia may therefore be obtained 
without diflficulty by the decomposition of a crystallised ammonium 
salt such as the oxalate. 


Ammonia obtained from Kydroxylamine^ 

Ammonia obtained by the reduction of hydroxylamine was next 
examined. Hydroxylamine hydrochloride was reduced with a zinc-' 
copper couple and the ammonia distilled into pure hydrochloric acid ; 
the ammonium chloride thus obtained was subsequently purified by 
recrystallisation. 

A layer of 150 mm. of a solution containing 2*5 grams ammonia in 
100 C.C. distilled T^ater showed a continuous spectrum to ^/X 4411 

A A 2 
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(X 2267)5 spectrum is weak from ^/k 3886 (\ 2573), but ther^ 
was no indication of selective absorption. 

As therefore neither ordinary ammonia, which has been carefully 
purihed by the above method, nor ammonia obtained by the reduction 
of hydroxylamine, shows selective absorption, we conclude that 
the absorption band of ordinary ammonia is due to the presence of 
trEwses of foreign substances which distil over with it from the gas 
liquor. 

We next endeavoured to ascertain the nature, and estimate the 
amount, of the impurity to which the band of ordinary aqueous am- 
monia is due. The position of the band seemed to indicate the pyr- 
idine bases as the most likely cause of the absorption, and, in fact, we 
found that a layer of 150 mm. thick of a solution containing 7*68 
grams of pure ammonium chloride (equivalent to 2*5 grams of ammonia) 
and 0*00001 gram of pyridine in 100 c.c, water, showed almost exactly 
the same amount and character of absorption as a layer of ordinary 
aqueous ammonia of the same thickness and strength. 

In a further experiment, we found that the addition of the same 
amount of pyridine (in the form of hydrochloride) to 100 c.c. of distilled 
water produced an identical result, the spectrum being hardly distin- 
guishable from that of ordinary aqueous ammonia.* It follows, there- 
fore, that the strong ammonia used (35 per cent. NHg) contains 
approximately 0*00014 per cent, pyridine. 

Although pyridine is thus shown to be the principal cause of the 
absorption, minute traces of its higher homologues and 6f volatile bases 
of other series are also probably present, as the slight diflEerences 
between the spectrum of ordinary ammonia and that of pure pyridine 
appear to indicate- 

Meihylamim Hyih^ochhride, 

Methylamine was investigated by Hartley and Huntington in cells 
50 mm. thick (PM. Trans, , 1879, Part I, 267). 

An aqueous solution of methylamine was converted into hydro- 
chloride and the salt purified by repeated recrystallisation. A layer 
160 mm. thick of a solution containing 25 grams of methylamine 
as hydrochloride in 100 c.c. distilled water showed practically no 
absorption. There was a slight weakening of the spectrum towards 
the ultra-violet end, and one or two of the lines at the extreme end of 
the ultra-violet were out off. 

* In tMs connection, it is interesting to note that, although asolntion containing 
-p^dine in 100 o.c. distilled water no longer showed an actual gap 
them was a ^rceptible weakening of the lines of that portion of the 
of ordinary aqueous ammonia occurs, , . _ 
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Hydroxylamine Hydrochloride, 

The hydroxylamine hydrochloride examined was subjected to re- 
peated recrystallisation. It gave no precipitate with platinic chloride 
in presence of alcohol and ether, and it was therefore assumed to 
contain no ammonium chloride. The salt is highly diaobinic and shows 
no trace of selective absorption, A layer 150 mm. thick of the 
solution containing 5 grams of hydroxylamine in 100 c.c. water gives 
a continuous spectrum to i/A 4125 (X 2424), A layer of the same 
thickness containing 2*5 grams in 100 c.c. water transmits the whole 
spectrum with the exception of a few of the lines at the extreme end 
of the ultra-violet, 

AcetMomme^ OHq'OHIN'OH. 

Acetaldoxiihe was prepared in the usual manner by the action of 
aldehyde ammonia on hydroxylamine hydrochloride, and afterwards 
purified by fractional distillation until the boiling point was constant ; 
it boiled at 114 — IIS*^. In solution, this compound shows no selective 
absorption, but very considerable general absorption. A layer 
150 mm. thick of a solution containing 125 grams of acetaldoxime in 
100 c.c. water absorbs all lines beyond ^/X 3323 (X 3009). 4. layer 
25 mm. thick of a solution containing 1 milligram-mol. in 20 c,c. water 
gives a continuous spectrum to 3952 (X 2530) and a layer 1 mm. 
thick of the same solution shows a continuous spectrum to ^/k 4:4:17 
(X 2264). 

Acetoxime, (0H3)20IN’0H, 

Acetoxime was prepared in the usual manner by the action of 
hydroxylamine hydrochloride on acetone, and was purified by repeated 
recrystallisation from water ; it melted at 59 — 60°. 

Like acetaldoxime, acetoxime shows no selective absorption, but 
ge^heral absorption, which is slightly greater than in the case of the 
former substance, as was to be anticipated from the presence of an 
additional methyl group. A layer 25 mm. thick of a solution of 
acetoxime containing 1 milligram-mol. in 20 c.c. shows a continuous 
spectrum to ’^Jk 3886 (X 2673); a layer 1 mm. thick of the same solu- 
tion to 4125 (X 2424), 

The substances above referred to afford an excellent illustration of 
the intimate relation between the character and extent of absorption 
and the constitution of an organic compound. Ammonia is highly 
diactinic. The substitution of a methyl group for one of the hydrogen 
atoms has the effect merely of very slightly increasing the amount of 
continuous absorption of the most refrangible rays. Again, the sub» 
stitution of hydroxyl for hydrogen has a similar effect, the group OH, 
however, having a greater absorptive power than the group 
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When we come to acetaldoxime and acetoxime, we find that, regarding 
them as derivatives of hydroxylamine, the introduction of the more 
complicated groups lOH'OHg and IC(OH 3)2 respectively for the 
two remaining hydrogen atoms of the original ammonia molecule, is 
accompanied by a great increase in the amount of the general 
absorption. Comparing however, acetaldoxime with acetoxime, the 
latter, which differs from the former in the possession of an ad- 
ditional methyl group, shows only slightly greater absorption* This 
is in harmony with previous observations on OOgH groups, and the 
slightly increased absorption caused by the introduction of methyl 
groups for hydrogen atoms ; also the stronger absorption caused by 
the replacement of hydrogen atoms by hydroxyl radicles. 

A diagram drawn- to a scale of oscillation frequencies shows at a 
glance the length qf spectrum transmitted by these substances in 
different proportions, and through different thicknesses. 

Experimental. 

Most of the solutions examined were contained in a glass tube 150 
mm. long, ground at the ends and closed with quartz discs held in 
position by means of brass rings, screwed to the ends of a metal tube, 
in which the glass tube was placed. The quartz discs were thus 
pressed firmly against the ends of the glass tube, an indiarubber 
yrasher being inserted between the disc and the brass ring’. By this 
arrangement, the ends of the tube were rendered quite water-tight, 
whilst the solution was not brought into contact with anything but 
the glass and quartz discs. A hole drilled in the side of the glass 
tuba, haying a corresponding opening in the outer metal case, served 
for the introduction of the solution. Af ter each experiment, the di^c^ 
were removed from the ends of the tube, the tube removed from the 
metal case and thoroughly washed out. One tube, 200 mm. long, had 
the quartz ends cemeJited on by pressing the discs against the ground 
ends of the tube and dipping it in solid paraffin, just raised above its 
melting point. The percentages referred to in the paper represent in 
every case the number of grams of ammonia (NH^) in 100 c.c. of 
solution. The electrodes used, consisted, one of an alloy of cadmium 
and lead, the other of an alloy of cadmium and tin. By this arrange* 
j^ent, which was first fully described by one of us in 1885, and has 
l^n very generally used ever since, a large number of easily recog- 
reference lines are obtained, since the cadmium lines, when 
length, stretch across the whole width of 
lead and tin only reach half way across* 
positions of the 69 or 70 reference 
1885, Part IL, 471, also $.rticle 

in Tlior^e^s iiicjsio^ 
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Absorption Spectrum of the Distilled Water and Hydrochloric Acid used 

in the Experiments, 

The distilled water used for these experiments transmitted a con- 
tinuous spectrum to 4565 (X 2195), a line being visible at ^/\ 4662 
(X 2145) when a layer 200 mm. in thickness was examined, 

A normal solution of the hydrochloric acid used, 200 mm, in thick- 
ness, transmits all rays to ^X 4838 (X 2067) and strongly to i/X 4413 
(X 2266).* 

(1) Ordinary Aqueous Ammonia. 

Thickness of layer of solution « 150 mm. 


Strength of 
solution. 

Description of spectrum. 

2*5 per cent 

Spectrum continuous to Va 3694 (A 2707). Absorption Band 
Va 3694—4306 (a 2707—2322), Faint spectrum beyond Va 
4306 (A 2322) with lines showing distinctly at Va 4306 (A 2322), 

- 

Va. 4321 (A 2314), Va 4868 (A 2289), and Va 4415 (A 2266). 
Complete absorption beyond. 

1*26 per cent 

Spectrum almost continuous to Va 4415 (A 2265), but weak be- 
yond Va 3754 (a 2664), the portion of the spectrum between 
Va 3886 (A 2678) and Va 4113 (A 2431) being almost entirely 
cut out. Beyond Va 4415 (A 2266) only one line at Va 4645 
(A 2200) is visible. 

0*625 per cent,.... 

Spectrum continuous to Va 4416 (A 2266), but still somewhat 
weak beyond Va 8896 (A 2667). Complete absorption beyond 
Va 4415 (A 2265), except for feeble line at Va 4546 (A 2200). 

0*312 per cent. ... 

Spectrum continuous to Va 4416 (A 2266) and stronger than the 
preceding. X few lines showing faintly beyond. 


(2) Ammonium Chloride prepared by the neutralisation of 
ordma/ry Ammonia, 

Thickness of layer of solution in each case «= 150 mm. 


Stren^h of 
solution. 


Description of spectrum. 


2*5 percent. 


1*25 per cent. 


pel? cent. ,.J 


Spectrum continuous to 3538 (\ 2748), Absorption Band 
Va. 8638— 4248 (a. 2748 — A 2356), Linos snowing feebly 
at Va 3624 (A 2707), Va 4112 (A 2431), and 4125 (A 2424)*' 
Feeble spectrum beyond Va. 4243 (A 2366), 

Spectrum almost continuous to Va 4556 (A 2196), but weak 
between Va. 3638 (a 2748) and VA 3886 (A 2673) ; very weak 
between 3886 (A 2673) and 4112 (A 2431). Weak 
beyond. 

Spectrum continuous to Va 4666 (A 2195), with line showing 
beyond at Va 4665 (A 2148). Spectnim still weak between 
Va 3886 (A 2673) and VA 4112 (A 2431). 


at hydi^chJorio acid has apparently less absorptive 
than The difference in the length of 

®^sctia ia nwing lntllr|i^i 0 ^ extreme ultra-violet rays of 

[ to iMtve been used for the acid* 
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(3) Fut 6 Ammonium GhloHde prepared from Ammonium Oxalate. 


Strength of 
solution. 

Description of spectrum. 

2*5 per cent 

Spectrum continuous to Va 4556 (A 2196), but weak beyond 
Va 4422 (A 2261). Complete absorption beyond VA 4422 
(A 2261) except for line showing faintly at ^/A 4656 (A 2148. 

The spectrum here is practically complete, and photographs of 
weaker solutions show little or no difference. 


(4) Ammonium Chloride prepared hy the reduction of Hydroxylamine. 

Solution containing 2 ’5 grams ammonium chloride in 100 c.c, 

Spectrum continuous to Va 4411 (A, 2267), but weak from 3886 (A 2573). No 
indication of selectire absorption. 

(5) Fure Ammonium Chloride mixed with Pyridine^ 

Solution containing 2*5 grams ammonia and O'OOOl gram pyridine 

in 100 c.c. 

Spectrum continuous to Va 8621 (A 2840). Complete absorption beyond. 

Solution containing 2*5 grams ammonia and 0*00001 gram pyridine 

.in 100 c.c. 

. Spectrum continuous to ^/A 3638 (A 2749). Absorption Band from Va 3638 
(a 2749) to Va 4306 (a 2322). Weak prolongation of spectrum to Va 4666 (A 2195) 

(6) Fyridine Hydrochloride in Distilled Wader* 

Solution containing 0*0001 gram pyridine in 100 c.c. 

Spectrum continuous to Va 8668 (A 2803). Complete absorption beyond. 

Solution containing 0*00001 gram pyridine in 100 c.c. 

Spectrum continuous to Va 8638 (A 2749). Absorption Band from Va 8688 
(a 2749) to Va 4306 (a 2822), Weak prolongation of ST)ectrum to Va 4666 
(A 2196). 

(7) Methylamine Hydrochloride* 

Solution containing 2*5 grams methylamine in 100 c.c. water. 

Spectrum practically the same as No. 3 (pure ammonia), with the weakening 
towards the end of the violet somewhat more pronounced, 

(8) Hydroxylamine Hydrochloride* 

Solution containing 2;6 grams hydroxylamine in 100 c,o. water. 
Thickness of layer of solution « 150 mm. 

Spectrum continuous to Va 4413 (A 2266), but very weak from Va 5886 (A 2673), 
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(9) Acetaldoxime. 

1’25 grams acetal doxime in 100 c.c. water. 

Thickness of layer of solution — 150 mm. 

Spectrum continuous to 3328 {K 3009). Complete absorption beyond, 

1 mill. -mol. in 20 c.c. water. 


Thickness of 
layer. 


Description of spectrum. 


mm. 

25 


20 

15 

10 

5 

4 

3 

2 

1 


Spectrum continuous to 3952 (\ 2630). Lines showing very 
faintly at ^003 (A 2498) and 4023 (A 2486). Complete 
absorption beyond. 

Spectrum continuous to ^03^ 2479). Complete absorption 

beyond. 

Same as 20 mm., but portion of spectrum between '^JK 3921 
(A 2550) and }jK 4034 (A 2479) somewhat stronger. 

Same as 15 mm., with very faint indication of prolongation to 
4125 (A 2424). 

Spectrum continuous to 4125 (A 2424) with faint indication 
of prolongation to 4176 (A 2394). Complete absorption 
beyond. 

Spectrum continuous to ^/A 4176 (A 2394). Complete absorption 
beyond. 

Spectrum continuous to 4176 (A 2394). Lines showing at 
Va 4224 (A 2367), 4246 (A 2355), and 4821 (A 2314). 

Complete absorption beyond. 

Spectrum continuous to 4821 (A 2314). * Line showing at 
Va 4368 (a 2289) and 4417 (A 2264). Complete absorption 
beyond. 

Same as 2 mm. , but somewhat stronger. With further dilution 
the extreme end of the ultra-violet appears. There is no in- 
dication of selective absorption. 


( 10 ) 


Ketoxime, 

1 mill. -mol. in 20 c.c. water. 


Thickness of 
layer. 

Description of spectrum. 

mm, 

25 

20 

15' 

10 

Spectrum continuous to ^/A 3886 (A 2573). Complete absorption 
beyond. 

Spectrum continuous to 3900 (A 2564). Complete absorption 

beyond, except faint indication of line at V^ 3924 (A 2548). 

Same as 20 mm., but slightly stronger. 

Spectrum continuous to VA 3924 (A 2648). Complete absorption 
beyond. 

Same as 10 mm., with faint indications of hues at ^/a 3963 
<A 2528) and 40*02 (A 2499). 

Speckum continuous to V^ 4039 (A 2476). 

. as 4 mm,, but stronger. 

to Vk 4039 (a 2476), with lines showing at 

V^ 4126 (A 2424). 
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Ketoxime — (continued), 

1 mill.-mol, in 100 c.o. 


Strength of 
solution. 


Description of spectnxni, 


mm, 

4 

3 

2 


Spectrum continuous to 4176 (x 2394). Complete absorption 
beyond, except for lines at ^/x 4245 (x 2366) and ^321 
(X2314), • 

Spectrum continuous to 4176 (x 2394), with faint prolonga- . 
tion to 1/^ 4414 (X 2265). 

Spectrum continuous to 4414 (X 2266), with lines at 4640 
(X 2203) and 4665 (X 2195). 


We have to express our indebtedness to Mr. Alex. Lauder, of the 
University College of Worth Wales, Bangor, for the very valuable 
assistance which he has rendered us in carrying out a great part of 
this investigation. 


XXX.— Amidosul^hite. 

Bj Edwaed Divers and Masataea Ogawa. 

The interaction of such familiar gases as ammonia and sulphur dioxide 
ceased, sixty years ago and more, to attract the attention of investi- 
gators, notwithstanding comparatively nothing had then been definitely 
made out as to the nature of the product, even the few statements con*' 
cerning it which occur in some of the best treatises on chemistry having 
but little experimental foundation. The history of the subject is briefly 
given on p# 331, 

Dry Sulphur Dioxide and Ammonia^ 

Although sulphur dioxide and ammonia, even when comparatively 
well dried, unite at once and with great energy, yet if sufficient care 
has been taken to exclude moisture they do not combine. It has not^ 
been necessary, however, in order to demonstrate this striking pheno- 
menon, to have resort to the elaborate precautions adopted by Brereton 
Baker in his well known experiments upon the non-union of hydrogen 
chloride and ammonia (Trans., 1894, 65, 611 ; 1898, 73, 422). As 
eulphur dioxide could be dried better than ammonia, using commercial 
phosphorus pentoxide for the purpose, we were successful in mixing 
the gases without their combining only on passing the dioxide firsk 
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The preparation flask, with its tubes, having been heated and then 
kept for a time in the desiccator, was placed in ice and salt, and a 
slow current of sulphur dioxide sent through it, the gas having 
been dried by passing it first through tubes of sulphuric acid and 
then of phosphorus pentoxide. The outlet-tube dipped into mercury. 
Ammonia, dried first by cooling in a freezing mixture and then by 
passing it through long tubes of freshly fused and crushed potassium 
hydroxide (but no Stas’s mixture) was now also passed into the flask 
slowly. The result was that the interior of the flask remained clear 
for some minutes, the mixed gases only combining on their escape 
through the mercury into the air with the production of white fumes 
of ammonium pyrosulphite j but after a time, the ammonia having, it 
is presumed, gradually brought in moisture along with it, through 
passing more rapidly along the tubes than at first, the walls of the 
flask became suddenly coated with an orange-coloured deposit, whilst 
the mercury rose high in the exit tube. 

Fropm'tiona in which Sulphur Bioxide and Ammonia Gomhim. 

The proportions in which ammonia and sulphur dioxide combine, or 
appear to combine, depend largely on the extent to which the tempera- 
ture is allowed to rise, the heat of union being considerable. They 
vary also according as one or other of the gases is in excess, unless 
the temperature is kept very low. But variation in the proport ions^ 
as well as apparent condensation of additional sulphur dioxide by a 
suflSlciently ammoniated product, is clearly due to secondary changes 
(p. 330). If the temperature is kept loW| ammonia unites with 
stilphur dioxide, especially if the ammonia is in excess, in the propor- 
tion of two volumes of the former to one of the latter (p. 830), but 
since, at the ordinary temperature, this union is immediately followed 
by a decomposition in which ammonia is evolved, the union of the two 
gases may appear to take place in other proportions than those just 
mentioned. It is pretty certain that, by proceeding slowly enough 
and using strong cooling agents, secondary action can be almost 
entirely prevented, and the statement just made be verified even 
when working with the gases alone. We have not striven to make a 
very close approximation to such a result, because a simple modification 
Spf the method enabled us to exclude all secondary action. Our experi- 
mental work, which is referred to further on (p. 332), has shown that 
much more nearly two volumes than one volume of ammonia can be 
Way to unite with one volume of sulphur dioxide, the only 
pi^por^ieng whichi Bose met with in his experiments (p« 332), and that 

presehOe b| ammonium amidosulphite in the product ce*n be 
^tahimhed with cerl^inty, V 
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Preparation and Analysis of Ammonium Amidosulphite. 

In order to get the primary product of the union of sulphur dioxide 
with ammonia in an unchanged state, ether was made use of. The ether, 
freed from alcohol and water by treatment with sodium, was contained 
in a small flask, flitted with inlet and outlet tubes, which was to serve, not 
only for the production of the new substance, but for its isolation and 
its weighing for analysis. The flask was put in a bath of ice and 
salt, with the outlet tube dipping into a trough of mercury, and the 
ether was saturated with dried ammonia ; having shut off the ammonia, 
a very slow current of sulphur dioxide was then sent into the solution 
while the flask was continuously shaken, not only in order to diffuse 
the heat, but to prevent the product from caking on to the bottom of 
the flask and enclosing ether. The mouth of the tube containing the 
sulphur dioxide soon became filled with a yellow, pasty mass (p. 330), 
and had to be kept open by a platinum rod, manipulated through the 
rubber tubing above, but the precipitate itself was quite white and 
powdery. In spite of the external cooling, the heat of combining was 
sufficient to cause ammonia gas, saturated with ether vapour, to 
escape through the mercury sealing the exit tube, and when this 
escape became slight, the passage of sulphur dioxide was stopped. 
Using about 20 c,c. of ether, more than a gram of the substance was 
obtained. In order to secure this undecomposed, a second flask was 
put in connection with the preparation flask, and ammonia again 
passed to the saturation point. The ammoniated ether was decanted 
off through the connecting tube into the second flask, which was then 
detached, and the ether adhering to the precipitate was removed by 
passing a current of ammonia over the precipitate in the flask for 
some hours, the whole operation being carried out in the freezing mix- 
ture. There was no other means of completely drying the salt, and even 
this was not altogether successful if the salt had been allowed to cake 
together. Neither air nor hydrogen could be used in place of ammonia 
for drying the salt, nor could the flask remain out of the freezing mixture 
so long as ether still moistened the salt, without the latter ecqrSiteg 
an orange colour. When dry and in an ammoniaoal atmosphe^ Idale 
salt is more stable, but cannot long be kept at the ordinsurj^ tempera- 
ture without becoming discoloured through deeompositimii 

-The stopper carrying the gas tubes having been replaced 
by a plain one, and airallowed to displace most of the ammonia gas, the 
flask was at once weighed and left for a time inverted with the open 
mouth dipping into 100 c»c., or inore, of water in a beaker. When 
the eali in-it bad become dampi it Was washed into the water, and ite 
very dilute solution distilled with, alkali to determine the ammonia 
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The residue was divided into two measured portions, one of v^hich 
was acidified and heated at 150° under pressure for some hours, and 
then redistilled with alkali for additional ammonia, of which only a 
trace was obtained (0 001 per cent, of the salt). The other part of the 
solution was treated with bromine, and next with hydrochloric acid 
and potassium chlorate, after which the sulphuric acid was precipitated 
as barium sulphate with the usual precautions, The results of the 
analysis were : 

, Ammonia, Sulphur dioxide. 

Found 35*09; 64*91 per cent, 

S02(NH3)2requireB 34*69 ; 66*31 ,, 

The slight excess of ammonia indicated may safely be attributed to 
the means taken to preserve the salt until it was analysed. 


lis Froperites, Constitution^ md Fame. 


The new salt, which is white and apparently crystalline, seems to 
be slightly volatile in a current of ammonia. It is very deliquescent, 
and, on exposure to the air, decomposes, losing ammonia. It dissolves 
in water, giving out heat and a hissing sound, and if dissolved by ice 
or enough ice-cold water, furnishes a solution answering all the tests 
for pure ammonium sulphite. In this respect, it is quite unlike am- 
monium amidosulphate or carbamate, since even the latter salt gives 
at first no precipitate with calcium chloride, which at once pre- 
cipitates all sulphite from the new salt. When the salt is much 
decomposed, its . section gives other reactions besides those of a 
nulphite. In anhydrous alcohol, it dissolves freely, evidently as ethyl 
ammoniunasulphite ; it is also slightly soluble in dry eth^. It soon 
begins to change, and then assumes an orange colour, even ah the 
common temperature. At 30— 36°, it decomposes into a liquid and a 
solid part, both more or less orange-coloured, and into ammonia, the 
liquid part undergoing further change into solid matters (p. 333), 
Oomtitution . — The salt is more probably ah amido- than an imido- 
compound, NH 4 *N(S 02 *NIl 4)2 (analogue of normal ammonium imido- 
sulphate), because it can be obtained only when the temperature is 
kept low and the ammonia is in excess. It is still more pro^bly a 
sulphuryl rather than a thionyl compound, because of its feeble 
activity as a reducing agent, and of its very easy passage into am- 


sulphite or ethyl ammoniumsulphite. It has accordingly to 
^^^^Mopiated as NH 2 *B 02 *iNH 4 , and not as NH 2 *SO*ONH 4 . 
^^^^^p ^cethe salt represents ammonium sulphite, •SOg'NH^, 

'is replaced by amidogen, it is properly 
tl^^^^^^^^^^f^^ulphite. Berglund’s name of amidosulphonate, 

is, 'evidently based on a misconceptiou# 
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5?iie name, amidosulpMnate, in analogy with amidosulphonate, must 
be rejected on the same grounds, and because the salt has not the 
characteristic reducing action and the constitution of sulphinates. 
It does not seem possible, even were it desirable, to construct a term 
for the first amide of sulphurous acid that would correspond with 
sulphamic acid, the synonym of amidosulphuric acid. 

Nature of the Decomposition which the Amidosulphite undergoes 
when Heated, 

History, — Experiments on the union of sulphur dioxide with am^ 
monia made earlier than ours gave the products of decomposition of 
ammonium amidosulphite instead of the salt itself. D6bereiner, in 
1826 {Schw, Jahrh,y 17, 120), described the product of the union as a 
brownish-yellow vapour which quicHy condenses to a bright brown^ 
solid mass, ‘ anhydrous ammonium sulphite,' which the smallest 
quantity of water converts into ammonium sulphite. Bose published 
three papers on anhydrous sulphite of ammonia" in 1834, 1837, and 
1844 {Pogg, Ann,^ 33, 236 ; 42, 415 ; 61, 397), in the second correct- 
ing statements made in the first, and modifying, in the third, the views 
he had expressed in the earlier papers. The outcome was that he had 
ascertained that the product of the union is always one and the same 
single substance, in whatever proportions the dry gases are taken ; 
that it is composed of equal volumes of the gases, is either yellowish- 
red and viscid, or red and crystalline, very deliquescent, and dissolves 
very easily in water without evolving ammonia; that it yields a 
neutral solution, which is at first yellowish, but soon becomes colour- 
less, and gives, when recently prepared, the reactions mainly of a 
mixture of ammonium sulphate and trithionate, but to a small extent 
those of a sulphite also ; and, lastly, that when the solution is of a 
certain concentration it gives a transient, reddish coloration with 
hydrochloric acid, 

Forchhammer {ComjpL rend,, 1837, 5, 395) found that, besides the 
orange-coloured substance, crystals of ammonium sulphate are pro- 
duced, which can sometimes be seen apart from the other product in 
some spots of the mass, although often indistinguishably mixed up 
with it. (That the crystals observed in the product were those of 
sulphate could only have been a supposition of Eorchhammer's.) The 
mass, when moistened, is alkaline, and evolves ammonia, yielding, in 
other respects, the reactions recorded by Bose. Absolute alcohol extracts 
from it a substance which acquires a rose colour, soon disappearing. 
Indirectly, he represented the mass to be derived from 2 mols. of 
ammonia to 1 mol. of sulphur dioxide. 

The views advancedi as to the nature of the orange-coloured sub* 
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stance have been, that it is a compound of ammonia with an isomeride 
of sulphurous anhydride, which, with water, changes at once into 
ammonium sulphate and trithionate, just as ammonium pyrosulphite 
slowly changes in hot solution (Rose); that it is amidogen sulphide, 
S(NH 2)25 iJaixed with ammonium sulphate (Forchhammer) ; that it is 
partly thionamic acid, NHg'SO-OH, partly ammonium thionamate, 
both volatile, its colour being due to an impurity (H. Watts) ; and 
that it is ammonium pyrothionamate, (Jdrgenssen). 

Interaction of the Gases , — We have repeated Bose*s experiments of 
measuring over mercury the volumes of the gases which interact, 
he having found that combination always takes place between equal 
volumes, whichever gas is in excess. The results somewhat approached 
this when no steps were taken to prevent the rise in temperature due 
to the union of the gases ; but when the gas tube was immersed in a 
cooling mixture and the ammonia was in excess, the volume of this 
gas consumed was much greater than that of the sulphur dioxide. 
This method of investigating the matter is, however, inapplicable, 
because the ammonium amidosulphite which is formed partly decom- 
poses and evolves ammpnia freely. By letting the dried gases come 
together in a vessel agitated in a freezing mixture, and keeping the 
ammonia in excess, a solid mass is obtained which consists largely of 
the amidosulphite, and behaves as such with water, although it is mixed 
with other substances, quantitative analysis showing that much more 
than 3 mols. of ammonia to 2 mols. of sulphur dioxide are required 
for its formation. If, instead of being examined at once, it is kept for 
a long time in a gentle current of dry nitrogen or hydrogen at a tem- 
perature of 30 — 35°, it no longer contains amidosulphite or gives any 
sulphite to water, and contains not much more than one atom of 
nitrogen to one of sulphur. Thus, Rosens results are explained, and, 
at the same time, shown to be of no direct significance. 

FroducU <f Ijbe Decomposition. — Both Rose and Forchhammer 
found ammonium sulphate to be a principal constituent of the product 
of the interaction of the gases. If the temperature had risen sufficiently 
high, this would have been the case; furthermore, the solution of the 
even less heated product slowly becomes acid and full of sulphate. 
When, however, the temperature has not been allowed to exceed 30°, or 
even 40°, the quantity of sulphate in the product is so small that it may 
almost be disregarded. Together with the sulphate, trithionate was 
considered by Rose to make up most of the product, for the aqueous 
solution of the mass always gives a strong reaction with silver nitrate 
might be that of trithionate ; moreover, in the case of his product, 
a trithionate were noticed. When, however, the pro- 
is free from amidosulphite, its solu- 
tiw without the others which belong to a 
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trithionate. For instance, the solution may be acidified and left for 
hours without yielding more than mere traces of sulphur dioxide and 
sulphur ; to get these in quantity, the solution has to be strongly 
heated under pressure. Besides this, the absence of sulphate in the 
solution is of itself almost enough to disprove the production of tri- 
thionate, since, as Rose himself held, sulphate and trithionate as 
products of the decomposition are complementary. 

Pure ammonium amidosulphite, when heated, gives the same results 
as the coloured product obtained by the union of sulphur dioxide and 
ammonia. 

Rose’s assertion that the product formed by the union of the gases 
is homogeneous is certainly incorrect, according to our experience. 
By the union of the gases in a receiver kept well cooled, the product 
is deposited as a soft, waxy, yellow coating on the walls of the vessel 
and on the gas-tubes. Its colour varies in different parts from nearly 
white to orange-red, somewhat irregularly, but generally so as to be 
whiter near where the ammonia enters, the whiteness not being due 
to moisture in the gases, as Rose assumed. When the temperature 
rises to 30 — -35°, whether by the heat of reaction or by external 
heat, it is decomposed into an indistinctly crystalline, white solid, and 
a much smaller quantity of a coloured, effervescing liquid, partly 
draining to the bottom of the vessel j after a time, however, the 
whole becomes solid again, and adheres tenaciously to the glass. 
When pure ammonium amidosulphite is similarly heated in a dry, 
inactive gas, it becomes coloured, softens, sinters together, vesiculates, 
gives off ammonia, and becomes a mass like that derived directly 
from the union of the gases. With very gradual heating, the tem- 
porarily liquid product is much less coloured than in the other case, 
its colour being evidently caused by the presence of a red matter 
dissolved in it, which gives indications of being volatile. 

This orange-red substance is never formed except in very small 
quantity. It gives a yellow colour to the aqueous solution of the 
whole product, which, however, slowly fades. Alcohol, carbon 
disulphide, and other menstrua dissolve it out from the salts, leaving 
them white; but the solutions are hot pure. The yellow solution in 
water or alcohol takes a transient pink colour when mixed with dilate 
hydrochloric acid, and the alcoholic solution, an indigo-blue colour 
with concentrated ammonia. The residue left on evaporating the 
carbon disulphide solution becomes explosive when heated above 150°, 
and may then have become nitrogen sulphide, but before being heated 
it is not this substance. 

Except the very little sulphate already mentioned, there is no 
known substance present in the residue of the decomposition of the 
amidosulphite by a gentle heat, so far as we can discover. Alcohol of 
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95 per cent, dissolves out something, but only very sparingly ; on 
evaporating the solution in a vacuum, a very deliquescent, salt is 
Obtained in crystals, having a composition which may be expressed by 
9HH3,8S02, assuming the presence of 2*5 per cent, moisture. The 
composition of the whole crude residue does not differ much from this. 
The alcoholic solution, if cooled and saturated with ammonia, gives 
minute, scaly crystals in small quantity. This substance, dried in a 
current of ammonia, has a composition expressed by the formula 
(|NJ0[3)3S2O3, and if dried over sulphuric acid, that of (^113)28208.“ 
These three substances aU give the silver nitrate reaction, of the 
aqueous solution of the whole residue, and when boiled with dilute 
hydrochloric acid give very little sulphur and no sulphur dioxide. At 
higher temperatures, whether dry or in solution, they yield sulphur, 
sulphur dioxide, and sulphate. Two potassium derivatives of these 
salts have also been prepared. Neither the crude residue nor any of 
the above substances yields all its nitrogen as ammonia when distilled 
with alkali, unless it has been previously heated with hydrochloric 
acid under pressure. 

Erom^the mother liquor of the above-mentioned SgOg salt, a substance 
was obtained which in composition and behaviour appeared to be 
aulphamide, slightly impure. Neither sulphamide nor amidosulphate 
Can be found in the fresh aqueous solution of the whole residue, but, 
by heating the solid residue itself to a higher^ temperature, imido- 
stilphate is obtained in considerable quantity, besides sulphur and 
sulphate, and imidosulphate is known to be a product formed when 
either amidosulphate or sulphamide is first' heated, and tiieh dissolved 
in water. An extract from the residue made with prodf^pirjt dr with 
j^pod spirit yields ammonium amidosulphate on evaporation, no doubi 
' ;:generated by hydration* -’When an' aqueous solution of the heatsd 
residue was treated with excess of barium acetate, filtered, and evapor- 
ated at 100"^, It left crystals of barium thiosulphate. 

During the heating of ammonium amidosulphite at a temperature 
of 30® to 35®, besides much ammonia, small quantities of water and 
of sulphur dioxide are evolved, the former mainly in the earlier stage 
and the latter in the later stage of the decomposition. This remark- 
able production of water, although always evident, was fully 
established by cooling the escaping gases and testing the water thus 
icdllected. The presence of sulphur dioxide later in the operation was 
shoTO by the gases faming on their escape into the air, and then 


mall, white deposit, slowly turning orange, and reacting as 
In the interaction of sulphur dioxide with 
dswmmposition of the amidoSulphite> no liberation 

fo 'mm up incomplete work on the decomposition 
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of ammonium amidosulphite by a graduated and gentle beat : am- 
monia and a residue consisting of a substance (or substances) wbicb 
behaves as a thio-amido-sulphonic compound are the principal 
jiroducts j in far smaller quantities, water and an orange-red sub- 
stance are also produced, and generally, if not always, a very little 
i^ulphate ; whilst as secondary products, apparently sulphamide and 
certainly amidosulphate and thiosulphate are obtainable, as well as 
i'midosulphate, sulphur, and much sulphate. It seems of interest to 
point out that we here record the first production known of amido- 
i^xlphate from ammonia and sulphur .dioxide, this^ hitherto, having 
been derived either from ammonia and sulphur trioxide, or from a 
nitrite and sulphur dioxide. 

’ We hope in a future paper to be able to report the completion of 
this investigation. * 


XXXL * — Products of Heating Ammonium Sulphites^ 
Thiosulphate^ and Trithionatc. 

By Edwaed Divers and Masataka OaAWA. 

What has been published on the/ effects *of heating ammonium 
sulphites and thiosulphate is but little in accordance with" the results 
q£ the experiments we ha.ve made on these salts and on the tritbionate, 
ip connection with an investigation of the decomposition which am- 
iponium amidosulphite undergoes when heated. ^ 

' Prey^aration of ih$ Salts med» 

' ATTimomim SvifhiUf (]^H^) 2 S 03 ,H 20 . ‘-^Statements are’OOnflicting as 
/whether this salt can be obtained from its solution by evaporation 
^Us^att, 1847, iii, BO, 414 jiMariguac, Am: Mmes, 1857, 

^ M f Fercra*nd,'(7ow^. rmd., 1885, 100, 245 ; Hartbg, render 
1887, 104* 1793; Rohrig, J, pr, <7W,/188S, 37, 227). We fihdi 
thAt a concehti?ated solution, charged with ammonia, will deposit the 
Salt on evapomiiion over potash at jbhe ordinary temperature, but in 
pr^aring this solution the moderately ^strong solution Of ammonia, 
which must be used, has to be kept v^y bold v^hile passing in the 
sulphur dioxide. If dilute, the solution ' does not yield * the salt on 
evaporation, the greater portion of * it being decomposed. Instead of 
evaporating, it is far better to take advantage of the sparing solubility 
of ^ the Salt in presence of much ammonia. Ammonia solution, sp, gr. 
0*895, containing therefore about 28 grams ammonia in 100 c*c., is 
treated with sulphur dioxide, while the fiask containing it is kept :in 

B B 2 
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motion in a mixture of ice and salt, the tube conveying the sulphur 
dioxide hot dipping into the solution. The formation of a very little 
orange-coloured matter in the neck of the flask cannot be avoided, 
but this can be easily removed afterwards. When the solution has 
become pasty from deposition of crystals of the salt, the passing of 
sulphur dioxide is stopped. Even at the common temperature, the 
crystals do not sensibly dissolve in presence of the excess of ammonia. 
The salt, drained on a tile under close cover, can be dried either by 
filter paper or by a short exposure in the desiccator: over potassium 
, hydroxide or carbonate, salted just before with ammonium chloride so 
as to maintain an atmosphere charged with ammonia. The product is 
equivalent in quantity to about one-fourth of the ammonia taken. By 
long exposure in a dried atmosphere, the salt, becomes anhydrous with- 
out loss of ammonia. Exposed to the air, it deliquesces, owing to the 
fact that it evolves ammonia and becomes converted into the very de- 
liquescent pyrosulphite. 

Anhydrous ammonium sulphite is readily obtained from the hydrated 
salt by long enough exposure in the desiccator ; it is very hygroscopic, 

Ammonium Fyrosulphite, — If, in the process described 

above, the passage of sulphur dioxide is not stopped when the solu- 
tion is full of erystals, these gradually dissolve, and the solution 
becomes greenish-yellow. Then, as it gets saturated with sulphur 
dioxide in the cooling mixture, the pyrosulphite crystallises out, in 
quantity equivalent to a little more than one-fifth of the ammonia 
taken, being thrown out of solution by the sulphur dioxide. The 
salt can be obtained dry and pure in the same way as the normal 
sulphite, except that sulphuric acid, to which a little solid alkali sulphite 
has been added, is used in the desiccator. It may be kept unchanged 
for any time in such a desiccator, although it is very deliquescent and 
changeable when not carefully preserved from moisture. This salt is 
also easily obtainable by evaporating its aqueous solution, but not 
without some decomposition through loss of sulphur dioxide and 
through oxidation with formation of sulphate. It is much more 
soluble than the normal sulphite. 

Arnmonium Thiosulphate, — An old solution of calcium thiosulphate, 
bbtained by boiling lime and sulphur together in water, and leaving 
the solution until much of the pentasulphide had been oxidised by the 
air, was decanted from insoluble matters, mixed with ammonium 
carbonate in excess, filtered, and then freely exposed to the air for 
at In this way, a very concentrated solution of 

was obtained, free from sulphate and other 
of this, very soluble salt was then dried up to a 
V The well-dried crystals have beeq 
: 33, 309?) to be anhydrous. 
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Ammonium This salt does not appear to have been pre- 

pared hitherto. Being exceedingly soluble in water, it cannot be 
obtained by Plessy’s excellent method for the potassium salt {Ann. 
Chem, Fhys., 1844, [iii], 11, 182), or by Hertlein's modification {ZeiL 
physikaZ. Chem., 1896, 19, 287). We therefore made the pure potassium 
salt by Plessy's method, precipitated the potassium from it by hydro- 
fluosilicic acid, neutralised quickly with ammonia, precipitated the 
ammonium trithionate by absolute alcohol, and dried it in the desiccator. 
This very deliquescent and changeable salt cannot be kept long in good 
condition, but it was used by us when freshly prepared and while still 
almost free from sulphate. 

Effects of Heating the Salts. 

The Process. — ^The salts were heated in an oil-bath, in a subliming 
vessel consisting of a test-tube 15 cm. long and about 15 mm, in in- 
ternal diameter. The tube was closed by a perforated caoutchouc 
stopper, a very slow current of dried nitrogen being passed through the 
tube and maintained during the heating and cooling. The salt, usually 
about 4 grams, was contained in an open, slender bottle, about 6 cm. 
long, having a platinum wire attached to it for lowering it into and 
lifting it out of the subliming tube. The tube was immersed in the 
oil to the level of the mouth of the bottle inside, so as to cause all 
dry sublimates to collect in the tube above this level. When, as in 
the case of the hydrated normal sulphite, the heating was divided into 
stages, the bottle was transferred between these to a second subliming 
tube. The heating of the oil was conducted very slowly, so that the 
temperatures mentioned, which were those of the oil, may be accepted 
as being very nearly those of the salts at the time. 

In describing the effects of heating them, the salts are taken in the 
inverse order in which their preparation was described, this being more 
convenient on account of the nature of the products. 

Ammonium Trithionate. — ^This salt is scarcely affected until the 
temperature is above 150% and at 160 — 170° it. steadily decomposes 
into sulphur dioxide and a residue of ammonium sulphate and unfused 
sulphur. It is remarkable that the sulphur does not fuse, and this 
can only be referred to the presence of minute quantities of impurities. 
It all dissolved readily in carbon disulphide, and crystallised out on 
evaporating the solvent. 

It can hardly be doubted but that ammonium tetratliionate {o^nipenta* 
thionate, if it can exist) would decompose in the same way as trithionate. 
Ammonium hyposulpkate {dithionate) has been shown by Heeren {Ann^ 
Phys. Chem., 1826, 7, 55), and more definitely by Kliiss {Annoden^ 
1888, 240, 194) to first become anhydrous, when heated, and then 
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tQ 4ecp?»ppse # about 13.0° into sulphur dioxide and ammonium 
sulphate.; . . . 

Ammonium Bammelsberg {Fog^. Am*, 1843, 298), 

found that this salt, when heated, gave water, ammonia, and a sublimate 
of sulphur, much thiosulphate again and sulphite, and a little sulphate. 
This result must have been obtained by rough heating. A much more 
weighty _ statement is that made by Spring (-Ben, 1874, 7, 1159), 
namely, that the dry salt can be sublimed uno^ngpd, intermedial^ 
dissociation being admitted. We have founds i.t to, ;deteom|>psp ,vpry 
slowly at 160?,. the main products being a snblijnatp. 9l 
normal sulphite and a residue of unfused sulphur, 
trithionate. Yery small quantities of hydrogen sulphide and ammonia 
also passed off in the current of nitrogen, and the sublimate contained 
a very little of a salt which had some of the properties of trithionate, and 
did not give the violet coloration with ferric chloride characterfstic 
of a thiosulphate. Analyses of the sublimate, and of that part of the 
salt which remained mixed with the sulphur when the progress of th5 
decomposition was arrested after about half of it had been decomposed^ 
gave results showing that the former is essentially anhydrous normS/l 
sulphite, and the latter unchanged thiosulphate : ‘ 


Ammonia, Sulphur. 

{NH 4 ) 2 S 03 29'Sl per cent. ; 27*59 per cent. 

Sublimate... 27*64 „ 27'66 „ 

WH4)2SA 22*97 : „ : 43‘24 „ 

Residue... 20*69 „ 42*31 ,, 


The maiq decomposition of tlmi tMoSulphat^iis iU‘Jull.$»gteepient 
with the Illation p£ tbios|iJphat€^ 
production of a littiuammfonto^^fed 
with 't4fee.^:rcflation Of trithionate: to 
{Spring) 

thiosulphate is r^fi^y and l»0ie atfpngiy; ho^od> ar^monia is los<^ 
and stdphujt subKmes ] then, mattO^T-of oonrse^ apdrpf -no signifi- 
cance, thiosulphate^ and :oveia tp^ithionatf arp . produced .pn adding 
water to: thetmixed sublimates. ; : > - " -r - : : v . ; * " - i 


Ammonim^ F yroayZpjfiUe , — ^We csould not get this e;:^ceadinglj ’ delir 
quescent salt ipto the tube ready for heating: b^ore ^ i^ 
some mpistni::e,;and to^this we attribute somepf; the res^^s obtained* 
Change went on slowly in the salt at 1 30°,- and ^mewhat* faster 

Tfas Httle pise thaif a; sligh^jh^^^ evolu- 


to tim ] 


vepy . feebly^ 


^y7]^p^q^ubiin^te^was*f<^ sublixpate was 

^ foonsiderable 



Ammonium sulphites, thiosulphate, and trithionate. 3S9 

residue, amounting to more than one-third of the weight of the salt 
taken, and consisting of sulphate, trithionate, sulphur, and apparently 
some tetrathionate. There was neither sulphite nor thiosulphate. 
The tetrathionate, the sulphur, and the sulphur dioxide were very 
probably derived from decomposition of trithionate by moisture. 
From a consideration of the results, it seems almost necessary to 
assume that perfectly dry pyrosulphite sublimes unchanged (with no 
doubt intermediate dissociation), and that the presence of a little 
moisture causes it to decompose partly into sulphate and trithionate. 

Anhydrous ammonium sulphite volatilises at about 150°, yielding a 
sublimate of the same salt, or rather a pseudosublimate, for the salt 
surely dissociates when heated. 

Hydrated Ammonium Sulphite.— At^oovding to Muspratt, this salt 
volatilises entirely when heated, no sulphate being produced ; it yields 
water, then much ammonia, and finally a sublimate which, judging from 
its properties, is ammomum pyrosulphite. “We observed the following 
effects on gradually heating it in a very slow current of dried nitrogen* 
At about 90®, the salt became moist and ammonia escaped ; at a little 
above 100°, distillation of water also took place, both water and 
ammonia continuing to escape in noticeable quantities for 2^ hours 
longer, when the temperature for some time had been 120°; up to 
this, but very little sublimate had formed, and matters were now 
almost at, a standstill. The quantity of the salt heated was about A 
grams, and this had now lost one-fifth of its weight, the residue 
having the composition expressed by the formula (FHg 
equivalent to a mixture or combination of the three salts, hydrated 
sulphite (39 A per cent,), anhydrous sulphite (34;T per cent.), and pyro- 
sulphite (26*5 per cent.), dividing equally amongst them, the sulphur 
dioxide. Repetitions of the experiment gave practically the same 
results. Calculation and the results of one experiment gave the 
following numbers : — 

. ; Ammonia. Sulphur dioxide. 

25*00 per cent. ; 56*47 per cent, . 

Found 24*65 „ 66*20 „ 

If, in the formation of this complex, which no longer loses material 
quantities of ammonia or water, only these products had been given 
off, the residue should have been 84J per cent, of the hydrated normal 
sulphite, whereas it proved to be little more than 79 per cent., in con- 
sequence of the volatilisation of some of the (dissociated) salt, rendered 
manifest by the production of a little sublimate. 

After renewing the heating in a fresh subliming tube, allowing the 
temperature to rise slowly from 120° to 160°, the residue had almost 
all disappeared in 2 "hours, an abundant dry sublimate beihg 
deposited ; for some time during the heating, sulphur dioxide escaped 



840 RtTSSEUL ANI> StoTfl: THE COMBINATION 

stoadily, but practically ceased to do so long before the sublimation was 
finished. The residue left when sulphur dioxide ceased to come off 
proved, on analysis, to be normal sulphite, but only half^ hydrated, 
2(NH^)2S03H20. The sublimate, also, now and at the finish, con- 
sisted of normal sulphite, appai'ently anhydrous, although, as it is very 
hygroscopic, it was found to be a little hydrated from unavoidable 
exposure to the air while it was being scraped out of the tube into the 
weighing bottle. 

Hydrated ammonium sulphite, therefore, wheii gradually heated 
to 120°, becomes converted one-third into the anhydrous salt, and one- 
third into pyrosulphite, by loss of water and ammonia ; and then the 
nearly stable complex of these salts, with the other third of the original 
salt, becomes converted into the nearly anhydrous normal sulphite 
between 120° and 150°, sulphur dioxide and water escaping. The 
presence of water is essential to the occurrence of both changes ; dry 
ammonium pyrosulphite partly sublimes as such at 150°, and partly 
changes into sulphate and trithionate, as already described. If heated 
more rapidly in an open tube, the results will be those obtained by 
Muspratt, for then water is more quickly expelled, and some pyro- 
sulphite can be deposited as a sublimate. 


XXXIL — Combination of Sulphur Dioxide and 

Oxygen. 

By Edward John Bussell and Normaij Smith. 

In the course of a number of analyses involving the separation of 
sulphur dioxide and oxygen by means of a pellet of manganese dioxide, 
it was noticed that the amount of gas absorbed was always greater 
than the amount of sulphur dioxide present, some of the, oxygen being 
taken up and sulphuric acid formed* Part only of the sulphur dioxide 
was absorbed in accordance with the equation SOg + MnO^ « MnS04, 
the rest combined with oxygen in a manner that suggested surface 
action on the part of the manganese dioxide, thus : 2SO2 + Og “ 230^. 
This apparent surface action occurring in the cold, was thought to be 
of sufficient importance to deserve further investigation, especially as 
up to the present sulphur dioxide and oxygen are only known to com- 
bine directly at high temperatures. 


Dioxide ON Oxygen in Presence of 




Moist Oxides. 

of a laboratory vessel ahd eudiometer con- 
Air was introduced into the 
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eudiometer and its volume measured ; sulphur dioxide, delivered from 
a syphon of the liquid, was bubbled into the laboratory vessel, trans- 
ferred to the eudiometer, and its volume measured. By introducing 
the gases in this order, and never having too great an excess of sulphur 
dioxide, the deviation of this gas from ^Boyle’s law became very slight. 

Fig. 1. 







■.KZZ^. 

The gases were mixed thoroughly, and a 
small portion sent over into the laboratory 
vessel and allowed to stand for a few 
minutes in contact with a pellet of the ' 
substance under investigation ; this por- 
tion was drawn off and the main portion 
measured and sent over. This preliminary 
treatment is necessary in order to avoid 
the disturbing effects of occlusion of gases 
by the pellet, Headings of the volume 
were taken from time to time, and finally 
the pellet was removed and caustic potash 
added to complete the absorption of the 
sulphur dioxide. The volume was again 
measured. From the data thus obtained, 
the amount of sulphur dioxide absorbed by 
the pellet and the amount of sulphur tri- 
oxide formed can be calculated. 


In order to show tbat the substance formed is sulphuric acid, the 
pellets of pyrolusite, after exposure to the mixed gases, were left for 
hours in a stream of dry carbon dioxide to remove any sulphur 
dioxide mechanically held, and then washed with water. Part of the 
washings was tested for sulphur dioxide with a strip of paper soaked 
in a potassium iodate and starch solution, and the rest with 
methyl -orange solution. Sulphur dioxide was found to be absent, 
and methyl-orange showed that the solution was strongly acid. Since 
manganese sulphate is neutral to this indicator, the acidity must be 
due to sulphuric acid. 
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It was next necessary to find out how much, if any, oxygen was 
taken up by the sulphur dioxide dissolved in the water present in the, 
pellet, or by the potassium sulphite formed in the final operation. Tor 
this purpose, experiments were made as described above, but recourse 
was had to pellets of moistened silica instead of manganese dioxide, in 
order ^ match as far as possible the surface conditions under which 
the Water acted. In no case did the absorption of oxygen exceed 1/15 
of that observed in the experiments in which manganese dioxide was 
used. It is evident, therefore, that this absorption must be due to 
some action exercised by the manganese dioxide. 

A jseries of experiments was next made with manganese dioxide in 
different states. We used the native oxide in experiments 1 — 14, and 
the. precipitated oxide in experiments 15 — ^18. 

Table 1* 



The pellets used were about the size of a large pea, except in experi- 
ments 4, in which they had, as nearly as we could judge^ about 

th^^ are ; ^ - 
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2. Ordinary pyrolusite only slowly absorbs sulphur dioxide, but 
forms a large percentage of sulphur trioxide (experiments 6 and 6), 

8. If the pyrolusite is moistened, the rate of absorption of sulphur 
dioxide very much increases, btit the percentage of sulphur trioxide 
formed diminishes (experiments 7 and 8). 

4. As the moisture is removed, either by slow evaporation in the 
air or by more rapid evaporation at 100°, the rate of absorption of 
sulphur dioxide diminishes, and the percentage of sulphur tribxide 
formed increases, 

5, The oxide obtained by precipitation produces less sulphur trioxide 
than the native compound. This is probably accounted for by the 
difference iix surface. 

A second series of experiments- was made, using lead peroxide. The 
commercial precipitated oxide was digested with dilute nitric aCid, 
well washed with water, and allowed to stand in the air for the 
periods specified below ; 

Table II» 


s 

•m 

o 

^ ‘1 

Vol. of air. 

o 

CQ , 

> 

'VJ 

03 • 

li 

«e Ah 

0^1' 
CQ ^ 

* 

ret 

b g 
“-g 

g 

SOg con- 
verted' into 
SOs. 

Time of 
exposure. 

Substance used* 

1 

75 

100 

97 

3 

nil 

15 mins. 

1 

i 

1 

2 

85 


98 

2 

j> ■ 

15 „ 

! 1 

[Lead peroxide, dried for 2 days ill 

3 

4 

77 

79 

it 

»f 

98 

98 

2 

2 

99 

9 

15 „• 

15 „ 

J 

r air at the ordinary temperature. 

5 

6 

86 

72 


92 

91 

3 

3 

5 

6 

20 „ 

20 „ 

1 

1 

Same sample, dried for 20 days 
' in air* 

7 

8 

97 

87 


95 

95 

, 2 

2 

3 

3 ■ 

15 „ . 

16 

) 

1 

j. Last sample moistened* 


The conclusions to be drawn are i • 

1. Lead peroxide, when freshly washed, causes practically no 
combination of sulphur dioxide and oxygen, hence its suitability for 
determining sulphur dioxide in gas analysis. 

2. After standing for some time in the air, it becomes capable of 
causing the union of sulphur dioxide and oxygen. 

3. Samples which have once acquired this property do not lose it at 
once on moistening. 

We have frequently noticed, during gas analysis, that unless the lead 
peroxide is freshly washed, there is always a disappearance of oxygen 
even ^fter moistening* This is in agreement with the results of ex^ 
periments 7 and 8. 
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A tliird series of experiments was now carried out, to find out how 
far this surface action was a general property of the metallic oxides. 


Table III. 


I 

*o 

6 

"o 

o 

02 

o 

'o 

•xs 
® . 

•sS 

02 

ns 

03 

C* WJ 

O g 
^1 

B 

o 

d’|“ 

CO g 

Time of 
exposure. 

_ Substance used. 

1 

2 

8 

4 

5 

6 

7 

8 
d 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 

67 

77 
92 
81. 
84 

94 
89 

124 

81 

66 

5r 

95 

1 90 

i 82 

1 92 
82 

i 

78 
73 
88 
77 

100 

>> 

9» 

t> 

fJ 

»» 

>? 

1} 

>> 

7f 

>> 

ti 

ff 

}} 

>> 

fi 

ft 

99 

99 

39 

88 

100 

93 

78 

85 

98 

90 

89 

4 

5 

96 

94 

55 

73 

74 

80 

81 

70 

41 

61 

51 

12 

nil 

7 

22 

15 

2 

10 

11 

96 

95 

4 

6 

31 

14 

20 

16 

19 

27 

50 

36 

10 , 
nil 

»> 

99 

99 

99 

*9 

99 

99 

99 

99 

99 

14 

13 

6 

4 

nil 

8(?) 

9 

13 

18 hrs. 
16 mins. 
25 „ 

40 „ 

2 hrs. 

45 mins. 
20„ 

15 „ 

20 „ 

60 „ 

60 „ 

2 hrs. 

25 mins. 
30 „ 

30 „ 
iO „ 

30 „ 

25 „ 

20 

8 hrs. 

25 mins. 

Chromium dioxide, CrOj. 

\ Barium dioxide, moistened and 
/ dried 18 hours in air. 
\*Stannic^oxide washed with nitric 
/ acid. 

1 Chromium trioxide, CrOs, 
j- Barium hydroxide. 

j- Granular copper oxide. 

\ Aluminium hydroxide dried at 
/ 100". 

\ Chromium hydroxide dried at 
/ 100". 

1 Ferric hydroxide dried at 100®^ 
j-Same sample moistened. 

1 Ferric opside moistened. 


* On coming into contact with the sulphur dioxide, the stannic oxide became 
yellow in colour. 


These results show : 

1. That this surface action is exhibited only by the neutral per- 
oxides MnOg, PbOg, and OrOg, and by ferric and chromic oxides and 
hydroxides. 

2. This surface action is v^ry different from the ordinary oxidation 
of sulphur dioxide and of sulphites. Water, caustic potash, barium 
and aluminium hydroxides, and copper and. tin oxides have all been 
exposed to mixtures of sulphur dioxide and oxygen, but under the 
conditioi^s of these experiments no oxygen was taken up, although 
quantities of sulphur dioxide were in each case absorbed. 

All the oxides so far investigated have absorbed sulphur dioxide, 
but this absorption has not invariably been accompanied by the 
surface actiom 

The next point was to find out whether this surface action could 
take place in the cold, unaccompanied by any absorption of sulphur 
dioxide by the reagent used. 
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Haematite, platinised pumice, platinised asbestos, and finely-divided 
platinum (obtained by slov^ reduction by means of sodium formate 
acting in the cold) were all tried with negative results. In the last 
case, some absorption of sulphur dioxide occurred, due, no doubt, to 
moisture adhering to the platinum, but oxygen was not absorbed. 

We must, then, conclude that when this surface action takes place, 
it is dependent on a simultaneous combination of the oxide used with 
sulphur dioxide, and, in fact, seems to proceed simultaneously with 
this combination. 

Discussion of the Results^ 

In the case of chromic and ferric hydroxides, the action might of 
course be due to the formation of a sulphite with subsequent oxida- 
tion to sulphate, but it then becomes difficult to understand why the 
percentage of sulphur trioxide should be less in experiments 18 and 
19 than in experiments 16 and 17 in Table III; one would rather 
expect it to be the converse. 

We have sought for some reason why there should be more com- 
bination over manganese peroxide than over lead peroxide, and more 
ovei> lead peroxide than over barium peroxide. These three were 
selected because there can be no doubt that the reactions are simply 
the two already given, namely : 

MOg + SOg^MSO^; 2802 4 - 02 ^: 2803 . 

8urface conditions may account for the different amounts of sulphur 
trioxide formed, but we would suggest that the heat evolved by the 
combination of the sulphur dioxide with the peroxide may exert a 
considerable influence. The thermal data are : 

BaOg 4- SOg « BaSO^ 4- 1 24'6 Oal. 

Pb02 4-S02«:PbS04 4- 82*6 „ 

Mn02 4-S02-MnS04 4- 54*8 „ 

The second only is the result of direct experiment (Tscheltzow, 
Compt, rend.f 1885, 100, 1459), the others are calculated from the 
figures given in Berthelot^s Thermochimie (1897). 

It has long been suspected, and recently proved, that the condition 
most favourable for the formation of sulphur trioxide from sulphur 
dioxide and oxygen in presence of spongy platinum is that the heat 
of reaction shall be conducted away as rapidly as possible. In the 
cases before us, it will be noticed that barium and lead peroxides 
rapidly absorb sulphur dioxide (15 to 30 minutes only being required) 
and disengage large quantities of heat. This sudden development of 
a large quantity of heat is not favourable to the formation of sulphur 
trioxide. Manganese peroxide, on the other hand, if fairly dry, only 
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slowly absorbs sulpbur dioxide, and there is a smaller heat evolution ; 
this sloty^^ dissipation of a smaller quantity of heat favours the pro** 
duction of sulphur trioxide. If, however, the peroxide is moistened, 
its combination with the sulphur dioxide becomes more rapid and the 
heat is more quicMy liberated so, that the conditions are rendered 
unfavourable, and the percentage of sulphur trioxide diminishes, 

A mixture of sulphur dioxide and oxygen afEords an instance of 
** false equilibrium.^* There is no appreciable amount of combination, 
but if combination occurred, energy would be dissipated. The neces** 
sary factors for this seem to be certain conditions of surface and the 
constant addition of a limited supply of energy. Our experiments are 
interesting as showing that the latter can be supplied in the form of 
chemical energy from a simultaneous reaction, and need not be supplied 
in the form of heat. 

II. Expeeiments with Peied Substances. 

Haying found that the combination of manganese peroxide with 
sulphur dioxide ceases when moisture is absent, we proceeded to 
further test our conclusion that the formation of sulphur trioxide is 
dependent on a simultaneous combination of the peroxide with sulphur 
dioxide, by repeating some of the experiments given in Table I with 
carefully dried ,substancesi and found that the surface action also 
ceased, ^ there being no absorption whatever. 

The manganese dioxide was prepared by two methods, : * 

^ (<») Ignition* of carefully reorystallx^ed manganese, nitrate, the 
temperature being raised by slow Stages 'during 7 days to^ 120°, and' 
finally kept for 6 hours at 15^° 

(6) Precipitation « by Volhard*s method, manganese sulphate, nitric 
acid, and potassium permanganate beii^ allowed to react under the 
Conditions given in .Wright and Mente*s paper (Trans., 1880, 37, 
22). The precipitated oxide was digested with nitric acid, washed 
by decantation, collect^ by the aid of the pump, and dried at 100” 
In order to exclude dust during filtration, the funnel containing the 
substance was closed by a glass plate through which a hole had been 
drilled. A tube, fitting tightly through this, delivered air purified by 
passing through a long column of sulphuric acid. 

The oxides thus obtained were placed in porcelain boats and kept' 
pealed up in exhausted tubes , with phosphorus pentoxide. After' 
stan^g in a warm place for two or three weeks, th^y were introduced’ 
into the experimental tubes. 

The sulphur dioxide was prepared by heating a concentrated solu- 
tion of potassium hyixjgen sulphite. A very steady stream of the gas 
is thua obtained and is easily kept under control. 



347 


OF SULFHTO DIOXIDE AND OXYGEK. 

The apparatus, shown in figure 3, was oonstructed from glass tubing 
which had been carefully washed with' ‘fuming nitric acid bo remove 
dust and grease; after completion, it was again washed and then 
dried' by heating in a large flame and passing a current of dry air* 
The bulb, A, contained sulphur dioxide standing over distilled phos- 
phorus pentoxide, whilst B was filled with nitrogen and contained the 
manganese dioxide and more phosphorus pentoxide. The tap and stop* 
pers were lubricabed with deliquesced phosphorus pentoxide, and coated 
on the outside with a mixture of , beeswax and vaseline to keep moisture 


Fia. 2. 



away from the lubricant and ja'^vent sticking. The 
apparatus, with the tap closed, was allowed to stand 
for 16 days, and during this period the fluctuations of 
thegau^e 0, which of course were due to atmospheric 
changes only, were found to he' small. The tap was 
then opened and the sulphur dioxide allowed to dif- 
fuse into B, the temperature and pressure being 
noted. The' apparatus was left for a further period 
of about 16 days so as to give the sulphur dioxide 
ample time to react with the manganese peroxide, 
buti without result, as the gauge showed practically 
.no charige iri volume. 

(l),^^ay 19, apparatus filled. 

June 1, tap opened. Bar, 766'2 mm., temp. 19*4^ 

» 13, ,, ,, 764'6 ,, ,, 19*6*^ 

‘ * Eliminating the effect Au© to ther change in astmosphetfe cbhditiotm, 
we find that, as a matter of fact,- there is a slight increase in volume. 

^ (2). — May 19, apparatus filled. 

^ June 1, tap opened. Bar. 766*2 mm., temp. 19*4:'^, gauge 16*5 mm. 

r; » A 764*6 „ 19*6° „ 12*0 „ 

Here again the inoms© is slightly greater than it should have 
been.. , 
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(3) . — June 3, apparatus filled. 

June 16, tap opened. Bar. 762*2 mm., temp. 20*2® gauge 1*0 mm. 
„ 26, „ „ 765*6 „ „ 17-9'^ „ 0*0 „ 

In experiments 1 and 2, the oxide used was prepared by ignition ; 
in experiment 3 by precipitation. In no case was any diminution 
in volume noticed. The apparatus would readily indicate any diminu* 
tion, as a preliminary experiment had shown that when the materials 
were nob dried the mercury in the gauge rapidly rose, on one occasion 
to the extent o£ 450 mm. in one hour. 

Having shown that dry manganese peroxide is without action on 
dry sulphur dioxide, we proceeded to examine the effect of exposing 
dried mixtures of sulphur dioxide and oxygen to the dried peroxide 
and found that in no case did any diminution in volume occur, 
consequently no interaction took place. The same apparatus was 
used, but the bulb A was filled with a mixture of sulphur dioxide and 
oxygen whilst B contained oxygen instead of nitrogen. 

(4) . — June 13, apparatus filled. 

June 26, tap opened. Bar. 765*7 mm., temp. 18*2°, gauge 11 mm. 

July 4, „ „ 763*2 „ „ 18*0° „ 12 „ 

(5) . — June 13, apparatus filled. 

June 26, tap opened. Bar. 765*7 mm., temp^l8’2°, gauge 10 mm, 

July 4, „ ,, 763*2 „ ,, 18*0° ,, 

(6) .— July 4, apparatus filled. 

July 15, tap opened. Bar. 763*4 mm,, temp. 19*6° gauge 21 mm, 

,, 21, „ j, 761*8 ,, „ 20*4° ,, 19 ,, 

The conclusion cannot be drawn that the formation of sulphur 
trioxide hap ceased because the combination of manganese peroxide 
and sulphur dioxide has also ceased, for it may happen that when the 
materials are pure, contact action,” even with the addition of energy, 
is no longer effective in producing combination of sulphur dioxide 
and oxygen. This point was tested in the next series of experi- 
ments. * 

III. Combination op Sulphur Bioxide and Oxygbn in Presence 
OP Heated Platinum. 

This reaction affords a very good instance of the point we wished to 
investigate. In ordinary circumstances, the contact action of thje 
; plafeupdt, aided by the energy continuously supplied from the source of 
hruags about combination. Our object was to discover whether 
ba the case when care was taken to dry and purify 
all the is shown in Fig. 3. 
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The glass tube, A, contains platinised pumice, and is heated by 
means of a Ramsay burner to 400 — 460°. It is sheathed with a 
copper jacket and provided with asbestos screens to protect the rest of 
the apparatus from the heat. One end is fused on to the glass vessel 
B, which contains oxygen standing over mercury. B also contains a 
quantity of phosphorus pentoxide scattered about so as to coat the sur- 
face of the glass and mercury. The other end of A is fused on the vessel 
0, also of glass, filled with mercury and connected by flexible tubing 
with the reservoir D. 0 also contains phosphorus pentoxide covering 
the walls and the ground-in tube running from I to the bottom of 0, 
In case any air should leak in between the glass and the india-rubber 
tubing at I, a T-piece was inserted at E and connected with a pump* 
Any leakage could be at once detected and the air pumped out. The 
phosphorus pentoxide used was distilled in oxygen, and the mercury 
sent several times through a Meyer's purifying apparatus. 


Fio. 8. 




The sulphur dioxide stood over mercury and phosphorus pentoxide 
in the bulb Q provided with a tube dipping under the mercury into 
reservoir B* It was kept under diminished pressure, the mercury 
always standing several inches high in the delivery tube. The vessel 
H contained merctury, and by unscrewing the clamp the sulphur di- 
oxide could be driven out into B* 

The platinised pumice was prepared as follows ? platinum black was 
dissolved in aqua regia, and the solution evaporated to dryness on the 
water-bath, taken up with water, and filtered, ; Pumice broken into 
small pieces was boiled for 45 minutes with aqua regia, well washed 
with water, and dried over the Bunsen burner* It was soaked in the 
platinum solution, then in ammonium chloride solution, dried at 130°, 
and ignited over the blow-pipe in a clay crucible for 2 hours. When 
not in use, it was kept in exhausted tubes with phosphorus pentoxide. 
A sample of this platinum, tested in the apparatus before drying^ 
VOL. LXXVII, 00 
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showed a copious production of sulphur trioxide when sulphur dioxide 
and oxygen were passed over it. 

There were three stages in the experiment : 

IstStage^ Drying the Platinised Pumice and the Apparatus, — B was 
clamped firmly in position, A rested on supports, and 0 stood on 
smooth blocks, which were well oiled so as to allow a certain amount 
of movement as A expanded on heatingi 

After A had been heated for some hours, the reservoir I) was lowered^ 
drawing the mercury out of C, and causing some oxygen to> pass from 
B over the pumice to G. Any moisture brought away from A would 
be absorbed by the phosphorus pentoxide in G, The oxygen was then 
driven back into B, and this operation was repeated for one hundred 
times at intervals of one or two hours during the working day. This 
stage occupied about three weeks. 

2nd Stage. Introduction of the Sulphv/t Diosdde. The Reaction in the 
Dry State. — While the platinum and oxygen were being dried, the 
sulphur dioxide was drying in the bulb G, F was now connected with 
the pump and some of the oxygen withdrawn from B ] mercury was 
run from H into G, and the displaced sulphur dioxide entered B, the 
total volume being marked. After an bourns diffusion, the mixed gases 
were passed backwards and forwards over the platinum. In none of 
the three experiments carried out could any white fumes be seen, but 
this does not imply that no sulphur trioxide was formed, because there 
were probably very few particles of dust or aqueous vapour to act as 
nuclei of condensation,** Aitken having" shown that in the absence 
of these, fumes may sometimes not make an appearance. The proof 
that sulphur trioxide was not formed lay in the fact that there was no 
diminution in volume. To find out whether combination had altogether 
stopp^, or had only been retarded, we prolonged this stage in one 
experiment for 6 hours, but no concentration was obseryed, 

Zrd Stage. Introduction qf Steam. Tfis Reaction in the Mokt State, 
«-The tap F was connected with a vessel containing steam, and opened 
for an instant while some of the steam was drawn into A. White 
fumes instantly appeared and a considerable diminution in volume was 
observed* In one experiment, in which a large quantity of phosphorus 
pentoxide was present, this diminution fell off after a short time, but 
on introducing more water vapour a further diminution in volume was 
observed. . 


The details of one experiment are given, the results in the case of 
twp others being similar: 

about 260 0 . 0 . 

-4.ii£s'^«t^.i.4;'v:S«>Pbnr di03ide.. 65 „ 

i backwards and forward over pumice in A. 

■ Nil, 
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A.ftei* introducing steam and again passing over pumice in A. 

1st passage (10 mins.). Contraction 

2nd „ (Jhour), „ 

After 24 hours. „ 

More steam introduced and after further 
standing. Contraction 

Total contraction 

In no case did combination entirely cease. Although no contrac- 
tion cotild be observed after the dried gases had stood for 5 hours 
in contact with the heated platinum, yet an appreciable diminution was 
noticed when they had been in contact with it during 24 hours. It 
is, however, very difficult to dry platinised pumice completely, and 
our experiments, showing, as they do, the great influence of moisture 
on the velocity of the reaction, point to the conclusion that sulphur 
dioxide and oxygen will not combine in contact with heated platinum 
if moisture is carefully excluded. 


13 c.c. 
3 


29 

27 
56 „ 


}” 


Conclusions, 

(1) When a mixture of sulphur dioxide and oxygen is allowed to 
stand over certain metallic oxides at the ordinary temperature, com- 
bination takes place to a certain extent between the two gases, owing 
to the ** surface action exerted by the metallic oxide. 

(2) With the same oxide, the amount of sulphur trioxide formed 
depends on the extent of the surface of the oxide. 

(3) With the same oxide, this amount depends also on the state of 
the surface. It appears to be least with freshly precipitated oxides 
which are not yet dried, and to increase if the oxide has been mode- 
rately heated or kept for a long time so as to become dry, 

(4) The amount appears to be absolutely dependent on a simulta- 
neous combination of the oxide with sulphur dioxide, and in fact seems 
to proceed concurrently with this. Several oases have been ob- 
served in which sulphur dioxide was absorbed without any combination 
with oxygen, but no case could be discovered in which the two gases 
combined without a reaction taking place between the sulphur dioxide 
and the metallic oxide or other substance. 

(5) The most striking instance of this surface action is afforded by 
manganese peroxide, some 20 per cent, of the sulphur dioxide being 
converted into sulphur trioxide. If the materials are carefully dried 
by means of phosphorus pentoxide, no combination takes place, as even 
after standing for several days no alteration in volume can be detected. 
By drying the mixture^ combination of manganese dioxide and sulphur 

CCS 
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dioxide is thus prevented, as is also the surface action of the oxide 
vrhich brings about the union of sulphur dioxide and oxygen, 

(6) When sulphur dioxide and oxygen are passed over heated 
platinised pumice, combination diminishes as the materials are more 
completely dried, and can be made very small Hitherto it has been 
generally held that the ^‘contact action'* of platinum could bring 
about combination even in the absence of any impurity, but this does 
not appear to be the case in the present instance. 

The Owens College, 

Manohester. 


XXXIIL — Notes on the Estimation of Gaseous Compounds 

of Sulphur. 

By Edward John Russell. 

There are two chief difficulties attending the estimation of gases 
containing sulphur when only small quantities of the mixtures are 
available ; one arises from the fact that, during explosion with oxygen, 
sulphur trioxide is invariably formed in addition to the dioxide ; the 
other from the fact that, when absorption methods are used, other 
gases, and particularly oxygen, are absorbed. The first of these 
difficulties can be entirely overcome by introducing an equation allow- 
ing for the formation of sulphur trioxide ; the second can, in certain 
cases, be partially obviated by modifying the conditions of >bsorption^ 

In this paper, an account is given of methods which have been 
found to work satisfactorily for the estimation of the four com-* 
mon gases containing sulphur, namely, sulphur dioxide, hydrogen 
sulphide, carbonyl sulphide, and carbon disulphide, when only one of 
them is present in the gas mixture. If two or more are present at the 
same time, the methods will not always work well, 

I. Sulphur Dioxide. 

At the ordinary temperature and pressure, this gas does not obey 
Boyle's law, and hence volumetric methods are not available if its 
partial pressure is great. When, however, its partial pressure is less 
thsm one-third of the total pressure, good results can be obtained. 

Stdfhur dioxide being very soluble in water, all water in excess of 
^ the gases in the eudiometer must be removed, 

effected by allowing the moistened eudio- 
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meter, filled Trith mercury, to stand for some time, and then running 
off the drops of water which accumulate at the top. The gaseous 
mixture can now be introduced. 

Ahsofptim hy CauBtie Potash, Carbon Dioxide being absent , — ^Tbis 
method can be used in presence of oxygen when the amount of sulphur 
dioxide is not more than 20 per cent, of the whole volume, and the 
oxygen is well diluted with an inert gas. The following examples 
show the accuracy attained ; 



Present. 

Found. 

Present. 

Found. 

so, 

13 -03 

12-89 

20-00 

19-98 

0,.! 

18-18 

18-29 

17*02 

17-04 

Njj .......j 

68-78 

68-80 

62-98 

62-98 (by diff.) 


If larger quantities of sulphur dioxide are present, good results are 
not obtained. The solution used for absorption contains one part of 
caustic potash to two of water. Absorption is rapid and, after 
agitating two or three times, complete. Even when the gas remains 
in contact with the reagent for some time, there is no absorption of 
oxygen provided sujQSlcient inert gas is present. 

Absorption hy Lead or Manganese Peroxide, — Berzelius and Marcet 
iPhil,Trans,, 1813, 103, 186) first used lead peroxide to separate sulphur 
dioxide from carbon dioxide, and found the separation to be quantitative 
and complete in one hour. Bunsen Gasometry,^' Eng. Edition, 1857, 
84) recommends a bullet of manganese peroxide. Both act Very well, 
but Norman Smith and I have found (this vol., p. 342) that, if oxygen is 
present, some of it combines with part of the sulphur dioxide to form 
sulphur trioxide owing to the surface action of the peroxide, and thus 
the dioxide comes out too high. Lead peroxide exerts much less 
surface action than the manganese compound, and is therefore to be 
preferred. By carefully observing the following details, the surface 
action can be reduced to a minimum, and under favourable circum- 
stances is negligible. 

Oommoroial lead peroxide, after digestion for some time with warm 
dilute nitric acid, is well washed with water and dried between folds 
of filter paper, A cahe is thus formed from which small pieces 
are easily -broken off; these constitute the pellets” and act much 
better when obtained in this way than if prepared by heating the 
peroxide in a mould. It is essential that the peroxide should be used 
within a few days of this treatment. The pellet must be small and 
must be moistened with a drop of water, but it should remain quite 
firm and not be pasty, Absorption should be complete within five nr 
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ten minutes; if it takes longer than this, the analysis should bo 
rejected. 

Another difficulty lies in the tendency of the pellet to occlude other 
gases within its pores. In order to overcome this difl&culty, Bunsen 
recommends pouring syrupy phosphoric acid over the pellet, but this 
very much retards absorption, many hours or days often being neces- 
sary before it is complete. The same result can be attained without 
the use of phosphoric acid by sending over a small portion of the gas 
into the laboratory vessel and introducing the pellet ; in a short time, 
equilibrium is set up between the pellet and the gas from which the 
sulphur dioxide is to be abstracted. This portion is now drawn off 
and the main portion sent over. In order to be certain that all the 
sulphur dioxide is removed from the eudiometer, the gases should be 
returned to the eudiometer and again passed into the laboratory vessel. 
The following experiments were made with lead peroxide : 



Present. 

Pound. 

Present. 

Found. 

SOj 

i 

197 

19*8 - 

i 

34-6 

34*4 

COj, 

80*3 

80-2 

66*5 

66*6 

SOg ...... 

12‘90 

13-10 

6572 

66-02 


87 76 

37-76 

9-27 

8*94 

Na 

49*36 

49-15 

86*01 

36*01 


Absorption by Chromic Acid This operation is carried out 

in a Hampers pipette. 10 grams of chromium trioxide ai-e dissolved 
in 150c.c. of a saturated solution of calcium chloride and the whole 
introduced into the pipette. The gases are allowed to stand over it 
for 10 minutes, absorption being then complete. The calcium chloride 
is necessary in order to diminish the solubility of the carbon dioxide. 
The following results have been obtained : 



Present. 

Found. 

Present 

Found. 

so, ...... 

18 '6 

18-3 

46-0 

46-2 

COj, ..... 

87-3 

87 -5 

40*2 

40*0 


Of these three methods, absorption by lead peroxide is by far the 
best. 


'II^ HYBRocffiN HunrmnB. 

. M ferrous sulphide with sulphuric 

!^^':and'hhxpuigh .oalduaj,' chloride hoto' 







OF GASEOUS COMPOUNDS OF SUUPHUB, 365 

a bulb surrounded by solid carbon dioxide, where it very rapidly con- 
densed to a clear and colourless liqtdd, any hydrogen present being 
thus removed. When several c.c. had collected, the bulb was removed, 
and the liquid allowed to volatilise. It was noticed that the earlier 
fractions of the gas caused the surface of mercury over which it was 
stored to become tarnished in a day or so, but that with later fractions, 
the surface remained bright for weeks. It appears then, that, contrary 
to the usual statement, pure hydrogen sulphide does not cause the 
surface of mercury to become blackened. 

Absorption by Lead Peroxide, — Precipitated lead peroxide (washed 
with nitric acid), when not too dry, absorbs the gas very quickly,* but 
cannot be used in presence of oxygen or of carbon dioxide, either of 
these being absorbed simultaneously with the hydrogen sulphide. The 
reaction, according to my results, is apparently : 

PbOg + HgS « PbO + HgO + S. * 

The lead oxide thus formed readily absorbs carbou dioxide and 
hydrogen sulphide ; 

18‘4 vols. HgS and 33*6 vols, OOg gave an absorption of 25*4 vols. 
28-8 „ HgS „ 48 „ COg „ „ 46*8 „ 

when lead peroxide was used. This absorption of carbon dioxide does 
not take place if the pellet is moistened with phosphoric acid, but, as 
already remarked, the absorption in any case becomes so slow that the 
method is totally inapplicable whenever time is any object, 

Manganese peroxide behaves in a precisely similar manner. 

Absorption by Caustic Potctsh — Oaustic potash, also, is not a usefu 
absorbent for hydrogen sulphide, owing to the ease with which potass- 
ium sulphide takes up oxygen* If sufficient zinc sulphate has been 
added to the caustic potash, this absorption of oxygen is very much 
reduced, but the reagent cannot be relied upon to give very satis* 
factory results, as the following analyses made with it show : 



Present, 


Present, 

Fonnd, 

HgS 

27-2 

28 

27*7 

27-7 

Oj,.,.. 

19-2 

18*4 

es 

88 


72-e 

• 72-8 

— 

— 


The action of lead hydroxide suspended in potash is even less 
accurate, 

Estimation by Explosion with Air and Oxygen, — ^This is the method 
^ Apparently absorption is retarded when too much water is present. 
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most generally applicable. In the explosion, some sulphur trioxide is 
nearly always formed ; we have therefore to deal with two reactions : 


+ SOg = 2H2O + 2SO3 
+ 2O2 =. HgO + SO3. 

If X is the part burning to HgO and SOg, 


2HgS 
HgS 


and y „ „ 

Then the contraction 
oxygen used 
and SOft formed 


HgO 

3x/2 

Sf2x 


3> 


SOj 

2yt 


X and y can thus be found, and their sum gives the quantity of 
hydrogen sulphide present. If the mixture will not explode, carbon 
monoxide and oxygen may be added. 

Mixtures of hydrogen sulphide and oxygen (diluted with air), on 
explosion, gave the following percentage results : 


pTfif^ent 

4*67 

8*02 

9*8 

U-6 

18-67 


474 1 

8*04 

9*6 

14*8 

18*43 

jijS found j 


In the first three eases, explosion was brought about by adding 
carbon monoxide and oxygen. 

Combustion proceeds quite smoothly when the gas is sufiiciently 
diluted. There must, of course, be an excess of oxygen, and to every 
volume of explosive mixture there should be — 2 volumes of inert 
gas; With a view to further testing the method, mixtures of hydrogen 
sulphide, carbon dioxide, oxygen and nitrogen were analysed : 
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Found. 

1 

Present. 

Found, 


18-40 

12-91 

20*94 

21*12 


25-18 

26-39 

38*66 

83*41 

oJ....... 

32-82 

83-28 

23*66 

23*37 



Nj, 

28-63 

28-42 

21*94 

22*10 


III, Carbonyl Sulphide. 

Ahsorptim by Alcoholic Potash , — Alcoholic potash is usually quoted 
as the best absorbent, but is not of wide application since many gases, 
although not absorbed by caustic potash, are soluble to some extent 
in the alcohol present, Thus the method cannot be used for separating 
sulphide from carbon monoxide. Again, as potassium 
when carbonyl sulphide reacts with either aqueous 
or ^^^.iU^hod cahnot be used in presence of oxygen, 

If oxygeu is absent, 
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a solution of 1 part of caustic potash in 4 parts of water absorbs the 
gas rapidly, and gives good results ; addition of more potash retards 
absorption : 


nn 

Present. 

Found. 

Present. 

Found. 



27-5 

62-53 

62-67 




47 ■47 

47-33 


In presence of oxygen, very fair results can be obtained by using a 
solution of 1 part of caustic potash in 4 of water, containing excess of 
freshly precipitated zinc hydroxide in suspension. 



Present. 

Found. 

Present. 

Found, 

COS 

31 

81 -1 

48*4 

43*6 

Air 

81-8 


198*6 



Unless the oxygen is as much diluted as in air, some of it is always 
absorbed and the result is too high. 

Other oxides (for example, lead oxide), suspended in caustic potash, 
potassium hypobromite, <fec., do not act so well. 

Mcmganm peroxide and lead peroxide do not absorb carbonyl sulphide, 
but in presence of moisture partial hydrolysis takes place with forma- 
tion of carbon dioxide and hydrogen sulphide. Attempts to separate 
sulphur dioxide or hydrogen sulphide from carbonyl sulphide by 
means of these reagents did not usually give satisfactory results. 

Eatimaiion hy Explosion with This method is the one most 

generally applicable, being in fact the only one which can be used in 
presence of carbon dioxide. 

When carbonyl sulphide is exploded with excess of oxygen in a 
long tube so that the explosion wave is set up, the products are of a 
complicated character, and contain carbon monoxide, unohanged 
carbonyl sulphide, and sulphur, as well as carbon dioxide, sulphur 
dioxide, and sulphur trioxide. 

If, however, the explosion takes place in a eudiometer under 
diminished pressure, the only products are sulphur trioxide, sulphur 
dioxide, and carbon dioxide, unless the explosion is violent, in which 
case some sulphur escapes combustion and is deposited, and part of 
the nitrogen unavoidably present is oxidised. Whilst oxidation of 
the nitrogen and deposition of sulphur can be prevented by sufficiently 
diluting the explosive mixture with air, it has not been found 
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possible to avoid the formation of .sulphur trioxide ; * a separate 
equation must therefore be introduced as in the case of hydrogen 
sulphide. The method of calculation is as follows : 

Let X be the part of the carbonyl sulphide burning to OOg and SOg, 

and y „ ,, « » OOg ?, SO^j. 

Then contraction =» a;/2 + 2?/, 

SOg found after explosion ss as, 

These two being known, both x and y can be found, and thus 
x-k-^y, the total carbonyl sulphide present, is known. Since this pro- 
duces its own volume of carbon dioxide, the amount of carbon dioxide 
originally mixed with the carbonyl sulphide can be found by sub- 
traction. 

If oxygen is also present, its amount is found by adding to the 
oxygen left after explosion the amount required for combustion of 
the carbonyl sulphide (namely, S/2£r + 2y), and of any other com- 
bustible gases present, and subtracting from this total the amount of 
oxygen added. 

When the amount of carbonyl sulphide is small, an explosion can 
be brought about by adding a mixture of carbon monoxide and oxygen. 
The best results are obtained when at least two volumes of inert gas 
are present for every volume of combustible gas. On sparking, the 
flame travels slowly down the tube, and dense white clouds are seen. 
After allowing the gases to cool for half an hour, the contraction is read, 
the sulphur dioxide estimated by means of a pellet of lead peroxide, 
and the carbon dioxide and oxygen in the usual way. 

Mixtures of carbcnyl sulphide and oxygen, on explosion with air, 
gave respectively:! 1*79, 14‘2, 26*9 per cent, of carbonyl sulphide, instead 
of ll‘86, 1A5, 27'3 per cent. 

Soine more complex mixtures were made up and analysed ; 
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Found. 

cos 

9-6 

9*7 

1316 

38*48 

COa 

16-2 

16*0 

13*42 

12-77 

SOq 


— 

8*71 

8-78 

CO ...... 

8*5 

8-6 

12*69 

12-81 

0.. 

44-4 

441 

10*88 

- 10-82 

iNg 1 . 

21*3 

21*7 

41*24 

« -61 


The nitrogen was estimated by difference, and the carbon monoxide 

the combustion products of carbon disulphide (Bixou and 
^00) should be noted. Carbonyl sulphide further re- 
phosphorescent combustion before 
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by absorption, in a separate sample which had been allowed to stand 
over caustic potash. 

IV. Cabbon Disulphide. 

The only useful absorbent for the vapour of this substance is 
alcoholic potash, and the application of this reagent in gas analysis, 
for reasons already stated, is very limited. 

Explosion with oxygen gives good results. Dixon and Russell have 
found that in a short tube the products consist of carbon dioxide, 
sulphur dioxide, and sulphur trioxide. Applying the equations as in 
previous oases. 

If a; represents the part burning to COg and SOg 
and » COg ,, SOg 

then contraction =« a; + 4?/ . 

BO^^xJ2 
Total OSg«»£o-l- 2 /. 

The results obtained by explosion are very accurate. 

Pedler (Trans., 1890, 57, 625) attempted to estimate carbon 
disulphide by explosion with oxygen, and found his figures did not at 
all agree with those calculated from the equation : 

CSg + 30g =5* COg 4* 2 SO 2 . 

He suggested that the discrepancy might be due to oxidation of 
nitrogen, and the resulting oxides combining with the sulphur dioxide 
and steam present to form lead chamber crystals, though he only 
seems to have experimentally shown a disappearance of nitrogen in 
two cases. 

Fortunately, Pedler published all his analytical data, and I have 
calculated from these the composition of the mixture, using the equa- 
tions given above, The agreement between the values found and the 
quantities ori^Eually taken show that his suggestion is probably wrong, 
and that his results are consistent with the equations given above. 

The following table contains, in the first three columns, Pedler^ s 
experimental data, in the other three columns, my results calculated 
from them. The carbon dioxide and the carbon disulphide should be 
identical in volume; the difference represents Pedler*s experimental 
error. The value of the method would, of course, be destroyed if it 
were necessary to make use of the carbon dioxide determination to 
calculate the amount of carbon disulphide present, but obviously a 
calculation of the amount of carbon disulphide from the sulphur 
dioxide alone gives results which are too low. The discrepancy 
becomes even greater when we bear in mind that Pedler estimated, 
sulphur dioxide by means of a bullet of manganese peroxide, whicl| 
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causes some sulphur , dioxide to combine with part of the excess of 
oxygen, thus producing a greater decrease in volume than is accounted 
for by the amount of sulphur dioxide present On the assumption 
that 6 per cent, of oxygen is absorbed (which represents a very fair 
average, see preceding paper), the columns marked corrected ” have 
been calculated ; these, of course, are simply given as an indication, 
as there is no means of finding out what was the amount of oxygon 
actually absorbed. 


eSa 

taken. 

COa found. 

JSOa found. 

Corrected 

SOg. 

eSa 

calculated. 

Corrected 

eSa* 


re *27 

6*83 

6*23 

6-88 

6*45 

6*19 


16 -26 

6*28 

5*79 

5*44 

6*34 

6*08 


4-97 

4-77 

4-68 

4*38 

4*94 

4*72 


U *82 

4*67 

4*4 

4*2 

4*72 

4*57 

oj 

f 4‘60 

4*48 

' 4*17 

3*92 

4*59 

4*41 


[ 4*67 

4*56 

4*4 

4*2 

4*70 

4*55 

1 

' 5 '70 

6*85 

5*42 

6*12 

5-96 

1 6*73 

<vi 

4*22 

4-00 

3*91 

3*66 

4-25 

4*07 


4*06 

4*09 

3*89 

3 ’64 

4*25 

4*06 

\ 

. 5 T 7 

5*12 

6*0 

4*7 

5*42 

5*10 

s 

4-18 

4*22 

■ 3*99 

3-75 

4*38 

4*12 


Had Fedler used lead peroxide instead of manganese peroxide, the 
“ corrected ” columns would not have been necessary* 

If we reject all cases where the experimental error was large, that 
is, where the numbers for the carbon disulphide taken and the carbon 
dioxide found do not nearly coincide, it will be seen that the values 
for the former come out fairly well. 

Mixtures of several gases, each containing sulphur, cannot generally 
be analysed by explosion, unless the amounts of one or more of them 
are known* Each new gas introduces, of course, two new unknown 
quantities — ^its share of the sulphur dioxide and its share of the sulphur 
trioxide — ^and a sufficient number of equations may not be obtainable* 
For instance, mixtures of carbonyl sulphide, carbon disulphide, and 
carbon dioxide cannot be analysed by explosion. Absorption methods 
not being very reliable, no general scheme can be laid down for analysis, 
and each mixture must be treated as a special case. 


Messrs, Herman Smith and Hicoll have made some of the analyses 
in this paper, and I wish to tender to them my best thanl^S 







COMBmATtON OF DBY CARBON MONOXIBB AND OXYOEK. S6l 

.—Influence of the Nascent State on the Comhma^ 
lion of Dry Carbon Monoxide and Oxygen. 

By Edward John Russell. 

So large a number of pairs of substances are known which require the 
presence of traces of a third substance before they will combine, that 
there does not seem much reason for adding to their number in the 
present state of our knowledge. It is, however, both of interest and 
of importance to find out how far the action of the third substance is 
modified when the conditions are varied ; when, for example, high 
temperatures are introduced, or one of the pair of substances is in the 
nascent condition. Some experiments bearing on this form the sub- 
ject of the present communication. The example chosen for investiga- 
tion was the very well known one of carbon monoxide and oxygen. 

Some time ago, it was shown by Professor Dixon and the author 
(Trans., 1897, 71, 606) that when carefully dried mixtures of carbon 
monoxide with excess of chlorine peroxide were sparked, an explosion 
took place, but a large part of the carbon monoxide was not affected 
thereby, and the chief reaction was simply the ordinary explosive 
decomposition of chlorine peroxide, thus : 

aClOjj -= Olg + 2O2. 

Although an excess of oxygen was present in the nascent condition 
and at a high temperature, it nevertheless failed to attack more than 
one-half to one-third of the carbon monoxide present. 

The author has since studied several other reactions in which carbon 
monoxide and oxygen are brought together in the flame of an explosion, 
one of them being in the nascent condition. 

It is not possible to completely separate the two factors nascent 
condition and high temperature, because the nascent state implies that 
a reaction is going on, and a reaction that proceeds with explosion 
develops a considerable amount of energy. The amount of energy 
developed can be varied, however, by varying the reaction, by 
keeping the nascent condition constant, some idea can be obtained 
the relative influence of the two factors. 1 

The substances used as sources of nascent oxygen were chlorine 
monoxide and chlorine peroxide ; and, as sources of nascent carbon 
monoxide, carbonyl sulphide, and nickel carbonyl. 

I. InUfactim of Oxygen and N’aecent Carbon Monoxide. 

(a) Combustion qf Carbonyl /SwZjpAtds.— Than showed in 1867 (Annaleny 
Supply 6, 236) that when carbonyl sulphide is passed through a heated 
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tufaej it decomposes into carbon monoxide and sulphur, Berthelot 
(Compt rend., 1878, 87, 573) mentions a second decomposition repre- 
sented by the equation : 

200S - eOjj + OSg, 

but the only evidence he gives is based on thermal considerations, 
which show that such a reaction would proceed with development of 
heat. It is true that if carbonyl sulphide, as ordinarily prepared, is 
passed through a glass tube heated to redness, much carbon disulphide 
is present in the escaping gases, but I h.nd that if the carbonyl sulphide 
is previously purified by passing either through ; triethylphosphine or 
over wood charcoal, no carbon disulphide can be detected in the pro- 
ducts of decomposition.^ In these experiments, the temperature was 
varied from about 200° to a bright red heat, and the main reaction 
was found to be expressed by the equation : 

COS = CO + S. 

For the purpose of these experiments, the carbonyl sulphide was 
prepared by Klason’s method (J. pr. Chem,, 1887, [ii], 36, 64). A 
mixture of 290 c.c. of concentrated sulphuric acid with 400 c.c, of 
water was cooled, 60 c.c. of a solution of potassium thiocyanate satu- 
rated at the ordinary temperature were added, and the whole heated to 
25° on the water-bath. Carbonyl sulphide is slowly evolved without 
any frothing taking place, and can be collected and stored over sul- 
phuric acid. The impurities invariably present are carbon dioxide, 
carbon disulphide, and hydrogen sulphide ; hydrogen cyanide is absent 
if pure potassium thiocyanate is used in the preparation* 

The carbon disulphide was removed by ignited wood^ charcoal, the 
carbon dioxide by caustic potash, t and the hydrogen sulphide either by 
means of mercuric oxide or by long standing over sulphuric acidU 
When the gas so prepared is mixed with excess of oxygen (2 volumes) 
in a eudiometer and sparked, a violent explosion takes place and the 
products are carbon dioxide, sulphur dioxide, sulphur trioxide, and 
some sulphur. 

If the removal of hydrogen sulphide has been made more complete 
by leaving the gas for 2—3 days in contact with dry mercuric oxide 
(over mercury), and if the mixture with oxygen is dried for several 
days over phosphorus pentoxide, an explosion still takes place on 
sparking, but it is much less violent, and combustion is in no case 
complete. Even in presence, of the eoscess of oxygen, much sulphur is 
deposited, and carbon monoxide remains unburnt; in fact, when the 

QC. Ghim., 1882 , £ii], 37, 294 ) showed that wood charcoal 
n disulpbide from carbonyl sulphide, 
of canstic potash only slowly absorbs carbonyl sulphide, dilute 
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gas is transferred to another eudiometer and caustic potash added to 
absorb the products of combustion and any unchanged carbonyl sul- 
phide> a residue of gas is left which explodes violently on sparking* 

Analysis showed that, of the original carbonyl sulphide* 

about 50—60 per cent* was burnt, 

10 „ „ unchanged* 

,, 30 — 40 „ „ converted into CO* 

The purification was next carried a step further by leaving the gas 
for 3 weeks in contact with pure sulphuric acid instead of treating it 
with mercuric oXide. The gasholder used is 
shown in Fig, 1, and was made by sealing a 
tap funnel on to a glass wash bottle of 200 
c.c. capacity. 

The phosphorus pentoxide was carefully 
distilled in a stream of oxygen over red hot, 
spongy platinum as recommended by Shen- 
stone and Beck (Trans., 1893, 63, 475), and, 
in order to avoid contact with air, was dis- 
tilled directly into the eudiometers, which 
were constructed as shown in Fig, 2. 

Phosphorus pentoxide, introduced into the 
part a, is slowly volatilised, and carried by 
the stream of oxygen over red hot, spongy platinum at h to the 
cooler part of . the tube, where it condenses to a snowy mass and 
falls on to the surface of the mercury without adhering to the 
walls* The first portion can thus be rejected. The tube is now 

Fio. 2. 



heated at e and the oxide, instead of falling, ad- 
d rissKS heres as a compact mass to the heated wall* ihkm 

' a sufficiently large plug has been formed, 

is sealed at c, d is joined to the pump, and thb 
■ mercury drawn up to the requin^ height ; d is4hen 

sealed off, and we now have an ordinary eudiometer 

* containing some oxygen. After a few days the 

requisite amount of carbonyl sulphide is introduced by breaking the 
end of the delivery tube of the gasholder ‘ under the mercury and 
running a measured volume of sulphuric acid into the holder. The 
mixture was then allowed to dry for three weeks. ^ 

In some experiments, the carbonyl sulphide was left for some days 
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over ignited and purified charcoal before treatment with sulphuric 
acid, and the mercury used in the eudiometer was distilled in a 
vacuum. 

On sparking these mixtures, explosions usually took place, but in 
one case the flame died out about half-way down the tube, and in 
another there was no explosion. The general result obtained on 
analysing the products showed that 

25 — 40 per cent, was burnt. 

25 — 35 „ „ unchanged. 

30 — 40 converted into CO. 

It follows from these experiments that, as the quantity of impurity 
diminishes, 

(1) the amount of carbonyl sulphide unburnt increases, 

(2) the amount of carbon monoxide produced and left unburnt in- 
creases. 

The first of these conclusions indicates that pure carbonyl sulphide will 
not bum when sparked with oxygen ; this point will be further dealt 
with later. The second gives us the very interesting result that 
to a great extent carbon monoxide is not attacked by oxygen even 
when it is freshly produced in the flame of an explosion in presence of 
an excess, and sometimes a large excess, of oxygen. 

In this reaction, there is probably very little heat developed on the 
whole. Thermal data as given by different observers vary greatly, 
but it would appear that the splitting up of carbonyl sulphide into 
carbon monoxide and sulphhr requires addition of energy, and this 
would use up the heat derived from the 'combustion which does take 
place. 

I now proceeded to study the efiect of increasing the energy of the 
reaction by exploding mixtures of carbonyl sulphide, carbon disulphide, 
and oxygen, ^hese were made by adding known quantities of the 
gaseous mixture, CSg + SOg, to measured volumes of carbonyl sulphide 
with excess of oxygen. The effect of even a small addition of carbon 
disulphide is to diminish greatly the amount of carbon monoxide left 
unburnt. With 4 per cent, .of carbon disulphide in the mixture, 

per cent, of carbon monoxide was found unburnt. 

The energy was now increased in a different way, namely, by 
liberating carbon monoxide by the explosion of nickel carbonyl and 
oxygen— a reaction known to proceed with great development of heat. 

, (5) (JmrAustim of McM Cofrhonyl—mokQl carbonyl readily reacts 
^old, sometimes with violent explosion.^ The 

" some nickel carbonyl, when introduced into a eudiometer 

j^teury, caused so violent an explosion that the eudiometer 
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experiment was therefore carried out in a eudiometer with two chambers 
so that the two substances could be dried separately (Fig. 3). The 
nickel carbonyl was contained in a glass boat. After standing for a 
few days, the tap was turned so that the vapour of the carbonyl could 
diffuse into the oxygen ; after an hour, the tap was closed and an 
electric spark was passed, producing an explosion. Analysis showed 
that some carbon monoxide escaped combustion, but not more than 3 
per cent. The gases contained in the chamber A had the composition ; 

Og 36 per cent. 

^^2 >> 


It is interesting to compare these results with those obiained by 
Professor Dixon in his experiments on carbon monoxide (Trans., 1896, 
6©, 784). Slightly impure mixtures of carbon monoxide and excess 
of oxygen were sparked, a flame travelled down the tube, and on 




Fig. 8. 




analysis it was found that quantities of carbon monoxide varying up to 
50 per cent, remained unburnt. In another series of experiments, 
dried mixtures of carbon monoxide and oxygen were fired by means of 
carbon disulphide, and 13 per cent, of the carbon monoxide escaped 
combustion. [Notwithstanding the fact that in these experiments ordin- 
ary molecular carbon monoxide was employed, the results are strikingly 
similar to those I have obtained with nascent carbon monoxide. This 
similarity is brought out in the following table, which shows the maxi- 
mum amount of carbon monoxide left unburnt after explosion ; 



Reaction accompanied 
by small heat 
evolution. 

Reaction' accompanied 
by greater heat 
evolutiou. 

Reaction accompanied 
by still greater heat 
evointiom V 

Nascent 00 I 

40 per cent, in limit- 
ing exploaioi) of 
COS dud oxygen; 

9 per ceut in ex« 
plosion of COS 
and oxygen with 

4 per cent. CSj, 

8 per cent; in ex- 
plosion of Ni(CO)^ 
and oxygen. 

Molecular CO 

50 per cent, in limit- 
ing explosion of 
' CO and oxygen. 

18 per cent, in ex- 
plosion of CO and 
oxygen with 4 per 
cent. CS3. 



VOh. LXXVII. D D 
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The comparison must not be pushed too far j it is quite impossible td 
have exactly the same conditions in any two experiments with 
partially purified substances, but the general results given in the table 
suggest that : 

(1) The energy developed in the reaction has considerable influence 
in promoting the union of carbon monoxide and oxygen. This result 
may be simply due to the higher temperature to which the gaseous 
* mixture is raised. 

(*2) The nascent condition of the carbon monoxide has no very great 
influence. 

II, Interaction of Carlon Monoxide and Nascent Oxygen, Explosion 
of Ghlorine Monoxide and Carbon Monoxide, 

- This experiment was suggested during the discussion which fol- 
lowed the reading of the joint paper of Professor Dixon and myself in 
1897. It was urged that “ nascent ” oxygen obtained in the decom- 
position of chlorine peroxide (used in the experiments in that paper) 
was not strictly atomic, and that a better oxide to use would be chlorine 
monoxide. 

This has now been done, although the experimental difficulties 
proved to be considerable. I find that when dried mixtures of carbon 
monoxide and excess of chlorine monoxide are sparked, there is a 
violent explosion, but from S — 10 per cent, of the carbon 
monoxide remains unburnt. This is a much smaller quantity than 
was left in the case of the chlorine peroxide explosions (50—70 
per cent.) ; it must, however,, be borne in mind that a consider- 
able amount of oxygen was present in the latter, and the results of 
the preceding section lead us to expect that the oxygen, by dimi- 
nishing the intensity of the reaction, would increase the percentage of 
carbon monoxide unburnt. Another difference between the two 
cases lies in the fact that the explosion of chlorine monoxide is more 
violent than. that of the peroxide, and a third is that in one case the 
‘ nascent ' oxygen is strictly atomic whilst in the other it is not. 

The preparation of chlorine monoxide is not dangerous if the mate- 
rials and apparatus are carefully freed from organic matter and no 
indiarubber connections are used. Chlorine, generated by acting on 
reerystallised potassium dichromate with pure hydrochloric acid, is 
passed through water, sulphuric acid, and two tubes containing anhy- 
drous copper sulphate on pumice cleaned by treatment with aqua rCgia, 
and finally over precipitated mercuric oxide which has previously 
bean at 400°. All parts of the apparatus were 

seaM tpgeth^, and the delivery tube ground into the neck of the 
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The mercuric oxide is kept surrounded by ice ; in my experiments it 
was prepared by adding caustic potash to a hot dilute solution of mer- 
curic chloride which had been purified by dissolving in alcohol and 
reprecipitating by addition of water, ^ 

Prolonged drying is absolutely essential for the production of 
chlorine monoxide. If the experiment is properly carried out, chlor- 
ine is absorbed for about an hour, and then chlorine monoxide is 
evolved, a fairly large yield being obtained, although the operation is 
slow, i No change in colour is observed in the solid contents of the 
tube, but as soon as air is admitted the solid darkens. On shaking it 
into dilute hydrochloric acid, there is a lively efiervescence and some 
metallic mercury separates out ; whatever the reaction between chlor- 
ine and mercuric oxide may be, it seems to involve something more 
than the simple formation, of either mercuric chloride or mercuric 
oxychloride. 

" . ■ ' Fia, 4. ■ 



If, however, the mercuric oxide has not been sufficiently dried, it is 
converted into a white mass and the gas obtained is chiefly oxygen 
with but little chlorine monoxide. 

The chlorine monoxide was condensed in a bulb surrounded by solid 
carbon dioxide. When a sufficient quantity had collected, the carbon 
dioxide was removed and the liquid allowed to slowly evaporate. 
The first portion that comes off is chiefly chlorine, later fractions are, 
however, explosive and finally nearly pure chlorine monoxide is 
obtained. The liquid is reddish-brown in colour and the gM Yery 
closely resembles diluted nitrous fumes. Great care must be exer^ 
cised in collecting samples of the gas j on one oecasion, the sample 
tube used was not quite free from dust, having been wiped out with a 
soft duster which left a few specks of cotton on the walls, and imme- 
diately the gas came in contact with these there was a violent explo-' 
sion which reached the liquid in the bulb, with the result that the, 
bulb and the beakers surrounding it were completely pulverised. This 
is, however, the only accident I have had ; if dust and organic matter 

■ * This affords a veiy rapid and easy method of purifying mercuric chloride, 

B B 2 



868 RUSSELL : INFLUENCE OF THE NASCENT STATE ON THE 

are carefully excluded, liquid chlorine monoxide cannofc be considered 
a dangerous body. 

Mr. E. E. Le Mare has kindly given me much assistance in the 
preparation of this substance. 

Reaction with Carbon Monoxide , — In the earlier experiments, mixtures 
of the two gases were made in the proper proportion, left to dry over 
distilled phosphorus pentoxide, and kept in the dark in an ice-chest. 
On sparking, no explosion took place. The contents of other tubes 
which had not been sparked were examined, and found to consist of 
carbon dioxide and chlorine, together with some unchanged carbon mon- 
oxide and chlorine monoxide.; there was no oxygen, and I could detect 
no carbonyl chloride. • At the end of 4 — 5 days, there was very little 
left of either carbon monoxide or chlorine monoxide. It follows then 
that at 0° and in the dark these two substances slowly react according 
to the equation : 

CO + oip = OO2 + OI2 * 

The two gases were therefore dried separately for about 2 days at 0° 
and then allowed to diffuse into each other for one hour, the bulb con- 


Fig. 5. 



taining the heavier chlorine monoxide being placed so that the gas 
flowed dwn into the other. The tap separating the bulbs was then 
turned off and an electric spark passed in each. Explosions took place 
and the products were collected and analysed : 

(1> Mixture before sparking; 1 vol. 00 + 2 vols. 01,0 (approxi- 
mately). 3 

to absorb 

OO 2 = 57, Og = 39, CO « 4 per cent. 

* This is, I believe, the only instance known of direct oxidfl+iAn 1 

monoxide at low temperatures. Eemsenhas shown that mixtures nf e 
oxi^ and oroue can be heated to temperaturrarwhioh om^mnil 
■ ^thout forming carbon dioxide. Thie action can rladiW 

KvTf ^loxide. The unsaturated character 
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(2) Mixture before sparking : 1 vol. CO + 2 vols. OlgO (approxi- 
mately)- 

Gases after explosion and absorption, of cblorine : 

COg — 60, Og = 35, CO == 5 per cent. 

In each case, about 6 or 7 per cent, of the carbon monoxide originally 
put in is left unburnt, although the drying was far from complete 
(30 hours only) and the explosion vigorous. 

III. Interaction of Nascent Carhon Monoxide with Nascent Oxygen^ 

This experiment was carried out in a manner precisely similar to 
that adopted by Dixon and Hussell (^cc. cit^. Chlorine peroxide and 
carbonyl sulphide were bubbled separately through sulphuric acid and 
allowed to mix, they were then passed into a eudiometer containing 
distilled ^phosphorus pentoxide. Pure chlorine peroxide, obtained by 
fractional distillation of the liquid, was used instead of the diluted gas. 
No cork or rubber connections were used in the apparatus, carefully 
ground-in glass connections being substituted.**^ 

The text-book method of preparing chlorine peroxide, namely, by 
the action of strong sulphuric acid on potassium chlorate, is dangerous 
and does not give a pure product. The method I adopted was essentially 
a modification by Schacherl {Annalen, 1881, 206, 68) of one described 
by Calvert and Davies (this Journ,, 1859, 11, 193), which I have 
always found to be perfectly safe. 115 grams of recrystallised oxalic 
acid were dissolved in 200 c.c, of water, the solution cooled, 100 c.c. of 
strong sulphuric acid added, and the whole allowed to cool so slowly 
that large crystals were formed.t 25 grams of finely powdered re- 
crystallised potassium chlorate were added, the mixture well shaken, 
and heated to 40 — 50° on the water-bath. The gases evolved — carbon 
dioxide, chlorine peroxide, and a trace of chlorine (Pebal and Schacherl, 
Armcden^ 1882, 213, 11 3)-*- were dried by calcium chloride and passed 
into a receiver cooled by ice and salt where the chlorine peroxide con- 
denses to a liquid having the colour of potassium dichromate. The 
liquid is comparatively^ stable, and I have repeatedly fractionated it 
without accident. It has, however, exploded under the following 
conditions; 

(1.) Contact with concentrated sulphuric acid. 

(2.) The mechanical shock occasioned by pouring fresh freezing 
mixture on to the. containing bulb. 

The explosions were violent ; in one case the bulb was ground to a 

The wires must be sealed into the wide part of the eudiometer ; explosions 
brought about by the spark are not propagated in the narrow tubes at the ends. 

t This is important, as when the cooling was rapid and the crystals small, the 
mixture frothed very much during the preparation* 
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fine powder, a duster wrapped round it torn to slireds, and a stout 
wooden box on which it was standing shattered. 

It is, however, perfectly safe to blow gases, for example, carbon 
dioxide, through the liquid or to shake it about in a narrow tube 
(3 mm. diameter). The gas has been caused to explode : 

(1.) By contact with organic matter, such as traces of impurity in 
sulphuric acid or phosphorus pentoxide. 

(2.) By scratching the tube containing it with a file. 

(3.) By shaking pieces of broken glass in it. 

The explosions, however, always stop at narrow tubes. 

The gas gradually decomposes over mercury, and is only slowly ab- 
sorbed by caustic potash or soda ; it will, in fact, bubble through solutions 
of these -without much loss, and a moistened stick of caustic potash 
requires to be left for 10 — 12 hours in contact with the gas to effect 
complete absorption. Undistilled phosphorus pentoxide is acted upon, 
giving a red substance; it becomes hot and has even caused an 
explosion. Pure phosphorus pentoxide, however, is not affected ; 
the gas can be kept over it for 2 — 3 days at 0° without much 
decomposition. 

The mixtures of chlorine peroxide and carbonyl sulphide were 
allowed to dry for 24 hours in the ice chest and then exploded either 
hy means of a spark or by heating in an air-bath ; the gases lost their 
deep green colour and became colourless. When the explosion was 
brought about by sparking, carbonyl chloride could always be detected 
among the products, its pungent odour being readily recognisable even 
in presence of chlorine and sulphur dioxide ; if the explosion were 
caused by gradual heating, I could neyer clearly detect any of the 
chloride. In other respects, the results were identical. The amounts 
of carbon monoxide obtained were : 

1 vol. OOS + 5| or 6 vols. ClOg JN'o 00 found 

1 „ -I- 4 or 4| ,, about 2 J — 4 per cent, of the 

COS is left as CO 

1 „ + IJ (rather less) vols. CIO 2 „ 20 per cent, of the 

COS is left as CO 

These results show that when carbon monoxide and oxygen are 
brought together, both being in the nascent condition and also heated 
by the flame of an explosion, combination is. not complete. If longer 
'drying of the chlorine peroxide were .possible, no doubt a larger per- 
^ntage of uncombined carbon monoxide would be found. 

v v v . ^ jpwre Omhonyt Sul^Mde iowct/tds Omgm* 

k ^ ' r . the purification of carbonyl 

is propoiHjiqn left^ u^ 
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mixtures of carbonyl sulphide with excess of oxygen are sparked. This 
can only be interpreted as showing that pure carbonyl sulphide will not 
explode on sparking with oxygen. So far, only one such sample has 
been obtained, and I have not found any method of purification which 
can be relied upon to give a sufficiently pure gas. In mixtures of 
carbonyl sulphide and nitrous oxide (which explode if not purified), 
after standing for some weeks over pure sulphuric acid, and for a 
fur;ther lengthy period over phosphorus pentoxide, an electric spark 
produces no explosion. On now decanting the gaseous mixture into 
another eudiometer, adding a drop of water, and passing a spark, a 
violent explosion takes place. 

Conclusions, ■ 

The conclusions to be drawn from the above experiments are 

1* Pure carbonyl sulphide will not explode if sparked with oxygen. 

2. If a small quantity of impurity is present, a flame traverses 
the whole tube on sparking the mixture, but combustion is not 
nearly complete; part of the carbonyl sulphide remains unburnt, 
and part is decomposed into carbon monoxide and sulphur, which 
likewise do not burn, although excess of. oxygen and a small quantity 
of impurity are present. As, however, this quantity increases, com- 
bustion rapidly becomes more complete. 

3. Mixtures of carbonyl sulphide and nitrous oxide require a 
larger quantity of impurity to cause combustion than mixtures of 
carbonyl sulphide and oxygen in the same circumstances. It seems 
probable that the quantity necessary for the latter mixture is also 
different from that required by mixtures of carbon monoxide and 
oxygen. 

4. The state of affairs following on a violent reaction — such as ex- 

plosion of carbon disulphide or chlorine monoxide, &c., has a very con- 
siderable influence in bringing about combination of carbon monoxide 
and oxygen. ^Whether this is a direct effect, or due to a heightening of 
the action of the <Hhird substance/* there is as yet little evidence. I 
can find no evidence that the nascent state, jper is very effective. 
When the conditions were made as nearly as could be the same, there 
did not seem to be a great difference between the behaviour of nascent 
carbon monoxide and that of molecular carbon monoxide as studied 
by Dixon. ^ ' 

Finally, I wish to thank Professor Dixon for much kindly help 
and advice given during the progress of this research. 

Tf an O^ENS OOLTiEOB, 

'"'■'.M } ''Manchester. ” * 
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XXXV ,— on the Refraction and Magnetic Rotation 
of Hexamethylene^ Chlorohexamethylene, and Di- 
chlorohexamethylene. 

By Sydney Young, D.Sc., F.R.S., and Emily C, Portey, B.Sc, 

A SPECIMEN of hexamefcliylene was obtained by one of us (Trans., 
1B98, 73, 932) by the long-continued fractional distillation of Qalician 
petroleum and was believed at the time to be pure. Its molecular 
refraction and magnetic rotation were determined by Dr. W, H. Perkin, 
sen,, and the data obtained by him were published in the paper. 

It was afterwards found (Trans., 1899, 76, 873) that the hexa- 
methylene could be partially, but not completely, frozen, and that it 
therefore contained a small quantity of another hydrocarbon, probably 
a heptane. By a series of fractional crystallisations, the hexamethylene 
was separated from the paraffin, and was finally found to melt practi- 
cally contantly at -h4-7° Dr. Perkin has redetermined the refraction 
and magnetic rotation of this pure specimen, and has very kindly sent 
us the results for publication : 


Hexamethylene, 

The magnetic rotation was as follows : 

Tempemtnre. Specific rotation. 
150° 0’960S 


Molecular rotation. 
5*664 


The calulated value for the molecular rotation is 1*023 x 6 »« 6*138 ; 
it will be seen, therefore, that the observed value differs from the 
calculated, being considerably lower. 

The refractive power is given in the following table : 



Index ot 

Specific 

Molecular 


refraction. 

refraction. 

refraction. 



A^-l 
d ’ 


.... 

1-42673 

0-54552 

46-824 

.... 


0-66503 

46-622 

H, .... 

1-43861 

Dispersion, 

0-66071 

Ha =1-276, 

47-100 


The temperature was 15° and the density d 1574° was 0*78224. 


redetermined the refraction and magnetic rota- 
of monochlorohexamethylene and dichlorohexa- 
18^^^^^ 932), because, although the rotation of 

he,. expected, and:that of' the, latter was. 
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about correct, the refractive values of both were higher than the 
calculated by nearly a unit. He points out tWt, generally, if the re- 
fractive value is high, the magnetic rotation is proportionately a good 
deal higher. The new results, however, confirm those previously 
obtained. 

By an error, the calculated value for 01 displacing H in the mole- 
cular magnetic rotation was given in the paper referred to as 1*558 
instead of 1*479 for the mono- and 1*391 for the df-displacement. The 
theoretical values for the two chlorine derivatives are therefore 
appended. 

The values obtained by Dr. Perkin are as follows : 

M<mochlorohexamethyUne^ 

Magnetic rotation : 

Temp. Spec. rot. Mol. rot. Previous result. Diff. 

13*5° 1*1171 7-601 7-478 0*023 

eOHg-Ox 1*023 6*138 

Cl disp. H as in monochloro-paraffins ... 1*479 

7*617 

Mean observed value 7*489 

Difference 0*128 

Refractive power : 15°/ 4° « 0*97923. 

At-J Previous 

/A 15". ^ • <^^^* numbers, Diff. 

1*45472 0*46437 55*027 54*989 0*038 

1*46307 0*47289 56*038 56*008 0*030 

1*46812 0*47805 56*649 56*604 0*045 

DichlorohexamUhyUne, 

Magnetic rotation : 

Temp. Spec, rot Mol. rot. Previous result* Diff*. 


13*5° 1‘2307 8*956 8*906 0*06 

60H2«6 x 1*023 6*138 

Olg disp, Hg as in OHgCljj 2*782 

8*920 

Mean observed value 8*930 

Difference 0*010 
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Befractive power; d 15:2°f4°=l’l&668. 



/t 16 * 2 “. 

^-1 
a ■ 

'-T-- 

Previous 

numbers. 

Diff. 

H. 

1*48556 

0-41619 

63-67.7 

63*659 

0-018 



.. 1*49467 

0-42400 

64-872 

64*853 

0-019, 


.. 1*60218 

0-43044 

65-867 

65*800 

0-057 


The values for the dispersion Hr — for monochlorohexamebhylene, 
1*622, and for dichlorohexamethylehe, 2* 180, differ but slightly frdm ' 
the corresponding values, 1*615 and 2*141, previously obtained; • 

TJnitbesity College, . ; i 

Bristol. 


XXXVL — Campholytic and Isolauronolic Acids.. 

By James Walker and William Cormack. 

In former papers (Walkei*, Trans., 1893, 63, 495 ; 1895, 67, 347), it 
was shown that when sodium ortho-ethyl camphorate was electrolysed 
in aqueous solution, an uhsaturated ethereal product was obtained at 
the anode in accordance with the following empirical equation : 

COgEt • COgNa + H^O - OgHig- OOgEt + 4 - NaHCOg. 


This ethereal product, when fractionated and hydrolysed, yielded two 
isomeric unsaturated acids of the formula OgHjg' COj^H, one of which, 
campholytic acid, was a liquid, and the others isolauronolic acid, 
a solid. These acids were also obtained by W. A. Noyes from 
‘/J-camphoramic acid {Amer, Ghm* 1894, 16, 505 ; 1896, 17, 421), 
and isolauronolic acid in particular has recently been the subject of 
numerous investigations, chiefly by Blanc and by W. H. Perkin, jun. 
By the action of alkalis on the dibromide of campholytic acid, a 
bromohydrocarbon is produced (Trans., 1893, 63, 502), a decomposi- 
tion which Fittig's researches have shown to be characteristic of 
a^-dibromo-acids. Noyes found that the dibromide of isolauronolic 


acid undergoes a similar decomposition when neutralised with sodium 
carbonate, and was therefore led to regard the two unsaturated acida 
as stereoisomeric, a view which is strengthened by his discovery that 
campholytic acid is converted on standing with mineral acids into 


^the isomeric isolauronolic acid. It is now generally admitted that 
blic apid. is an unsaturated acid with the double bond in the 
^^^^^^^^k^gard to the carboxyl group (Blanc, Ann. Thys. 

Perkin, Trans., 1898, 73, 810). 
ihe relationshijp of campholytic and iso- 
the- greatest' importance'' in- 
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determining the relative position of the carboxyl groups in the mole- 
cule of the latter substance, we adduce in the present paper some 
further data bearing on this point. 


Bhctrolysis of Sodium Ortho-methyl Gamphorate, 

Since hydrobromic acid was used by Walker in the production of 
isolauronolic acid from the ester COgEb, it does not follow that 

ethyl isolauronolate is a direct product of the electrolysis of sodium 
ortho-ethylhamphorate, for the isolauronolic acid, according to Noyes’s 
researches, might conceivably have been produced by the isomeric 
transformation of campholytic acid. In order to decide this point, 
we repeated the electrolysis of the alkali salt of a hydrogen ortho- 
alkyl camphorate. 

The sodium ortho-ethyl salt used in former experiments was the 
crude product obtained by the direct addition of sodium ethoxide to 
camphoric anhydride in presence of ethyl alcohol. This substance 
was liable to contain a little of the allo-ethyl salt, for experience with 
the corresponding methyl compounds had indicated that a perfectly 
pure ortho-alkyl salt is not produced by the direct addition of cam- 
phoric anhydride to sodium alkyloxide. To avoid any such source of 
uncertainty, we therefore in this case prepared pure hydrogen ortho- 
methyl camphorate, neutralised it with potassium carbonate, and 
electrolysed the potassium salt thus obtained. 

Crude sodium ortho-methyl camphorate was obtained by the direct 
union of sodium methoxide and camphoric anhydride in presence of 
methyl alcohol according to the directions given by Walker (Trans., 
1892, 61, 1089). The corresponding hydrogen salt was liberated by 
hydrochloric acid, and dissolved out in ether. The residue from the 
ethereal solution crystallised on standing, and the crystals were freed 
from a slight syrupy admixture by spreading on a porous tile. The 
melting point of these crystals was that of the pure substance 
being 77^. Purification of large quantities of the substance by re- 
crystallisation from most organic solvents is somewhat tedious (oom^ 
pare Wegscheider, Montaeh.i 1899, 20, 685), but we find that a single 
reorystallisation from 26 pen cent, acetic acid yields practically pure 
hydrogen ortho-methyl camphorate. Thus 13 grams of the crude 
crystals, on warming with 100 c.c. of 25 per bent, acetic acid, gave a 
solution which deposited 12*5 grama of crystals having the melting 
point 77®. 

The acid thus purified was dissolved along with the calculated 
quantity of potassium carbonate in about its own weight of water. 
Contrary to the behaviour qf the sodium ethyl salt on electrolysis, the 
potassium methyl salt was found to yield an ethex*eal product only 



376 WALKER AND CORMACK J 

with great difficulty. The chief reaction on the passage of an electric 
current is here the production of hydrogen at the cathode and oxygen 
at the anode with regeneration of the original salt. There is thus little 
loss of substance, but the quantity of electricity which must be passed 
in order to produce a given quantity of ethereal product is out of all 
proportion greater than the theoretical amount. We tried numerous 
variations of concentration, current strength, voltage, temperature, 
and size of electrodes, but always with the same result — the yield of 
ethereal product was constant, but extremely small for the magnitude 
of the current. It seemed to us possible that the difference might be 
due to. the salt electrolysed in the present instance being quite pure, 
whilst the sodium ethyl salt previously employed had been impure. 
We therefore prepared a solution of crude sodium ortho-methyl cam- 
phorate by direct union of sodium methoxide with camphoric anhydiude 
and submitted it to electrolysis, but no difference in the result was 
thereby obtained. It thus appears that the replacement of ethyl by 
methyl in this particular instance greatly increases the difficulty of 
obtaining an ethereal substance, the chief electrolytic action being the 
decomposition of water with production of oxygen and hydrogen. A 
current of 10 amperes for 45 hours produced only 85 grams of 
ethereal salts instead of the approximate theoretical amount of 2,800 
grams. The yield of ethereal product, however, when referred to the 
amount of potassium ortho-methyl salt electrolysed, amounted to nearly 
50 per cent, of the theoretical quantity. 

The ethereal product of electrolysis was subjected to fractional 
distillation, and in accordance with previous experience in similar 
cases, separated roughly into a fraction of high and one of low boiling 
point, ebullition beginning at about 190° As methyl isolauronolate 
boils at 204° under a pressure of 760 mm., the portion of lower boiling 
point was investigated for this substance. 10 grams of the oil 
mixed with 10 c.c. of methyl alcohol, 5 c.c. of water, and 10 grams of 
caustic potash, were heated on the water-bath for 1 hour* The 
bulk of the methyl alcohol was driven off by evaporation in an open 
vessel, and water was then added. The solution was next extracted 
with ether in order to remove any ethereal salt which had escaped 
hydrolysis, and acidified with hydrochloric acid, A dark green oil 
separated, which was at once taken up by ether, in order to remove it 
from contact with the mineral acid, the last traces of which were 
removed from the ethereal solution by washing with water. The 
crude acid obtained after evaporation of the ether was distilled with 
SteauEu A small quantity of an oil (campholytio acid) first passed 
over, and then a white solid crystallised in the condenser. The solid, 
after one crystallisation from light petroleum, was found to melt at 
135°, and prov^ to be isolauronolio acid* 
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Since none of the above operations would suffice to convert cam- 
pholytic into isolauronolic acid, it must be accepted that methyl 
isolauronolate is, along with methyl campholytate, a direct product of 
the electrolysis of potassium ortho-methyl camphorate. 

Optical InacUvity of Ccmpholytic and Isolauronolic Acids. 

The optical character of isolauronolic acid being of importance in 
determining its constitution, we examined in the polarimeter a 
saturated solution of the acid prepared by electrolysis, using methyl 
alcohol as solvent. No rotation could be detected with certainty, and 
a similar result followed the examination of a saturated aqueous 
solution of the sodium salt. The isolauronolic acid prepared by 
electrolysis must therefore be accounted optically inactive. 

The original campholytic acid derived from sodium ortho-ethyl 
camphorate by electrolytic decomposition was stated to have a specific 
rotation of [aji, -5®. This rotatory power is comparatively slight for 
a derivative of camphor, and it therefore appeared of interest to 
ascertain if it were real, or merely due to the admixture of a strongly 
active impurity with an inactive substance. ^ A certain degree of 
probability is lent to this view by the circumstance that the crude 
isolauronolic acid obtained by electrolysis is slightly active, and loses 
its rotation only on repeated crystallisation. 

Since campholytic acid is a liquid, the only method employed for its 
purification was fractional distillation, a process which is in general 
useless for removing the last traces of impurity from a liquid of high 
boiling point, unless very large quantities of material are available. 
In order to attempt the purification by another method, wo prepared 
a quantity of campholytic acid by electrolysis. An investigation of 
tbe salts of the acid showed that magnesium campholytate was 
susceptible of purification by recrystallisation from water. The crude 
campholytic acid from which the magnesium salt was prepared bad the 
specific rotation [a]D -9*6®. The magnesium salt obtained from this acid 
had also a well marked negative rotation. It was sparingly soluble in 
cold water, the saturated solution being of about 4 per cent, strength. 
The crude crystals were treated with successive small portions of hot 
water, allowed to cool, and filtered, the rotation of the filtrate being 
determined in each case. In three successive operations, the rotation of 
the filtrates in a 20 cm. tube were **6®, -2®, and - 1-2® respectively, 
showing that the active substance was being removed by the water. 
The residual crystals were then reconverted into the acid, which now 
showed a specific rotation [a]© - 2*7®. Crystallisation had thus reduced 
the rotatory power to one-fourth of that of the crude acid, and to 
about one-half of the value for the campholytic acid originally 
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prepared. With a sufiSciency of material to permit a thorough systematic 
recrystallisation of the magnesium salt, the activity would doubtless 
altogether disappear, that observed being apparently due to some very 
active impurity. This conclusion is justified by the fact that the cam'» 
pholytic acid which we succeeded in preparing from isolauronolic acid, 
is entirely destitute of optical activity. 

A portion of the campholytic acid purified by recrystallisation of 
the magnesium salt was converted into isolauronolic acid by warming 
with 25 per cent, sulphuric acid. The isolauronolic acid was driven 
over by steam, dried, and recrystallised from light petroleum, A 
12 per cent, solution of the acid thus obtained showed no rotation 
when examined in a 20 cm. tube by the aid of a polarimeter reading 
to 

It thus appears that isolauronolic acid, whether prepared by Blanc’s 
method from camphoric anhydride and aluminium chloride (Blanc, 
loc. ciL\ by the electrolytic decomposition of ortho-alkyl camphorates, 
or by the isomeric transformation of campholytic acid, is optically 
inactive. 


Transformation of Isolauronolic Acid into Campholytic Acid, 

Whilst the conversion of campholytic acid into isolauronolic acid 
may be effected with great readiness by the action of mineral acids, 
the reverse transformation has not so far been brought about directly. 
We have found it possible, however, to pass in an indirect way from 
isolauronolic acid to campholytic acid. 

Noyes (Amsr, Chsm 1895, 17, 427) ascertained that fuming 
hydrobromic acid acts on campholytic acid in presence of a little light 
petroleum to form a hydrobromide, OgHi^Br'OOgBE, from which oampho^ 
lytic add could be recovered by the action of alkalis and subsequent 
acidification. This bromo-aoid melted with decomposition at 98—100®, 
and on neutralisation yielded a small quantity of an indifferent com- 
pound, which we have proved to be a hydrocarbon. An ay^-acid like cam- 
pholytic acid would naturally assume the bromine in the /?-position on 
taking up hydrogen bromide, and Fittig has shown that ^S-bromo-acids 
yield hydrocarbons on neutralisation, SQ that the action affords a 
further proof that campholytic acid is an unsaturated acid with the 
. double bond in the a^-position. 

Noyes also studied the action of hydrobromic acid on isolauronolic 
acid, and on one occasion obtained a hydrobromide containing the 
amount of bromine for the formula OgBCx^Br^OO^H, and 
— 130®. This hydrobromide he considered to be the 
isolauronolic acid. He was, however, unable to 
a^Qond time, and although operating under a 
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great variety of conditions, always obtained a bromo-acid of lower 
melting point. 

We have repeated these experiments, since it appeared to us possible 
that some light might be thrown on the relation of the two isomeric 
unsaturated acids by the behaviour of the corresponding hydrobromides. 
Gampholytic acid (2 grams), on being shaken up with 5 c.c. of hydro- 
bromic acid solution saturated at 0% became crystalline after one 
hour, and the solid after recrystallisation from light petroleum was 
found to be identical with the hydrobromide of campholytic acid 
prepared by ISToyes. The melting point varied, according to the mode 
of heating, from 88° to 102°, and was always accompanied by darken- 
ing and evolution of gas. 

On treating isolauronolic acid under similar conditions, we found 
that the hydrogen bromide was much more slowly absorbed. After 
the acids had remained in contact for 7 days, the solid was found to 
contain the theoretical quantity of bromine, but the product, instead of 
being Noyeses acid melting at 127 — 130°, proved to be identical with 
the hydrobromide of campholytic acid. This result was repeatedly 
obtained, and finally we prepared a considerable quantity of the 
hydrobromide of campholytic acid by keeping isolauronolic acid in 
contact with hydrobromic acid solution, which was retained at the 
saturation point by the passage of a slow current of the gaseous acid. 
The addition of hydrogen bromide could be effected in this way in 
about 24 hours, the bromo-acid then containing the calculated quantity 
of bromine, and melting with decomposition at a little over 90°. 

The quantity of bromine in the bromo-acid was at first estimated in 
sealed tubes by Oarius’s method. We found, however, that the deter- 
mination could be effected much more simply by decomposing a 
weighed quantity of the acid with caustic soda, all the bromine in the 
acid being thereby converted into sodium bromide, the bromine in 
which was afterwards estimated by titration according to Yolhard*s 
method. Too high results are obtained if the acid is recrystallised 
from light petroleum alone, since free hydrogen bromide clings toihe 
crystals with remarkable persistence. This source of error may, how* 
ever, be easily avoided by washing the crystals with a small quantity 
of cold water prior to drying and recrystallisation. 

In order to prove that the bromo-acid obtained from isolauronolic 
acid is the hydrobromide of campholytic acid, we treated a quantity 
of it with excess of caustic soda solution. A small quantity of an 
indifferent oil separated as the acid dissolved, and this we removed by 
distillation with steam, the substance being extremely volatile. The 
steam distillate was extracted with ether, the ethereal solution dried, 
and the ether distilled off. The residual oil distilled completely 
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between 108° and 110° at the ordinary pressure, and gave the following 
figures on analysis : 

0-0484 gave 0*1540 00^ and 0*0542 H^O. 0 = 86^7 ; H=12*4. 

^ GgHi4 requires 0 = 87*3 ; H = 12*7 per cent. 

Krom its composition and boiling point, the substance is thus isolaurO’* 
Imey formed according to the equation : 

08Hi4Br*002m « O3H14 + COg + NaBr. 

The hydrocarbon showed no optical activity when examined in a deli- 
cate polarimeter. 

The formation of this hydrocarbon leaves no doubt that the bromine 
is in the j8-position, as one would indeed expect from the mode of 
formation of the bromo-acid. 

The solution of the sodium salt, from which the hydrocarbon had been 
removed by distillation with steam, was carefully acidified with hydro- 
chloric acid and the oil which separated at once, dissolved by shaking 
up with ether. After washing with water, drying, and distillation of 
the ether, an oily acid remained, which, on combustion, yielded the 
following numbers : 

0*1242 gave 0*3204 GO^ and 0*1030 HgO. 0 = 70*35 ; H = 9*21. 

OgHi^Og requires 0 — 70*13 ; H = 9*09 per cent. 

The acid had thus the composition of campholytic acid, and its iden- 
tity was proved by the conversion of a portion of it into isolauronolio 
acid by warming with 25 per cent, sulphuric acid. 

A 60 per cent, ethereal solution of the campholytic acid, prepared 
from isolauronolio acid by the above method > gave a rotation in a 
10 cm. tube which was less than a hundredth of a degree. The acid 
is therefore optically inactive. 

Syd/rohromide of iBolmironoUe Acid* 

Our first attempts to prepare the hydrobromide of isolauronolio 
acid were attended with but little success. If fuming hydrobromic 
acid is employed, the action proceeds in such a way that it is impossible 
to find a point at which the theoretical amount of hydrogen bromide 
has been taken up, and at which the isomeric transformation into the 
hydrobromide of campholytic acid is not yet effected. With weaker 
hydrobromic acid, however, the absorption is comparatively slow, and 
it was found to be possible, by stopping the action somewhat before 
the theoretical amount of hydrogen bromide had been absorbed to 
isolate the hydrobromide of isolauronolio acid. The manner of opera- 
ting which gave the most uniform results was as follows. The 
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isolanronolic acid was allowed to remain in contact in a test-tube 
with 50 per cent, hydrobromic acid in quantity little more than suffi- 
cient to cover it. The absorption, which is at first moderately rapid, 
is speedily retarded by the diminution of the strength of the hydro- 
bromic acid solution as absorption progresses, and apparently a weak 
acid is unable to effect the isomeric transformation. At the expiration 
of 24 hours, the solution was again brought to the saturation point 
by passing in hydrogen bromide, and the action allowed to proceed. 
This operation was repeated at intervals of 24 hours until the solid 
contained between 25 and 30 per cent, of bromine, the theoretical 
amount being 34 per cent. The crystalline mass then consisted 
chiefiy of the hydrobromide of isolauronolic acid along with a com- 
paratively small amount of untransformed isolauronolic acid. Now 
isolauronolic acid is much less soluble in light petroleum than its 
hydrobromide. If therefore the dried and washed crystalline mass 
is dissolved in the minimum quantity of this solvent, the first portion 
which separates out on crystallisation contains the bulk of the 
isolauronolic acid, and the residual liquid yields the practically pure 
hydrobromide. Thus a mixture which initially contained 28 per 
cent, of bromine, and melted at 127 — 130°, yielded a first crop of 
crystals containing 11 per cent., and a second crop containing 32 per 
cent, of bromine. Heating is to be avoided in the recrystallisation, 
as the hydrobromide tends to lose hydrogen bromide when warmed in 
light petroleum. The melting point of the substance prepared and 
purified in this way is 132 — 133°, the fusion being unattended by any 
appreciable darkening or decomposition. 

In order to ascertain if this bromo-acid were in reality the hydro- 
bromide of isolauronolic acid, we subjected it to treatment with 
caustic soda. As in the case of the isomeric compound, a small quan- 
tity of an indifferent substance was produced, but the acid precipitated 
from the alkaline solution by hydrochloric acid was solid, and not 
liquid as in the former instance On recrystallisation from light 
peftrolenm, the acid melted at 136°, and had the other properties of 
isolauronolic acid. A combustion resulted as follows ; 

0^0976 gave 0-26I2 OOg and 0-0842 HgO. 0 « 70*2 ; H « 9*5. 

OgH^^Og requires 0«= 70*1 ; 9*1 per cent. 

There is thus no doubt that the bromo-acid melting at 132° is the 
hydrobromide of isolauronolic acid, as that melting at about 100° is 
the hydrobromide of campholy tic acid. 

It is now possible to convert any one of the four following acids directly 
or indirectly into any other in the manner indicated by the arrows in 
the diagram, 

VOL* LXXVII. 
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Campholytic acid 23 Bromo-acid, m. p. about 100° 

I t CsH,,Br«CO^H 

Isolauronolic acid Bromo-acid, m. p. 132^. 


Isomerism of Gampholytic and IsohuronoUo Acids, 

Blanc has recently suggested (compare Noyes, Ser,, 1900, 33, 67) that 
campholytic and isolauronolic acids are structural isomerides, and has 
assigned to them the following formula based on th^e Perkin^ 
Bouveault formula for camphoric acid t 

CMeg 

p:cH, 

HgC CH-COaH 

Campholytic acid. 

The formula for isolauronolic acid is satisfactory, inasmuch as it 
readily accounts for its electrolytic formation, its general chemical 
properties as an ayS-unsaturated acid, and its optical inactivity* The 
formula for campholytic acid, on the other hand, whilst it accounts 
simply for the electrolytic production of the acid, must be rejected for 
the following reasons ; 

(1) Campholytic acid is not a j3y-aoid as the formula indicates, 
but an ayS-acid, as is proved by the production of isolaurolene, 03 Hi 4 , 
from its hydrobromide, and bromoisolaurolene, OgHigBr, from its 
dibromide. A y^y-acid under the same conditions would yield a lactone 
and a bromolactone respectively. ■ 

(2) An acid possessing Blanc’s formula has ah asymmetric carbon 
atom, and would in all probability be endowed with powerful optical 
activity, whereas campholytic acid is apparently inactive. 

(3) The hydrobromide of an acid having Blanc’s formula would he : 

- CMe^ 

HgCJ ^H-OHgBr 
. CH-COgH ' 

and it is inconceivable that such an acid could be formed from the 
hydrobromide of isolauronolic acid 

CMeg 

H2<p^CBr-CH8 

HgC CH-COgH 

br^sforination under the influence of hydrobromic acid in 


CMeg 

D-OJI, 

HjC C-COgH 

Isolauronolic acid. 
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All these difficulties disappear if we consider campholytic and 
isolauronolic acids to be stereoisomerides having the structural 
formula : 

CMeg 

HgO C-COgH 

Campholytic and isolauronolic acids. 

Here the acids are both represented as ajS-acids and optically 
inactive, in accordance with their actual behaviour. The difference 
between them would merely be caused by the methyl and carboxyl 
groups being in the one case on the same side of the double bond, 
and in the other case on different sides. The difference between 
the stereoisomeric bromides ; 

OMeg 

Had^GBr-OHs 
H^p— CH-OOaH 

would similarly be caused by these two groups being on the same 
or different sides of the plane of the ring. Thus the isomeric 
transformation of the acids themselves and of their hydrobromides 
can be easily explained. 

XTsUVEKSITY OOLLBOn, 

Dundee. 


XXXVII . — Configuration of the Camphoric Acids. 

By Jambs Walkeb and John K. "Wood. 

is g^erally agreed that the molecule of camphoric acid contains 
twd, ahd only two, asymmetric carbon atoms, that these carbon atoms 
are lihks iin a closed carbon chain, and that each of them hs^ a 
carboxyl group attached to it (compare Structure wiA 

chermsche Studim in der CamphergruppOt Helsingfors, I89S), It is 
further known that the asymmetric carbon atoms are not similar* to 
each other, so that there can be no optical inactivity by internal com- 
pensation. In order to distinguish between these two asymmetric 
atoms, we may employ the prefixes ortho^ and allo^, which are commonly 
used in application to the two carboxyl groups. Thus we shall speak 
of the asymmetric carbon atom to which the ortho-carboxyl group is 
attached as the ortho-carbon atom, and of that to which the alio- 
carboxyl group is united as the alio-carbon atom. 


E E 2 
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We may then express the possible stereoisomeric camphoric acids as 
follows, the letters R, L denoting the opposite configurations of the 
ortho-atom, and the letters R', L' the opposite configurations of the 
allo-atom : 



I. 

II. 

III, 

IV. 

Ortho 

E 

L 

E 

L 

Alio 

E' 

L' 

L' 

E' 


y. Inactive mixture, VI. Inactive mixture. 

According to this scheme, there should therefore exist four optically 
active camphoric acids and two inactive mixtures formed from the two 
pairs of optical antipodes. All of these isomerides are known, and 
the following table indicates their names and characteristic properties, 
the data being ohiefiy taken from Aschan {loc. dt). 

(i?-Caraphoric acid, Z-Camphoric acid, 

m. p. 187°. m. p. 187°. 

[a]^ 4-47-8° [a]i> -47-8° 

^-Camphoric acid, 
m. p. 204°. 


d-Isocomphoric acid, 
m. p. 171—172°. 
[a]D +47-1° 


Z-Isoeamphoric acid, 
m. p. 171—172°. 
[a]D ^47‘P 


i-Isocamphorio acid, 
m. p. 191°. 


The rotations given are true for 10 per cent, solutions of the acids 
in absolute alcohol, and although they may vary somewhat with the 
concentration and the nature of the solvent, the numbers given in all 
probability indicate the correct relative position of the various acids 
with regard to their optical activity. Since d-camphoric acid has the 
laiggst pcffiitive rotation, we must assume that it has the configuration 
consequently that ^camphoric acid has the configuration 
Mi'. The configurations RL' and LR', therefore remain for the 
formulse of the two active isocamphoric acids, but further information 
must be acquired before we can assign either of these to any particular 
acid. A conceivable mode of gaining the requisite information is as 
follows. Let one of the asymmetric carbon atoms, say the ortho- 
carbon atom, lose its asymmetry, the other remaining asymmetric. 
If, when this operation is carried out, the product from d-camphorio 
acid is identical with that fromi-isocamphoric acid, the configuration 
of the allo-carbon atom in these acids is the same ; if, on the other 
^nd, the product from d-camphprio acid is the optical antipode of 
acid, the allo-carbon atoms in these acids 

The cladffei?blysis of the sodium alkyl salts of the camphoric acid pi 
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affords a simple method of splitting off either of the carboxyl groups 
in the molecule at will, the action occurring according to the equation 

COgNa- COgEt + HgO = CgHig- COaEt + NaHCOg + 

The group and the hydrogen atom lost by the camphoric 

molecule come from neighbouring carbon atoms, in accordance with 
the general rule established by Kolbe and by Crum Brown and 
Walker, so that the ethyl ester of the unsaturated acid produced by 
the electrolysis contains only one asymmetric carbon atom. The 
change taking place on electrolysis may best be represented by the 
following scheme, which embodies the well grounded conclusions re- 
ferred to at the beginning of this paper, and makes no further 
assumptions: 


a 

1 ■ ’ 

& 

1 

.-alC^OOaNa 

•■.a'':o 
’ 1 

1 • 

i 1 on electrolysis gives 

X 

'••b-4)-002Et 

1 

• ' • b— (^^C02Et 


b' b' 


When sodium ortho-ethyl camphorate is electrolysed, the unsaturated 
products of the electrolysis are inactive, so that no conclusion as to 
the configuration can be drawn from them (see preceding paper). 
When sodium allo-ethyl camphorate, on the other hand, is submitted to 
electrolysis, the unsaturated esters thereby produced have a strong 
positive rotation. If, therefore, we find that the unsaturated esters 
derived from the electrolysis of sodium allo-ethyl ^isocamphorate have 
a strong positive rotation, we may conclude that the allo-carbon atom 
in it has the same configuration as the allo-carbon atom in ci-camphorio 
acid. On performing the experiment, we found that this was actually 
the case, so that until well established evidence to the contrary is 
fmTthcoimng^ we nmy gi^^ the following configurations to the four 
active camphoric acids : 

d-Oamphoric. Z-Oamphorio. dJaocamphoric. ^•toc«mpheric. 

Ortho...... K L , E L 

Alio B' L' 1/ W 

If at any future time it should be found that the camphoric acids 
have a slightly lower rotatory power than the isocamphoric acids, 
instead of slightly higher, as at present appears to be the case, the 
configurations of the camphoric and isocamphoric acids of similar 
rotations will have to be interchanged. But however this maybe, 
the configurations, as far as slierepchemical formute are concerned, are 
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definitely fisced, as will be shown in the following paper (this 
voh, p. 395). ’ 

\-hocamphoTic AM. 

We first prepared this acid from ordinary camphoric acid by Aschan's 
method (loo, oit,^ 145), which consists in heating the acid with a mix- 
ture of equal parts of glacial acetic acid and concentrated hydrochloric 
acid to effect the isomeric transformation, and then separating the 
isomeric acids by means of acetyl chloride. As this method involves 
the use of sealed tubes, and gave in our hands a yield of only 15 per 
cent, of the isocamphoric acid, we abandoned it after a time in favour 
of Marsh’s method, which we found on the whole to be more con- 
venient. Marsh {Chem, 1889, 60, 307) prepared the acid from 

the camphoryl chloride obtained from c?-camphoric acid by the action 
of phosphorus pentachloride. According to Marsh, this chloride, on 
treatment with warm water, gives a precipitate which consists of about 
equal parts of c?-camphorio anhydride and of ^-isocamphoric acid. We 
experienced some difficulty in ascertaining the proper conditions for 
obtaining a good yield of ^isocamphoric acid in this way, and finally 
adopted the following method as giving the best results. Camphoryl 
chloride was added very gradually to twenty times its weight of water 
at a temperature of about 80% the liquid being constantly agitated by 
means of a Witt stirrer during the whole period of mixing. When 
all the chloride had been added, the liquid was immediately filtered, 
and on cooling the filtrate a crystalline deposit separated, which 
consisted of crude irisocamphdric acid. A further small portion of 
the crude acid was obtained by treating the residue on the filter with 
weak Sodium c«^bonate solution and acidifying the extract. We 
^heraily worked with portions of 10 grams of camphoryl ohl^de, 
and frbta 100 gra m s of d-camphorio acid obtained about 25 grams of 
Wsocamphorio acid. This acid, however, was still impure, and was 
th^fore treated with acetyl chloride in order to convert the 
d-camphoric acid with which it was mixed into the corresponding 
anhydride, the ^isocamphoric acid being thereby unaffected. When 
the acetyl chloride had evaporated, the residue was extracted with 
sodium carbonate solution in the cold, the solution acidified, and the 
precipitated acid recrystallised from hot water. The acid then melted 
at 172'6% and had the specific rotation [a]i> -46*2° in 10 per cent, 
solution in absolute alcohol. / ; 

As all the acids closely related to camphor have a low dissociation 
co|^tant^ this magnitude was determined for ^isocamphoric acid in 
jifOert^n if it presented a similar anomaly. In the following 
the results of the conductivity measurements at 25% 
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V represents the dilution in litres, /* the molecular conductivity, m 
the degree of dissociation, and k the dissociation constant. 

l-Isocamphoric acid. 


/4oo =352. 


•0. 

/i. 

100 n. 

100 ifc. 

70-5 

11-74 

3-33 

000160 

141 

16-30 

4*63 

. 169 

282 

23-01 

6-64 

162 

564 

31-78 

903 

169 



Mean 

... 0-00160 


The constant for e^-camphoric acid is 0*00225, As might be expected, 
the dissociation constant of the acid which forms an anhydride is 
greater than that of the isomeric acid which forms no anhydride, for, 
other things being equal, the power to form an anhydride indicates 
proximity of the carboxyl groups, which brings in its train reinforce- 
ment of their acid character and consequent increase in the dissocia- 
tion constant. Whilst, therefore, the constant of Wsocamphoric acid 
falls into its proper place with respect to that of other acids derived 
from camphor, it is decidedly small for the constant of a dibasic acid 
(compare this voL, p. 396). 


Mhyl Eaters of VIsocamphoric Acid. 

Friedel [Compt. rend., 1891, 113, 891) prepared the ethyl esters 
of Z-isocamphoric acid and briefly described their properties. As it 
was necessary that we should obtain these substances in order to pre- 
pare the sodium allo-ethyl salt for electrolysis, we purified them at the 
various stages and as far as possible adopted methods of preparation 
different from those employed by Friedel, in order that a comparison 
with his results might be effected. 

Eydrogm Ortho-ethyl Usocaraphorate.-^^nc^AA prepared this sub- 
stance by direct esterification of the acid with ethyl alcohol and 
hydrochloric acid. We repeated, his experiment and can confirm hif 
results. We found it more convenient, however, to use sulphuric acid 
instead of hydrochloric acid as the catalysing agent* The acid (10 
grams), alcoholI(S0 c.c*),iand sulphuric acid (2*6 o.o.) were heated to|[ether 
on a water-bath for 6 hours; the bulk of the alcohol was then dis- 
tilled off an d water added to the residue. The product separated out as 
an oil which quickly solidified, and' was removed from the aqueous 
liquid by solution in ether. After drying with calcium chloride and 
evaporation of the ether> the hydrogen ethyl salt crystallised on 
cooling, and was purified by recrystalUsation from light petroleum^ 
The acid treated in this way yielded almost its own weight of purified 
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hydrogen ethyl salt, which melted at 73-5'', the melting point given 
by Friedel being 75®. 

0*1145 gram required 20*35 c.c, of i\?y40 baryta solution for 
neutralisation. Calculated 20*1 c.c. 

The specific rotation of a 10 per cent, solution of the substance in 
absolute alcohol was [a]© - 46*28°, Friedel, for the substance in the 
superfused state, found [a]i> - 49*62°. 

A determination of the dissociation constant resulted as follows ; 


Hydrogen ortho-ethyl X^'isocamphoTObte, 




jUoo —860. 

100 m. 

100 Jc, 

244 

13*82 

S-95 

0*00066 

488 

19-05 

6*44 

64 



Mean.... 

.. 0*00065 


Walker (Trans., 1892, 61, 715) found that the hydrogen ethyl salts 
of dibasic organic acids had dissociation constants less than those of 
the acids themsslves in the ratio of 1 to 2*3 on the average. The 
ratio of the constant of the hydrogen ortho-ethyl salt to that of 
Z“isocamphoric acid is here 1 to 2 * 6 , so that there is no divergence 
from the general rule. 

Diethyl l-Isocemphorate. — ^Friedel prepared this ester by inter- 
action of the silver salt and ethyl iodide. The same substance 
may be readily obtained by the action of ethyl bromide on the 
potassium ethyl salt or on the dipotassium salt. The dipotassium salt 
was heated with six times its weight of absolute alcohol and a slight 
excess of ethyl bromide in a securely corked soda-water bottle at 100 ° 
during 5 hours. The potassium bromide which had separated was 
removed by filtration, and the alcohol, together with the excess of 
ethyl bromide, by distillation. The residual oil was dissolved in ether 
and the ethereal solution well washed first with dilute alkali and then 
with water. After the ethereal solution had been dried with calcium 
chloride, the ether was distilled ofi and the residue distilled under 
diminished pressure. The yield was almost theoretical. 

0*1221 gave 0*2949 CO 2 and 0*1046 H^O. C 66 * 8 ; 9*6. 

OJ 4 H 24 O 4 requires 0 « 65*6 ; H «= 9*4 per cent. 

The specific rotation at 16° was found to be [a]^ - 60*4° for a 10 per 
cent, solution in absolute alcohol. The specific rotation of the liquid 
diethyl ester itself was somewhat less than this, namely, [a]i, - 49 * 8 °, 
OPri^l for the^liqnidisubstance gives [a]D - 48*6°, 

diethyl ester was mixed in 
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alcoholic solution with a quantity of caustic potash exactly sufficient 
for its half hydrolysis. The mixture was allowed to remain at the 
ordinary temperature for 24 hours, after which it was heated on the 
water-bath for 45 minutes. The alcohol was then distilled off and 
water added. In order to remove any unchanged diethyl ester, the 
aqueous solution was extracted with ether. On acidification, a yellow 
oil separated, which was taken up in ether, dried, and after evaporation 
of the ether distilled under 12 mm. pressure, practically all coming 
over at 176*^. The distillate was a pale yellow, very viscous liquid of 
specific gravity 1*092 at 16°. 

0*0872 required 15*5 c.c. of baryta for neutralisation. Cal- 
culated 15*3 c.c. 

That the hydrogen allo-ethyl salt contained little or no hydrogen 
ortho-ethyl salt as an admixture was shown by its behaviour towards 
alcoholic potash. The ortho-ethyl salt is easily hydrolysed by this 
reagent, but we found that the allo-ethyl salt, after treatment with 
excess of alcoholic potash for 24 hours at the boiling point of the 
solution, was practically unchanged, the original oil being regained on 
acidification. 

The distilled substance in 10 per cent, alcohol solution had a specific 
rotation of [ajj, —22*9°. 

^Ilectrolysis of Potassium Allo-ethyl WsocampKorate* 

A concentrated solution of potassium allo-ethyl Z-isocamphorate was 
electrolysed with a current of about 4 amperes, the temperature being 
kept below 35°. An oil speedily separated which on completion of 
the electrolysis was removed from the aqueous solution by means of 
ether. The residue left after evaporation of the ether was a yellow 
oil which had a specific gravity of 1*016 and a specific rotation of 
[d]i> +6*93° The electrolysis of a strongly Isevorotatory salt of a 
Isevorotatory acid had thus yielded a dextrorotatory ester. 

The portion of the ester of lowest boiling point from ordinary 
camphoric acid was that in which the ethyl ester of allo-campholytic 
' acid was found. The intermediate fractions yielded a ketodihydro- 
allo-campholytio acid, which has since been termed camphononic acid, 
and the highest fractions yielded the diethyl ester of allo-camphothetic 
acid. The two former substances have only the allo-asymmetric carbon 
atom in the molecule, the asymmetry of the ortho-carbon atom having 
been destroyed. 

We should expect therefore to gain most information from the 
rotation of the portions of lowest boiling point of the product derived 
from Z-isocamphorio acid. The quantity of electrolysed product at our 
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disposal was too small to admit of a satisfactory fractional distillation, 
bnjb an attempt was made to effect at least a partial sepsiration of the 
various substances whose formation might be expected. 

The first fraction we obtained boiled at about 200^, and had a 
specific rotation of +20*9° The highest fraction had a rotation 
of [a]i> - 1°, and an intermediate fraction a rotation of [a]© +8*6® 
The impurities in the fraction of lowest boiling point have therefore 
a small positive or even a negative rotation, so that the value of the 
positive rotation actually obtained for the first fraction is undoubtedly 
too low* 

When the potassium ethyl salt of ordinary camphoric acid was 
electrolysed under as nearly as possible the same conditions as we 
here employed, the fraction of lowest boiling point had a specific 
rotation of [a]i> + 29*8° There is thus a distinct approximation of the 
corresponding fractions from ordinary <i-camphoric acid and Wsocam- 
phoric acid, and we think ourselves justified in concluding that the 
allo^asymmetric carbon atom has the same configuration in both com- 
pounds, since if it had the opposite configuration, the rotation of the 
product would have a value of — 30°, instead of a positive rotation 
of nearly that magnitude. 

The fraction of lowest boiling point here obtained is of course not 
pure ethyl allo-campholytate, but a mixture of this with ethyl cam- 
phononate from which separation by distillation was rendered im- 
possible by the small quantity at our disposal. Combustion analyses 
yielded numbers intermediate between those required by the two 
esters, and the other properties of the liquid were such as would be 
shown by a mixture of the two substances. 

UNIVKBSITY COLLEOB, 

DuNnsE. 


XXSVIIL — The Constitution of Camphoric Acid. 

By James Walker. 

Iisr 1893 (Trans., 63, 496), I showed that the campbolytic acid derived 
from sodium ortho-ethyl camphorate by electrolysis was an <tj8-unsatu* 
rated acid, this conclusion being based on the fact that its dibromide 
4^(5omfosed on neutralisation according to the following equation ; 

, proved to be cbaracteristic of the di- 

appears from 'the researches of' 
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Kolbe and of Crum Brown and myself, when an imsaturated com- 
pound is formed on the electrolysis of a salt of; a carboxylic acid, the 
acid loses the groups COgH and H from neighbouring carbon atoms, 
the double bond in the unsaturated compound being thus between 
the a- and )9-carbon atoms, as reckoned from the carboxyl group which 
has disappeared. The double bond of campholytic acid then is in the 
a^-position with regard to the carboxyl group of the camphoric acid 
which has disappeared on electrolysis ; but it is also in the ajS-posi* 
tion with regard to the carboxyl group, which remains after electro- 
lysis. This gives us only two possibilities for the relative position of 
the carboxyl groups in the camphoric acid molecule. Either the 
molecule contains the group 


3 


, .CO,H 

<-00,H 


whence 


•0 


or the group 


•C-COaH 

•OH-OOgH 


whence 


•6 

•8-cOjB; 


These groupings, and no others, fulfil the required conditions, but the 
first is inadmissable, since it represents camphoric acid as a malonic 
acid derivative, which is altogether at vanance with the known facts. 
There remains therefore only the conclusion cit*, 509) that the 
camphoric acid molecule contains the complex 

•C-OOgH 

•CH-COgH 

This conclusion, although it received immediate confirmation from 
the work of Noyes in 1894, was not generally accepted at the time, 
chiefly, no doubt, on account of the apparent difficulty in explaining 
the formation of camphanic acid from camphoric acid (compare Trans., 
1895,67,846). v 

If exception is taken to the reasoning given above, it-^can only be 
on the ground that campholytic acid is not an aj3-unsaturated acid, 
that it is not a direct product of the electrolysis, or that the carboxyl 
group and hydrogen atom which are removed on electrolysis do not 
leave the molecule from neighbouring carbon atoms. The second and 
third of these points will be discussed later in connection with Perkin' s 
formula for isolauronolic acid. With regard to the first, reference 
need only be naade to the decomposition of the hydrobromide of oam- 
photytic acid nn neutralisation (this voL, p. 380), and to the nature of 
the isomerism with isolauronolic acid (p. 382), which is universally 
admitted to be an aj8*ansaturated acid. The reasoning is further 
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strengthened by the proof that isolauronolic acid itself is, along with 
campholyti'c acid, a direct product of the electrolysis (this voL, p* 376), 
An investigation as to the products of electrolysis of potassium allo- 
ethyl camphorate (Trans., 1895, 67, 337 ; 1896, 69, 248), permitted a 
further conclusion to be drawn, namely, that camphoric acid con- 
tained the complex 

•(p-COgH 

HgO-OH-GOgH 

Now Perkin and Thorpe (Trans., 1897, 71, 1169), by their synthesis 
of camphoronic acid, a product of the oxidation of camphoric acid, proved 
conclusively that this acid has the constitution which had been sug- 
gested by Bredt, namely : 

CMeg 

HOad'^Me’OOgH 

CHa-COaH 

Camphoric acid therefore mast contain the complex 

CMe, 

O^CMe-COaH 

C-0 


which, when combined with the complex derived from the behaviour 
of the electrolytic products, yields the Perkin-Bouveault formula, 

CMeg 

Ha9^0Me-G0aH 
HaC— OH-COaH 

for the acid itself* . 

This formula was first suggested by Perkin, and afterwards, appa- 
rently independently, by Bouveault. Perkin, however, was led by 
his own experiments (Trans., 1898, 73, 796) to favour another formula 
which was proposed by him at the same time, namely, 


Ce-GOgH 

■2 



The behaviour of dihydro-isolauronic acid chiefly weighed with Perkin 
this to the Perkin-Bouveault formula, but, as Blanc has 
Ohim,) 1899, [iii], 21, 830), Perkin’s observations 
..dijfferent interpretation from that put upon them- 
whole tell in favour of the Perkin-Bouveault 
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That Perkin's second formula is irreconcilable with the results of 
electrolysis is plain from the fact that it does not contain a complex 
with the carboxyl groups in the ortho-position relatively to each 
other. If the electrolysis of the sodium ethyl salt of an acid having 
Perkin's formula (II) occurred in the ordinary way, the ethyl ester of 
the unsaturated acid thereby produced should have formula I. Kow 
this acid is a ^y-unsaturated acid, and Perkin himself attributes the 
formula marked III to isolauronolic acid, 

OMeg OMeg OUe^ 

:]Me CMe-COaNa 

COjEt-HC — CH COgBt-HC — CH 2 COaEt-CtrrrCH 

I. II. • HI. 

which, along with its stereoisomeride, campholytic acid, is the sub- 
stance actually produced. That an ester having formula III should 
be formed directly from a substance having formula Tl is in the 
highest degree improbable, and that it should be formed by the 
isomeric transformation of the acid having formula I is almost 
equally unlikely, for not only is the electrolysis conducted at the 
ordinary temperature and in a solution which is, at most, feebly alka- 
line with sodium hydrogen carbonate, but the ester produced imme- 
diately separates from the aqueous liquid, and is thus exposed to the 
action of no ohemical * agents whatever. The improbability of an 
isomeric transformation of a primary jSy-product into an ajS-acid is 
still further increased by the fact that the jSy-acids obtained from the 
electrolysis of potassium allo-ethyl camphorate show no tendency 
whatever, under the experimental conditions, to pass into ajS-acids. 

The formula for isolauronolic acid (and campholytic acid) derived 
from the Bouveault-Perkin formula for camphoric acid is 

OMeg 

^CMe 

HjC — 8 -OOsH 
Isolauronolic acid. 

As Blanc has pointed out, this formula has no asymmetric carbon 
atom, and the acid corresponding to it must therefore be inactive. 
The isolauronolic acid formula of Perkin, ou the other hand, has one 
asymmetric carbon atom, so that the corresponding acid should 
exhibit optical activity, unless it be a racemic mixture. Now, the 
isolauronolic acid prepared from camphoric anhydride and aluminium 
chloride by Blanc's method is optically inactive, and so are its salts 
and esters. The acid prepared by electrolysis is also inactive, and 
this inactivity is likewise characteristic of isolauronolic acid prepared 
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from the campholytic acid of electrolysis, as well as of the campho- 
lytic acid prepared from isolauronolic acid (this vol, pp. 378, 380). 
The hydrocarbon isolaurolene, O 3 H 14 , derived from the hydrobromides 
of campholytic and isolaiironoHc acids (this vol., p. 380), is also 
inactive, which is in accordance with formula IV derived from the 
Perkin-Bouveault formula of camphoric acid, and in disagreement 
with formula V, derived from Perkin's later formula for this 
substance, which still contains an asymmetric carbon atom. 


(Me. 

/\ 

H 29 CMe 
HgC— CH 
IV 


OMe^ 

/\ 

HgCj) CHMe 
HO=OH 
y. 


There is . absolutely no reason to suppose that racemisation of 
active compounds takes place during electrolysis, for the allo- 
campholytic acid produced by the electrolysis of potassium ortho- 
ethyl camphorate is strongly active, in accordance with the formula 
deduced from either the Perkin-Bouveault or the Perkin formula for 
camphoric acid. An attempt, too, to resolve isolauronolic acid into 
active constituents by means of cinchonine was made by Blanc, and 
failed. It must be conceded, therefore, that the inactivity of 
isolauronolic acid, from whatever source derived, as well as of the 
related substances, campholytic acid and isolaurolene, affords very 
strong evidence in favour of the Perkin-Bouveault formula for cam- 
phoric acid. It is impossible, either from Perkin's second formula or 
from Bredt's formula, to derive a formula for isolauronolic acid which 
shows this substance to be at once an a^S-unsaturated acid, and 
inherently inactive. 

The Perkin-Bouveault formula for camphoric acid has recently 
received synthetic confirmation from Koyes {Ber,, 1900, 33 , 54 ), who, 
by heating calcium a^^^rimethyladipate, prepared the correspondini? 
ketone, thus ; 

CMe, CMe, 

S,(f CHMe-00,H - 

HjO — oOjH: HjO — CO 

a^^-Trimotliyladipio acid. oyS^S-Trimothyladipone. 


Not, just as diethyl ketone can be produced from diethylhydroxyaoetio 


OH, 

HjO 'cH, 

H, 0 — -C(OH)- 003 H 
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so ajS^S-trimetliyladipone can be derived from a-hydroxydibydro- 
isolauronolic acid by oxidation, proving that the latter bas the 
formula given below, 

CMeg CMeg 

HgC^OHMe JIHMe 

HgC— C(0H)-002H HjC— CO 

a'Hydroxydihydro-isolauronolic acid. aj8j8-Tnmethyladipone. 

Chemists are agreed, however, that one of the carboxyl groups of cam- 
phoric acid is attached to the carbon atom which is united with the 
solitary methyl group, and the above reactions show that the second 
carboxyl group is attached to the neighbouring carbon atom. Cam- 
phoric acid is therefore a derivative of succinic acid, in accordance 
with Perkin^s first formula, and not a glutaric acid derivative, as 
Perkin^s second formula and Bredt's formula would represent it* 

Configwation qf th4 ijornphorie Acids. 

It has been shown (this voL, p. 390) that (f-camphoric acid and 
Z-isocamphoric acid have the same configuration of the allo-asymmetric 
carbon atom. This circumstance, when taken in conjunction with 
other well-known facts, enables us to write the configurations of all 
the camphoric acids on the basis of the Perkin-Bouveault formula. 

In the first place, we have to determine which of the carboxyl 
groups in the formula is to be called the ortho-carboxyl group and 
which the allo-carboxyl group. This may be readily done by con- 
sidering the ease with which the respective groups are esterified, and 
with which the corresponding esters are hydrolysed. One of the carb- 
oxyl groups in the formula is attached to a tertiary, and the other to 
a secondary carbon atom. I^ow, it is well known that the esters of 
tertiary acids are much less readily produced and hydrolysed than 
those of secondary acids. According to the experience of all 
observers (for example, Priedel, Brfihl, and myself) it is a compara- 
tively dil^cult matter to produce allo-alkyl derivatives and to 
hydrolyse them after they are obtained (compare this voL, p* 389), 
whilst the production and hydrolysis of the ortho-oamphorie esters 
can be readily effected. We must therefor© give the d^ignation 
ortho to the secondary asymmetric carbon atom and to the carboxyl 
group with which it is united, reserving the term alio for the tertiary 
symmetric carbon atom and the corresponding carboxyl group, thus : 

OMej 

HjC^^OMe-OOaH alio 
HjO— CH-OOjH ortho 



396 walkkr ; the constitution of camphoric acid. 

This mode of designation is in entire agreement with the results of 

thTortWth*?® ^yunsaturated acids, and 

the ortho-ethjl salts yielding o^-unsaturated acids, as would be directly 
deduced from the formula. «ireouy 

Since camphoric acid and its optical antipode easily yield 
^hydndes. whilst anhydrides of the isooamphorte acids haJe never 
bwn prepared, we must assume that in the first instance the carboxyl 

STorriSrT 

^ Me| 

* H 

^2-Oamphoric acid. 

tha.t of ^-camplioric acid becomes 


H, 


CO,H 


CO 


I 


1^ ortho 


^^Oamphdric acid* 

f™S' “*'* *“ ^ co«J8,™.t»n oj the Jl«. 




Msocamphorio acid* 


CmM. AM j* 

Ostjrald { Zeit . physikaL Ghm ,., 1889, 3, 4021 found fn* i. • 
constant K e =5 0*0099^ n« • . ^c*mphonc 

^iaMpn constants of the foUowing nSiltuJldlLl^^^^^ 
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Acid. 


K. 

Malonic .... .. 

.. COjH-CHa-COaH 

0-158 

Succinic 

.. 002H-(OH,V002H ... 

0*0066 

Glutaric 

.. 002H-(CH,)3-002H ... 

0*0047 

Adipic ....... 

.. 002H-(0H3),-C02H ... 

0*0037 

Sebacic 

.. C 03 H-(CH 3 ) 8 'C 03 H ... 

0*0023 


we find it to be comparatively small, and Ostwald drew the conclusion 
that the carboxyl groups in the camphoric acid molecule were probably 
far apart from each other, seeing that in this series the value of the 
dissociation constant falls off as the number of carbon atoms between 
the carboxyl groups increases. 

Now, the Perkin-Bouveault formula represents camphoric acid as a 
succinic acid derivative, whilst according to the formula of Bredt and 
the second formula of Perkin, it is a derivative of glutaric acid. 
In either case, the dissociation constant is much less than that of the 
parent substance. 

The low value of the dissociation constant of camphoric acid mfght 
be accounted for in two ways. In the first place, the formation of a 
ring might lower the value of the constant. This explanation, how- 
ever, is invalid, as I have shown (Trans., 1892, 61, 705) that ring 
formation has little effect on the dissociation constants of acids. In 
the second place, the replacement of hydrogen atoms of succinic or 
glutaric acid by hydrocarbon radicles might be the cause of the 
diminution. At first sight, this explanation appears equally invalid 
with the first, for the dissociation constant of the alkyl-succinic and 
alkyl-glutaric acids are, almost without exception, considerably 
greater than those of the parent acids. For example, for the methyl 
succinic acids we have 

Acid. K. 

Succinic OOgH'OHg’OOaH. 0*0068 

Methylsuccinic COgH-OHa-OHMe-COaH... 0*0086 

Dimethylsuccinic ... OOgH-OHa'OMeg'OOgH ... 0’0081 
Trimethylsuocinio... OOaEL'OHMe-OMejj'OOiPa. 0*031 > 

Tetramethylsuooinio 0C^H‘CMeg*0M©jj*00^..* P'PSl , 

In dealing with a case of this nature, it must be boifee in' jbdtihd; 
however, that the relatively large values of the dioajpbbxylio acids are" 
chiefly due to the mutual reinforcement of the <^b 03 syl ^oups, So' 
that the replacement of hydrogen by an alkyl group may act on the 
constant in two distinct ways : (X) through the influence of the sub- 
stitution pure and simple, (2) through the influence due to a change 
effected in the relative position of the carboxyl groups. The nature 
of these two influences may easily be investigated separately, 

VOL. LX.XVII. F F 
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If we ooQsider mdnocarboxylic acids, the second mode of action 
is obvioudy excluded, and we can roughly estimate the effect of a 
pure substitution. For this purpose, we may take acetic acid and 
some of its simpler derivatives ; 


Add. K. 

Acetic CHj’OOjH 0-00180 

Propionic OH^Me-CO^H 0-00134 

Isobutyric.. OHMej-OO^H .. 0-00162 


Trimethylacetie ... OMeg-OOgH 0-00098 - 

Bimethylethylacetio OMejEt'COjH.. 0 00096 ; 

For each alkyl derivative, the constant is less than that of aSfe 
acid, the influence being especially marked in the trialkyl deriva- 
tives. The same effect may be observed with unsaturated acids, 
thus : 


Acid. 


K: 

Acrylic 

CHglOH-OOgH 

0-00.96 

Crotonic ............ 

OHMerOH-dOgH 

0-0020 

Isocrotonic 


0-0036 

Angelic 

OHMeiCMe-COgH ... 

0-0060 

Tighb.. 

»> 

0-00096 

Methylethylacrylic., 

OHEtrOMe-COgH 

0-00111 


When disturbing influences are absent, therefore, it may be said that 
the substitution of alkyl for hydrogen frequently lowers the constant 
to bne-half, and in some cases to one-fifth the value for the parent 
acid. 

It is thus practically certain that the rise in the dissociation con- 
stwit, when hydr<^en is replaced by alkyl in succinic or glutaric acid, 
is due to the approximation of the carboxyl groups, and not to the 
direct influen<» of the displacement. 

From fte point of view of stereochemistry, the carbon atoms in 
open chain saturated compounds must be conceived as possessing a 
considerable degree of freedom of movement, a freedom with which 
they, in pat measure, part when they form links in a closed chain, 
or are joined by a double or triple linking. The substitution of alkyl 
for hydrogen in an maturated dicarboxylic acid, or a saturated 
cyclic dioarboylie acid, might therefore be expected to show the 
customary diminution of the dissociation constant, undisturbed by 
a^y marked increase due to the secondary effect of approximation of 
Data, for unsaturated dicarboxylic -acids are’ 
^nty, hut, such a,s they are, they bear out the preceding- 
(Walden, m phytiM. Uhem., 1891, 
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Mal^ 


Acid. 

H-i-COgH 


Oitr- Me-jT-OOgH 
aconic H— 1! — OOgH 


Ethyl- Et-ip-OOgH 
maleic H-LoOgH 


K. 

M7 

0*34 

0-238 


Fumaric 


Acid. 

H-TT-OOgH 

cOgH-Ln 


Mes- Me — ji COgH 

aconic COgH — - — H 

Ethyl- Et-^-OOgH 
fnmaric COgH — * — H 


K. 

0-093 

0079 

0-094 


There is little reduction of the dissociation constant in the case of 
the alkylfumaric acids, but for the alkylmaleic acids it is reduced to 
less than a third of its value by the introduction of a methyl group, 
and to a fifth by the introduction of an ethyl group. 

Practically nothing is known of the dissociation constants of 
saturated cyclic dicarboxylic acids, but in all probability the introduc- 
tion of alkyl groups instead of hydrogen would exert its primary 
effect of reducing the constant, as it does in the unsaturated 
dicarboxylic acids. 

These considerations show that, although camphoric acid is regarded 
as a derivative of glutaric acid, or even of succinic acid, there is in 
reality nothing abnormal in the small value of its constant, for all 
chemists agree that in its molecule there remains only one hydrogen 
atom attached to the carbon atoms with which the carboxyl groups 
are united. . . 

If the preceding interpretation is correct, monobasic acids derived 
from camphoric acid should exhibit constants considerably smaller 
than that of acetic acid, for, in their case, the same influences would 
be at work to reduce the constant, as in camphoric acid itself. This 
is, in fact, the case. Thus, for the ajS-unsaturated tertiary acids, 
isolauronolic acid and campholytic acid, we have values which are 
much less than that of acetic acid, and comparable with that of the 
a^-unsaturated tertiary acid, tiglic acid : 




CMeg 

/\ 



Campholytic acid, 0-00093. 


Isolauronolic aedd, K= 0-00086. 


HCMe 

CHs'O-OOgH 


Tiglic acid, 0-00096. 


Again, the constants of the hydrogen methyl camphorates are as 
follows: 

CMeg CMeg 

HgC CMe-COgMe HgC^^^Me-OOgH 

HgO— CH-COgH HgC OH-OOgMe 

Ortho-hydrogen allo-mothyl Allo-hydrogen ortho-methyl 

camphorate, 0-00108. oamphorate, K = 0*00079. 

F F 2 
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Once more, the very small values appear, and, as we might expect, 
the constant o£ the tertiary or allo-carboxylic acid is less than that of 
the secondary or ortho-carboxylic acid. 

The constant s of the isocamphoric acids are still less than those of 
the camphoric acids proper, in accordance with the fact that the former 
have the cis-conhguration, and the latter the cisjJraTis-configuration. 
Thus, for Z-isocampboric acid we have the constant 0*00160, and for 
allo-hydrogen ortho-ethyl camphorate the constant 0*00065. 

We conclude then from these measurements that the low value of 
the constant for camphoric acid need not be due to the carboxyl 
groups being far apart in the molecule, but to the fact that all but 
one of the hydrogen atoms of the succinic acid, from which, according 
to the Perkin-Bouveault formula, camphoric acid is derived, are 
replaced by hydrocarbon groups, which exert their primary effect in 
lowering the dissociation constant. 

The author desires to express his indebteduess for valuable criticism 
and suggestions to Professor W. H. Perkin, who kindly revised this 
paper in manuscript. 

Uni VjEXsiTY. College, 

Dundee. 


XSXIX.— TAe Maximum Pressure of Naphthalene 

Vapour. 

By Eichard Wiidiam Allen, M.A., University College, . 
Auckland, N.Z. 

The formation of naphthalene during the carbonisation of coal in 
gas works is a source of much trouble to gas engineers, for the naph- 
thalene, finding its way into the pipes, forms deposits which obstruct 
the passage of the gas. The systematic study of the causes and 
means of prevention of such deposits necessitates an exact knowledge 
of the amount of naphthalene required to saturate a given volume of 
any gas at various temperatures and consequently of the maximuta 
pressure of naphthalene vapour at such temperatures. The only 
measurements of the maximum vapour pressure of naphthalene 
hishea:to carried out are those by Kaumann 1871, 4, 647) which 

' vapour pressure 2 ' mm. ■ , 

pressime'sa 20;5 ■ ■ 
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The absence of decimals (other than the 5) suggests that they are 
only approximations, and they were, in fact, determined in the ordinary 
barometric vacuum without any special precautions ; the tube was 
jacketed for a few centimetres only below the top of the mercury 
column, and no method of direct comparison' with a standard barometer 
was employed. Moreover, the value 2 mm. for the vapour pressure at 
15° is improbable, for any substance having that vapoar pressure at 
15° would soon disappear if freely exposed to the air, whereas a small 
piece of naphthalene so treated shows little diminution in size, even 
after many weeks. That Naumann was satisfied with an approxima- 
tion is not to be wondered at, since, except from the point of view of 
the coal gas industry, a knowledge of the maximum pressure of 
naphthalene vapour does not appear to be of much importance. 
Ramsay and 'Sfoung {PhiL Trans., 1884, Part I, xxxvii, 461) applied the 
apparatus they devised for measuring the influence of pressure on the 
temperature of volatilisation of solids to the measurement of the 
vapour pressures of benzene, water, acetic acid, and camphor, but the 
preliminary observations they made with naphthalene led to no result, 
and were abandoned owing to the low vapour pressure of the hydro- 
carbon (9 mm.) at its melting point (97*6°), and to the want of data 
regarding its vapour pressure at low temperatures ; it may therefore 
be assumed that the method is inapplicable to naphthalene at the 
ordinary temperature. 

The vapour pressure of naphthalene at the ordinary temperature 
being very small, the ordinary method of measurement in the baro- 
metric vacuum was at first deemed unsuitable. Among other methods, 
that of evaporation, which has been occasionally employed in the case 
of liquids, seemed to offer decided advantages. In it, as is well known, 
a given volume of an indifferent gas at a definite temperature is 
passed over a weighed quantity of the substance whose vapour pres- 
sure is to be measured, and the loss in weight of the latter estimated ; 
this loss represents the weight, and hence the volume, of the vapour 
required to saturate the given volume of the gas at the given tempera- 
ture and pressure, and a simple calculation yields the value of the 
vapour pressure at that temperature. The method is based on the 
assumption which was proved to be legitimate by the experiments of 
Begnault and Magnus, that the vapour pressure of a volatile liquid 
in a space filled with an indifferent gas is very nearly equal to the 
vapour pressure in a vacuum, and the more nearly is it so the smaller 
the pressure of the vapour. J. Walker {Zeit, physihaL Ghem., 1888, 
2, 602) measured the relative vapour pressures of aqueous solutions of 
various inorganic salts, and Wall and Bredig {Ber,, 1889, 22, 1084) ^ 
those of various alcoholic solutions by this method and obtained very 
good results. The process being unlimited as regards the length of 
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time for which the gas is passed, the slowness of the operation, and 
the volume of the gas employed, it seemed capable of great delicacy 
and exactness, and hence especially well adapted for measuring the 
low vapour pressures Cf such solids as naphthalene. Some pure 
tiaphthalene was accordingly first prepared by digesting a commercial 
sample alternately with sulphuric acid and caustic pdtash several 
times and washing repeatedly with water between each digestion x 
in this way, most of the phehols and hydrocarbons were removedi 
The purified sample was then three times distilled with steani ; fiila}i|f> 
it was drained free from water, melted^ powdered, and set to dry 
several weeks in a large bell jar over concentrated sulphuric aciui 
It then melted-at 72'^^ and gave only a slight pink coloration on 
boiling with strong sulphuric acid ; hence it might be considered 
pure. This dry, powdered naphthalene was then filled into light 
U-tubes, above the powder a little cotton wool was placed to prevent 
any of it being carried over mechanically, and dry corks, provided 
with glass outlet tubes, were fitted into the tubes and rendered air* 


Fig. 1. 



tight with a coating of cement. In order that the temperature of 
the experiment might be kept perfectly under control, a large zinc 
water-bath three feet long, two feet six inches high, and two feet 
tiiree inches wide was constructed. It had six air compartments 
running lengthwise through it, arranged in two tiers of three each, 
each compartment being six inches high and four inches wide. The 
water could circulate freely round each compartment, and was kept 
well stirred by a large iron stirrer working up and down and driven 
by a water engine at any desired speed. The temperature of the 
water was controlled by means of a mercury thermostat, to which was 
attached a non-atmospheric burner capable of very delicate adjust-* 
ment. The bath was fitted with a close lid which had three small 
holes, one in the centre for the rod of the stirrer, and two close 
tcfctiiei’ at. one end and in the middle line, one being for the thermo- 
thennometera, which were all divided to 
the temperatuT^,could;vbe, kept 
for 24; hours* Fig. l. shWs the 
le gas, entering through the wash- 
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bottle into the safety tube, A, inserted to measure the pressure in the 
apparatus and prevent it exceeding that of the atmosphere, was 
partially dried by passage up a cylinder, B, filled with beads moistened 
with concentrated sulphuric acid. After being further dried and 
raised to the temperature of the bath by passage through the sul- 
phuric acid bulb, 0, and the calcium cMoride tube, D, the gas was 
passed through the weighed tube of naphthalene, E. In the succeed- 
ing sulphuric acid tube, F, most of the naphthalene carried over was 
re-absorbed and thus prevented from condensing in the tubes outside 
the bath and blocking them up. The tube G is connected with an 
aspirator by means of which the gas is drawn through the system of 
tubes. The several aspirators had slightly different capacities, but 
as each experiment was concluded the pressure and temperature of 
the atmosphere were observed, and due correction being also applied 
for the water vapour saturating the gas in the aspirator, the weight 
of naphthalene carried over in the given time by 36 litres of dry gas 
at 15® and 760 mm. pressure was calculated from the observed values. 
Thus the figures given in the third column of Tables I> II, III, and 
TV are strictly comparable. The ends of each air compartment were 
carefully closed^ as shown in Fig, 1, by stoppers made of triple layers 


Table I. 


Gas employed. 

Temp. 30°. 

Duration of ex- 
periment. 

Weight of naphthalene 
carried over. 

Air 

2J hours 

0‘0318 gram 

>, 

3i „ 

0‘0319 „ 

JS 

4 „ 

0-0320 „ 

J» 

T „ 

0-0322 „ 


H it 

0-0324 „ 


n „ 

0-0327 „ 

it 


0-0330 „ 

it 

30 „ 

0-0332 „ 

, ' .. hi 

39 

0 0886 „ 

>» 

135-., 

0*0840 „ 

Hydrogen 

I'i » 

0-0812. 

• 

: M .. 

0-0313 „ 

it 

6i „ 

0-081S ' 

}9 

14 „ 

4-0380 „ 

It 

24 „ 

0-0837 „ 

it 

no „ 

0-0843 „ 

Coal gas 

3 „ 

0*0316 „ 

t> 

6 „ 

0*0320 . „ 


15 „ 

0*0322 „ 

ti 

20 „ 

0*0326 ,, 

a 

65 „ 

0*0339 „ 
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of wood, each layer being covered by flannel and separated with cork 
from the adjoining one. In this way, air currents were prevented, and 
the temperature in a compartment ensured as being that of the water of 
the bath. The temperature of the bath having been raised in the first 
place exactly to 30^, and the various tubes arranged as described, the 
gas was passed at various speeds through the weighed tubes of naph* 
thalene, and the loss in weight of the tubes observed 5 from this the 
weight of naphthalene required to saturate 36 litres of dry gas measured 
at 15° and 760 mm. was calculated. It remains to be mentioned 
that, in addition to air, hydrogen and coal gas were employed ini^^He 
experiments, as it was deemed better not to rely on results obtained 
by one gas only : when these gases were employed, the U-tubes of 
naphthalene were always swept clear of them before weighing by 
blowing a small quantity (about 50 c.c.) of dry air through them ; 
trial showed that the extra loss of naphthalene due to this precaution 
was quite negligible. In Table I (p. 403) are given the observed results. 

It is noticeable that the weight of naphthalene carried over increases 
slightly as the rate at which the gas is passed over diminishes. The 
nature, however, of the gas into which the naphthalene diffuses seems 
to exercise no influence on the rapidity of the diffusion ; the values in 
Tables 11 and in confirm this. From the above figures, it would 
appear that practically complete saturation was attained in the slowest 
experiments ; owing, however, to the obvious difficulty of keeping a 
large bulk of water at a constant temperature much higher than that 
of the surrounding air for days at a time, and inasmuch as 97 per 
cent, saturation was obtained in the 24 and 30 hours experiments, it 
was decided to limit future experiments to about 24 hours, and allow 
an extra 3 per cent, on the observed values in order to obtain the true 
«dmrafeion or ** limit ” value. Tables II, III, and IT contain the re- 
sults of experiments conducted at other temperatures. As previously, 
due corrections have been made in each experiment for temperature 
and pressure, and for the hygrometric state of the gas in the aspirators, 
the values given being those for 36 litres of dry air at 15° and 
760 mm. pressure. 

Table IL 


Gas employed. 

Temp. 45®. 

JDaration of ex- 
periment 

Weight of naphthalene 
carried off. 

Air 

IJ honrs 

0*1192 gram 

ft 

24 . 

01222 „ 

'T 

2J „ 

01224 „ 


, ,6 , 

01232 „ 

Vs. 

9 » 

01260 „ 


... 

0 1260 „ 



ALLEN : THE MAXIMUM PEESSURE OF NAPHTHALENE VAPOUR. 403 


Table II. — {continued). 


Gas employed. 

Temp. 45°. 

Duration of ex- j 

periment. j 

Weight of naphthalene 
carried off. 

Hydrogen 

horns 1 

0*1194 gram 

>» 

3 „ 

0*1214 „ 


6 „ 

0 1236 „ 


8^ „ 

0*1262 „ 

S J 

24 

0-1272 „ 

Coal gas 

24 „ 

0*1204 „ 


5 „ 

0*1224 „ 


^ 5 ,, 

0*1228 „ 

»» 

18 „ 

0-1260 „ 

>» 

22 „ 

0*1270 „ 

Limit value — (0*1272 + 3 per cent.) gram. 

= 0*1310 gram. 

which is taken to be the true weight of naphthalene required at 

45® to saturate 36 litres of dry air measured at 760 mm. and 

15°. 

Table III. 


Gas employ cd. 

1 Duration of ex- 

1 Weight of naphthalene 

Temp. 60°. 

1 periment. 

! carried off. 

Air 

2| hours 

0*3784 gi’am 

>» 

6 „ 

0*4010 „ 

n 

15 

0*4498 „ 

Hydrogen 

2 .. 

0*3818 „ 


Si „ 

0*3972 „ 


ft 

0-4048 „ 

»» 

15 „ 

0*4445 „ 

») 

30 „ 

0*4616 „ 

Coal gas 

IS 

0*3728 „ 

jj 

Si » 

0*401d „ 

j j 

19 „ 

0*4609 „ 


Limit value = (0*4615 + 3 per cent.) gram. 
= 0*4650 gram. 
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Table IY. 


Temperature of 
air. 

Duration of ex- 
periment. 

Weight of naphthalene 
carried off. 

15“ 

24 hours 

0*0166 gram 

15 : 

4 „ 

0*0166 „ 

16 

10 „ 

0-0168 „ 

16 

93 

0-0170 

75 


1*165 „ ^ 

75 

S » 

1*180 „ 

75 

1 if 

! ■ ■ ’ 

1*191 „ 


It was found impossible to keep the water in the bath constant at 
75° for more than S — 4 hours, hence the limit value for 75° cannot be 
ascertained with certainty ; but assuming that the rate of increase in 
weight of naphthalene carried over as the length of experiment be- 
comes greater is in the same proportion as at 60°, we may deduce it 
as follows ; Mean weight carried over at 60° in hours = 0*399 gram — 
limit assumed = 0*465 gram, or an increase of 17 per cent, hfow in- 
crease the weight carried over at 75° in 3^ hours, that is, 1*191 grams 
by 17 per cent., and a limit value of 1*395 grams is obtained. 

From these limit values, the vapour pressure of the naphthalene 
may be easily deduced by means of Ostwald's formula Physico- 
Chemical Measurements,” p. 114) 

^ _ 62^90 ^ 

p ,«= - — ^ — 2 - 0 — mm. 

m V 

where weight in grams of the substance carried off. 
absolute temperature of room, 
molecular weight of the body, 
volume of gas passed over the solid. 

Subsiatuting the following values in the above equation, we get the 
results set forth in Table Y. 

ff =* weight of naphthalene carried over given in column 2. 
7^=273 + 15 = 288°. 


?»= 128 and v=s 

36000 c.c. 



Table V. 


Temperature. 

Limit weight of naphtha- 
lene carried over. 

Corresponding vapour 
pressure. 


0*0170 gram 

0-0345 „ 

0- 1S13 „ 

0*4680 „ 

1- 395; ' ,V ■. 

0- 066 mm. 

0-186 „ 

0-61 „ 

1- 81 „ 

6-48 
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These values differ so much from those usually given for the 
vapour pressure of naphthalene, that it was thought that, with due 
carOj they might easily he either confirmed or refuted by the ordinary 
barometric method. Accordingly, glass tubes -f-in. in diameter and 
3 fti long were taken, thoroughly cleaned, and drawn out at one end 
to a fine capillary thread, so that the free end might be connected 
with the. mercury joint of a Sprengel pump. Each tube was then 
strongly heated to expel all moisture j the capillary end connected 
with the pump, and the other ond dipped into hot, freshly distilled 
mercury, Which was then slowly drawn up by means of the pump. As 
the mercury rosej it was boiled by means of a large Bunsen burner, 
finally the mercury was boiled throughout its whole length, and the 
tubes lowered into the bath till the mercury rose well into the capillary 
thread, when the tubes were sealed off with the blow-pipe. After 
several attempts, two tubes were obtained in which the residual air 
could, with difidculty, be distinguished on inclining the tubes. The 
heights of the mercury in the two tubes, as read off by the catheto- 
meter (which read with great accuracy to 0*01 mm.), were exactly the 
same. Having thus obtained two perfect barometer tubes, a small 
glass bulb blown in a capillary thread was filled with pure melted 
naphthalene by suction with a pump, and the ends sealed off when 
the naphthalene had solidified. Before passing this bulb up into one 
of the barometer tubes,' it was cleaned and dried, and the mercury in 
the trough warmed so as to prevent the introduction of moisture, 
notwithstanding all precautions, a small quantity of air was intro- 
duced with the bulb, and the mercury stood 1 *86 mm. lower than it 
did in the standard barometer. The naphthalene bulb was then burst 
by warming the top of the mercury column^ and the tube inclined, 
and clamped in that position, so that, on cooling, the naphthalene with 
the bulb attached to it solidified in the top of the tube, and so did not 
interfere with the readings. The two barometers were now lashed 
together, and delicate thermometers, divided to tenths of a degree, 
fastened between them. To ascertain whether the depression in the 
experimental tube, due to the air admitted, amounted exactly to 
1*86 mm. at 15° or whether an additional small quantity cff air had 
been enclosed in the bulb with the naphthalene, the two tubes were 
enclosed in a case with plate glass windows, and surrrorided with a 
freezing mixture. After the temperature had remained constant at 
-- 18° for 20 minutes, the heights in the two columns were taken. 
At the temperature -18°, it was assumed that the naphthalene had 
practically no vapour pressure; on this assumption the difference of 
level of the mercury columns A and B was due solely to the air in B* 
The readings were as follows : . 
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Biirometer = 759‘6 mm. 

Height of the column in A =:= 448 *04 mm. 

B = 446*36 „ 

Difference 1*68 mm. = 1*68 x (1 + 18 x 0*000179) 

1*68 mm. of mercury at 0*^, 

A simple calculation shows that the air, which exerts a pressure of 
1*68 mm. at - 18° and 769*6 mm., will exert a pressure of 1*90 mm. at 
i5° and 760 mm, Before bursting the bulb, the difference of level 
was 1*86 mm,, so that the air that had been enclosed the 
naphthalene was only sufficient to produce a depression of 0^4 mm, 
at 16°. The freezing mixture having been removed, and the tubes 
allowed to take the temperature of the air, they were surrounded 
with the melting ice. After the temperature of the air space above 
the ice had remained constant at zero for a considerable time, new 
readings were taken as follows : 

Temperature = 0° Barometer =759*9 mm . 

Height of mercury in column A = 448*34 mm. 

« „ B = 446*53 „ 

Difference 1*81 „ 

e ' 1*68 X 273 X 760 i qa j x 

of which difference — isf x 759* ' 9 mm., are due to 

air, hence the true vapour pressure p^t 0°=0*01 min. The case was 
now removed and next day, after the temperature had been constant 
at 15*6° for an hour, fresh readings were taken as follows : 

. !&arometer = 758*6 mm. 

Height of mercury column in A =439*08 mm. 

5, „ >j B = 437*10 „ 


Difference. 


1'80 X (273 + 15*6) x 760 ^ r * ^ 

Subtract A— 1 — mm. or 1*90 mm. for air and 

-« T O X OOo‘v) 


vapour pressure at 15*6 = 0*08 mm. of mercury at 0°. The value 
found by the ** evaporation method,” 0*068 mm, at 16°, agrees 
well with this. In order to obtain values at other temperatures, the 
tubes were jacketed with a Hofmann's density tube, and the vapours 
of the following substances introduced: ether, carbon disulphide, 
ehiorcffcnmi, al<x)hol, be water, acetic aqid, -isoamyl alcohol, boll- 
ix 100°, 116°, and 130° respectively, 
The following results were now 


jn 4§*8°, 61*8° 78*4°, 80* 
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Ether, b. p. 39°. Barometer = 758*1 mm. 
Height of mercury column in A. = 458*02 mm. 
„ „ „ B = 455*66 „ 


Difference = 
Depre ssion due to air, 

_ 1*80 (273 + 39) X 760 
273 X 758 1 


2*36 

2*06 


Difference = 0*30 „ of mercury at 39°. 

=: 0*30 of mercury at 0° 

Carbon disulphide, b. p. 46*8°. Barometer = 762*5 mm. 

Height of mercury column in A = 462*43 mm. 

,, ,, „ B = 469*59 „ 


Difference = 2*84 

Depression due to air, 

_l*80x (273 + 46*8) X 760 _ 

273 X 762*5 

Hence vapour pressure at 46*8 = 


0*74 „ of mercury at 46*8 
0*73 „ of mercury at 0°. 


Chloroform, b. p, 6 1 *8°. Barometer = 757^6 mm. 
Height of mercury column in A = 457*38 mm. 
„ „ . B = 452*88 ,, 


Difference = 
Depression due to air, 

_l*80 x (273 + 61*8) X 760 

273 X 757*6'' 

Hence vapour pressure at 61*8° = 


4*50 
2*21 „ 

2*29 „ of mercury at 61*8°. 
2*26 „ of mercury at 0°. 


Ethyl alcohol, b. p* 78*4° Barometer = 766*5 mm. 
Height of mercury column in A = 465*30 mm. 

„ „ „ B= 446*86 


Difference = 9*44 

Depression due to air, 

1*80 X (273 + 78*4) X 760 . _ 




Hence vapour pressure at 78*4°= 7*11 „ of mercury at 78*4° 


= 7-01 


of mercury at 0°, 
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Benzene, b. p. 80*4° Barometer — 760 mm. 
Height of mercury column in A = 459*82 mm, 

B= 449*84 „ 


Difference = 9‘98 

Depression due to air, 

_ 1*80 X (273 4- 80*4^ _ 

273 


Hence vapour pressure at 80*4°= 7*65 „ of mercury at 80*4°. 

= 7*54 „ of mercury at 0°; 

Water, b, p. 100° Barometer = 759 mm. 

Height of mercury column in A = 45 9 *12 mm. 

» ,, ,, B=43/*S4 „ 


Difference= 21*28 

Depression due to air, 

_ 1*80 X (273 + 100) X 760 _ 

273 X 759 


Hence vapour pressure at 100°= 18*84 

= 18*50 

Acetic acid, b. p. 118°, Barometer = 760*4 mm. 
Height of mercury column in A = 460*86 mm. 

,> B = 420*60 


of mercury at 100°. 
of mercury at 0° 


Difference = 


40*26 


Depression due to air 

_ l*80x(273 + 116)x76Q 


273 


X 760*4 


Hence vapour pressure at 118°= 37*68 „ of mercury at 1 1 8° 

= 36*87 „ of mercury at 0° 

Isoamyl alcohol, b. p. 130°. Barometer = 76 1*6 mm. 

Height of mercury column in A= 462*66 mm. ^ 

3 > >> -j B = 396*50 ,, 


DiSerence= 66*16 

Depression due to air 

_ 1*80 X 273+, 138 X 760 • 

273 X 76-1 *6 " 


■2*70. 


^pressu:^ at 1S0^=: 63^46 


of imercury-at 130° 
of mercury at 0° 



AliLBN : THE MAXIMUM PRESSURE OF NAPHTHALENE VAPOUR. 411 


In Table VI are set out the results thus obtained by the barometric 
method. 

Table VI. 


Temperature. 

Corresponding, 
vapour pressure. 

Temperature. 

Corresponding 
vapour pressure. 

0® 


78-4° 

7*01 mm. 

15*6 


80*4 

7'64 „ 

39 


100 

18-50 „ 

46*8 

0-73 

116 

36-87 „ 

61-8 

2*26 

130 

61-95 „ 


a curve constructed. 


Fig. 2. 


Cwtve tf Vcbjpov/r Breaswres for N^aphtkal&ne, 



10® 20® 30® 40®-' 50® 60® 70® 80® 


Values obtained by evaporation method are marked ©. 
Values obtained by barometric method are marked -f . 
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The agreement between the two sets of values is very close ; from 
the curve shown on a reduced scale in Pig. 2, the maximum vapour 
pressures corresponding to every 5® were deduced. These values are 
given in Table TII. 

Table VIL 


Temperature. 

Corresponding 
vapour pressure. 

Temperature. 

Corresponding 
vapour pressure. 

; O'". 

0’02*2 mm. 

70*" 

3*96 mm. 

- 5 

0-034 „ 

|. 76,, ■ 

” 5*43 


10 

0-047 „ 

, 80 

7-4 


15 

0*062 „ 

i 85 

0*8 


20 

j 0-080 „ 

90 

12-6 


25 

0-lOS „ 

95 

15-5 


30 

1 0T35 „ 

; 100 

18*5 


35 

! 0-21 „ 

!! 105 

22*4 


40 

1 0-32 „ ; 

' 110 

27-3 


45 

0-51 „ ; 

i 115 

32-4 


50 

I 0*81 „ 1 

120 

40*2 


55 

1-26* ,, 

125 

49*8 


60 

1*83 „ { 

130 

61*9 


65 

2*65 ,, j 

1 

1 




In conclusion, attention may be drawn to the following points ; 

1. The great advantages that the ^^evaporation method” has over 
other methods in measurements of the low vapour pressure of solids 
at moderate temperatures, both in regard to accuracy and ease of 
manipulation. 

2. The rate of evaporation of the naphthalene into the three 
gase^ hydrogen, air, and coal gas is the same in each case, being 
independent of the nature of the gas. This is confirmed by other 
expOTuhents, in which carbon dioxide, acetylene, marsh gas, and air 
containing the vapours of ether, carbon disulphide, benzene, chloro- 
form, or ethyl alcohol, in quantities insufficient for saturation, were 
employed instead of the above three gases. 

3. The very much lower vapour pressure of naphthalene at moderate 
temperatures than has been hitherto accepted. 

The author desires to acknowledge his indebtedness to Professor 

F. D. Brown for help and advice received during the progress of this 
investigation. ore 
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XL . — The Maximum, Pressure of Camphor Vapour. 

By Kichard William Allen, M.A,, University College, 
Auckland, N.Z. 

In the preceding paper were recorded the results of some experi- 
ments on the maximum vapour pressure of naphthalene at moderate 
temperatures both by the evaporation and barometric ** methods, 
and the values found by the two methods were seen to be identical. 
The following experiments with camphor were made with the 
view of further testing the accuracy of the “ evaporation method,^' 
and as the numbers obtained differ somewhat from those usually 
accepted, it seemed desirable to communicate them to the Society. 
Camphor was selected for experiment, because its maximum vapour 
pressure at moderate temperatures was as uncertain as that of 
naphthalene, as may be seen from the adjoined table, Which contains 
the two sets of values found by Bamsay and Young {Fh'U, Trana., 
1884, Part I, 45), the first set measured in the barometric vacuum, 
the second in the apparatus they devised and described in the paper 
quoted. 

Table I. 


Temperature. 

Vapour pressure found in 
barometric vacuum. 

Vapour pressure found by 
Kamsay and Young. 

20® 

1 mm. 



1*8 „ 1 


41-2 

- 

1 *7 mm. 

62*4 

6-4 „ 


68’0 


7*2 „ 






35*4 , 

-100 

22*0 „ 


101 

27-2 „ 


The agreement between the two sets of values is by no means 
perfect, as is very evident when they are plotted out as curves* 

The camphor for my experiments was purified by sublimation, and 
the hght, feathery crystals thus obtained were dried over strong 
sulphuric acid. The apparatus and method of working were the same 
as with naphthalene. . 

The results obtained by the ^‘evaporation method^’ are given in 
table II (p. 414), : * 

TOL, LXXVII. Ct a y 
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Table IL 


Temperature. 

Duration of ex- 
periment. 

Weight of camphor 
carried over. 

Limit value. 

16*6" 

99 

1 hour 

3 hours 

0*0355 gram 
0*0357 „ 

0*038 gram 

85’ 

99 

99 ■ 

99 , 

1 hour 
labours 

3 „ 

44 „ 

0-0930 „ 
0-0938 „ 
0-0942 „ 
0-0960 „ 

1 0-101 „ : 

45’ 

99 

3 99 

6 „ 

0*2600 „ 
0*2616 „ 

1 0-278 „ 

49’ 

99 

14 hours 

3 „ 

0*345 „ , 

0*350 „ 

} 0-374 „ 

75’ 

99 

99 

H „ 

^ 99 

7 „ 

1-717 „ 

1-738 „ 

1-748 ■ 

]■ 2-01 „ 


These results give for the vapour pressure of camphor at the 
several temperatures as calculated by . Ostwald’s formula Physico- 
Chemical Measurements,” 114) 


62290 

vapour pressure mm. 

m V 


the following values \ 

[Table ni). 

Table III. 

Temperature. 

Weight of camphor 
carried over. 

' Corresponding 
vapour pressure. 

15*6’ 

0*038 gram 

0*14 mm. 

85-0 

0*101 „ 

0*33 „ 

45*0 j 

0*278 „ 

0*91 „ 

49-0 

0*374 „ 

1*23 „ 

76*0 

2*01 grams 

6*59 „ 


The values found by the evaporation method were now confirmed^ 
as in the case of naphthalene, by the « barometric method the 
m^h.^ of working, being exactly the same as before, need not be 
des<Mbed ^aiiu As in the case of naphthalene, it was found im- 
posmble to prevent a 4ninute quantity of air passing up the tube; the 
depressfen of column due to it was deterinined and 

allowed for in the mme way 
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In table IV are given the results now obtained by the barometric 
method.” 

Table IV. 


Temperature. 


Corresponding vapour pressure. 


17*0° 


0*15 mm. 


39*0 


0*53 „ 


46*6 

61,8 

78*2 


1*11 

2*82 

7*62 


ti 

99 


The numbers found by the two methods when plotted out were all 
found to lie exactly on the same curve, and consequently are identical 
at the same temperatures. 

Gwrve of Vapowr JBress^jt/res fm* Camphor. 


mm. 



10® 20® 3) 40® ^ 60® 60® 70® 80® 

Values obtained hy evaporaition •method are •marked 
Values dbtai^d hy method are marked + , 


G O, 2 
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The exact concordance of the two sets of results is a further proof 
of the value of the “ evaporation ” method in the measurement of 
very low vapour pressures. 

In the following table are given the maximum vapour pressures 
of camphor for every five degrees from to as read off from a 
curve where 20 divisions = 1mm. of vapour pressure. 


Table V. 


Temperature. 

Corresponding 
vapour pressure. 

Temperature. 

Corresponding 
vapour pressure. 

0" 

0*06 mm. 

46" 

0*90 mm. 

6 

O'OS „ 

60 

1*30 „ 

10 

0*10 „ 

66 

1*85 „ 

15 

0-12 „ 

60 

2*65 ;; 

20 

i 0*15 „ 

65 

8*40 „ 

25 1 

0-19 „ I 

70 

4*60 „ 

30 I 

0-26 „ ! 

75 

6*50 „ 

35 i 

0*38 „ 

i 80 

9*15 ,, 

40 i 

! 

0*60 „ 

1 



Part IL Note 


on 


XLL—Apiin and Apigenin. 

Vitexin, 

By Arthue George pEEKijir, B.II.S.E. 

The reactions of apigenin (Tmnsi, 189?, 7l, 805 ; 1898, 73, 666), the 
yellow colouring matter of parsley have indicated 

that it is mc^ probably a trihydroxyflavone. Its properties markedly 
resemble those of chrysin present in poplar buds, and the dihydroxy- 
fiavone constitution assigned to the latter compound by von Kostanecki 
(5^., 1893, 26, 2901) has received full proof from the synthesis 
recently effected by- this author in conjunction with Emilewicz and 
Tambor {Ber.y 1899, 32, 13, 2448). In assigning to apigenin the 
above constitution, one doubtful point exists as regards its behaviour 
towards fused alkali, for whereas at a lower temperature ^hydroxy- 
acetophenone is formed, a more energetic action gives, not only the 
expected jphydroxy benzoic acid, but also protocatechuic acid. On the 
the methyl and ethyl ethers of this colouring matter yield, 
potash, the corresponding ethers of jE?-hydroxy- 
that the formation of protocatechuic 
of oxidation than to the presence of a 
a?esirlng>lMi obto further in^ 
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fomation upon this point, the behaviour of apigenin with nitric acid 
has been studied ; this was also interesting as tracing further its 
analogy to chrysin, which also yields a mononitro-derivative (Piccard, 
1873, 6, 884), and might also elucidate the constitution of 
vitexin (Trans., 1898, 73, 1026). The last colouring matter is ap- 
parently very closely related to apigenin, for not only does it yield the 
same decomposition products, but forms with nitric acid a substance, 
C„H,0,(N02)„ having the composition of a tetranitroapigenin. 

Experimental. 

Action of Nitric Acid on Apigenin. « 

The crude material for these experiments was the apiin prepared 
by Merck of Darmstadt, and this was converted into apigenin by the 
method previously described (foe. 

Three grams of finely powdered apigenin were added to a solution 
of 12 grams of nitric acid of sp. gr. 1*42 in 60 c.c. of water, and the 
mixture digested at the boiling point for 20 minutes. A portion 
of the colouring matter was thus decomposed with formation of a pale 
yellow liquid and that remaining undissolved had a semigelatinous 
appearance. The latter, which when collected and dried, weighed 1*7 
grams, was extracted with boiling alcohol, the extract evaporated to 
a small bulk and cooled, a gelatinous precipitate thus separating; 
this oh gentle heating became more granular, and was then collected 
while hot and washed with alcohol. A concentrated solution of the 
product in hot nitrobenzene, when treated drop by drop with acetic 
acid, deposited crystals which were collected and washed. 

0T130 gave 0*2358 COg and 0*0341 H^O. 0 = 56*91 ; H:=3*36, 

0*1204 „ 5*2 c.c. nitrogen at 23° and 750 mm. 1:7 = 4*80, 

0*1150 „ 4*9 „ „ „ 21° „ 752 „ 17 = 4*79. 

requires 0=»6M4; H=2'86; 17 = 4*44 per cent. 

MommProapigenin, forms minute, orange-yellow, pris- 

matic needles, melting with decomposition at about 302° when rapidly 
heated. Dilute alkalis dissolve it with an orange coloration, bht 
with concentrated solutions a sparingly soluble orange-red salt is 
formed. As is to be expected, the djreing power of mononitroapigenin 
is slightly stronger, and the resulting shades of a more orange 
character than those given by apigenin itself. , 

. On evaporation to a small hulk, the djlute nitric acid liquid obtained 
during the preparation of this compound deposited crystals which 
were collected, washed with water, and purified by recrystallisation 
irom dilute alcohol. It formed colourless leaflets melting at 236 — 236°, 
was identified as m-dinitrO’]^h 2 /drQxpien^oie <md by the preparation 
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of ifcd ethyl salt, which was obtained as colourless needles melting 
at 86— 88^, , : . 

When vitexin (loc. dt) is submitted to the prolonged action of 
dilute nitric acid, the compound Ci 5 He 05 (N 02 ) 4 , is produced, but 
although numerous experiments were carried out, a similar substance 
could not be prepared from apigenin in this manner. More energetic 
methods were therefore employed. 

Apigenin, in quantities of 1 gram suspended in 6 c.g. of acetic 
acid, was treated drop by drop with about 4 c.c. of nitric acid 
of sp. gr. 1*42, the mixture being heated after each addition and 
allowed to stand until the action had moderated. The reddish-brown 
liquid at first produced became gradually paler and ultimately a trace 
of a crystalline powder separated; from this, the acid liquid was 
decanted, the residue washed with hot acetic acid, digested with a 
little nitric acid, and recrystallised by adding alcohol to its solution in 
hot nitrobenzene. The yield approximated to 5 per cent, of the 
apigenin employed. 

0*1089 gave 0*1780 GOg and 0*0295 Hp. 0«44*56 ; H=.S*00. 

0*0906 „ 8*4 c.c. nitrogen at 25° and 764 mm. N =: 10*39. 
01160 „ 10-8 „ „ 24° „ 763 „ 10*55. 

requires C =» 44*44 3 H«l*73; 10*37 per cent. 


The abnormal percentage of hydrogen recorded in the above 
Aualysis wa.s due to the sudden decomposition of the substance, some 
nitrous fumes thus passing to the sulphuric acid employed for the 
absorption of the water. 

TrmitToo^emn (a), forms minute, glistening, yellow 

needle, sparingly soluble in the usual solvents, and when rapidly heated 
mdlfe idyi deoompbsitioii at about 296°* lu its reactions with 
aikalim Sbldtions, it behave like the mononitro-compound, but its 
dyeing prdperti^ are stronger and the shades produced of a more 
orange character. Subsequent experiments showed that a larger 
yield could be obtained, if in place of apigenin the crude mononitro- 
derivative is nitrated as in the manner just described. Thus 3 grams 
of mononitroapigenin gave 0*6 gram of the trinitro-compound or 10 


per cent, on the weight of the apigenin first employed. 

, ITo higher nitro-derivative could be prepared by digesting trinitro- 
l^^igenin (a) with boiling nikic acid of sp. gr, 1*42. It was 
thus slowly decomposed, and a sample of undissolved substance col- 


lecled the reaction was evidently unchanged trinitroapigenin, 

igOtve^,©^ of nitrogen. It is more readily 

, : ; sp. gr. 1*^54, and the solution on evaporation 

^ crysi^' which/ after •, purification, 
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A preliminary study of the action of nitric acid of sp. gr. 1*54 was 
described in the former communication (loc, cit*\ but the crystalline 
product was too small in quantity for examination. A slight modifi* 
cation of the method, however, gave better results. Apigenin was 
added to cold nitric acid of sp. gr. 1*64 until the brown solution 
deposited a viscous mass, due to the dilution of the acid by the water 
produced in the reaction. This was redissolved by the addition of a 
little fresh acid, and, on gently warming, a crystalline product now 
separated i this was poured into a large volume of water, digested at the 
boiling point for a few minutes, and the insoluble residue then collected, 
extracted two or three times with boiling alcohol, and purified by 
adding alcohol to its solution in hot nitrobenzene. 

t ' 0*1126 gave 0-1830 002 and 0-0151 HgO. 0 = 44*32 ,* B: = 1-49. 

0-1033 „ 9-6 c.c. nitrogen at island 742 mm. 1^ = 10*47. 

CigHVOubTa requires 0 = 44-44 ] H= 1-73; br = 10*37 per cent. • 

It forms glistening, orange-yellow leaflets, considerably larger than 
the crystals of the nitro-derivatives just described, and when heated, 
sinters at about 240% and melts, with decomposition, at 246 — 246^ It 
is sparingly soluble in the usual solvents, yields, with alkalis, sparingly 
soluble salts, and on mordanted calico produces shades similar to those 
obtained with trinitroapigenin (< 35 ) melting at 296^. The results indi- 
cate that this is a second trinitro-compound, which may be called 
trinitroapigenin (5), and its identity was rendered certain by the 
examination of distinct preparations. 

The fact that apigenin yields two trinitro-derivatives indicated that 
it should form a tetranitro-compound, and with the object of pre- 
paring such a substance, a mixture of nitric and sulphuric acids was 
now employed. After numerous experiments, the following method 
was adopted, Apigenin (1 gram) was added, in small portions at a 
time, with frequent stirring, to a mixture of 12 c.c. nitric acid of sp. 
gr. J*64 and 12 c.c, of sulphuric acid. After standing for 15 minutes 
without further cooling, the mixture had become somewhat warm ; it 
was then poured into 760 c.c. of boiling water, the resulting opaque 
liquid being rapidly strained through calico to remove a trace of 
resinous substance. The filtrate, on digestion at tha boiling point, 
gradually deposited minute, orange-brown needles, which were col- 
lected, washed with water, and finally with alcohol, to remove a brown 
impurity. The product was dissolved in a little hot nitrobenzene, 
alcohol added to the solution, and the crystals which separated recrys- 
tallised in a similar manner. The yield was approximately 0*2 gram. 

0*1182 gave 0-1732 COg and 0*0168 HgO. C = 39*95 ; H = 1-58. 
0*1111 „ 12*3 c.c. nitrogen at 21° and 760 mm. N = 12*60. 

0*1068 „ 11-7 . „ „ 21° „ 758 „ N =12*44. 

H = l*35; K=12*44 per cent. 
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TetranitToa^pig&ifhin, CJ|5Hg05(!N02)4> forms almost colourless needles 
wHicii rapidly become yellow in the air, and melt, with decomposition, 
at 243—244°* . It is sparingly soluble in the usual solvents, and does 
not dissolve in alkaline solutions, orange-red, insoluble salts being 
thus formed. If its solution in hot nitrobenzene is diluted with benz^ 
ene, crystals containing nitrobenzene separate, which show signs of 
melting at 150°, owing to its liberation. It dyes mordanted calico 
similarly to the trinitroapigenins. 

In its general reactions, this compound is thus identical with the 
substance, C/j5Hg05(N02)4, previously obtained from vitexin {loc, ciL), 
The melting point of this compound is given as 239 — 241°, but this 
slight diSerence is of little importance, for the very meagre yield of 
the substance from vitexin (2*5 per cent.) did not permit of a fuller 
purification than that recorded in the paper. The similarity of the 
melting points of tetranitroapigeniu and trinitroapigenin (6) is 
remarkable. 


Action of JSfitric Acid on Apiin, 

Apiin, is the gluooside of apigenin, and its decomposition 

acids can he represented as follows ; 


^27^S2^16 'b II2P ^15^10^6* 

Gerichten {Ber,^ 1876, 9, 1124) did not study the action of nitric acid 
on apigenin, but obtained from apiin with this reagent picric and 
oxalic acids. 

To avoid the tedious operations involved in the conversion of apiin 
into apigenin which require at least 3 days, it seemed possible that dilute 
nitric acid would decompose the glucoside into apigenin, which would 
J)e«i6me simultaneously nitrated. Addition of nitric acid tb a boiling 
^ueoUs solution of apiin caused the gradual separation of a yellowish* 
white, gelatinous precipitate, but this, although containing nitrogen, 
had not the properties of any of the nitroapigenins. The substance 
prepared in this manner was difficult to manipulate, and this suggested 
the nitration of apiin in the presence of boiling 60 per cent, acetic 
acid. In this case, although the apiin did not appear to dissolve, a 
brisk reaction ensued, and when this had moderated the mixture was 
diluted with acetic acid and the insoluble residue then collected and 


wa&ed first with acetic acid and then with alcohol. As analysis 
slewed the presence of 3*35 per cent, of nitrogen, intermediate be* 
^lialrequirM for a nitroap^^ {N==:2*13 per cent.) and a nitro- 
cent.), it appeared to be insufficiently nitrated,^ 
with boiling nitric and acetic acids produced no 
' C ^ ' preparations gave, simile 

compound is formed 
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0-1245 gave 0-2338 GO^ and 0-0497 HgO. 0 « 51*21 ; 4*43. 

0-1188 „ 0*2216 003 „ 0*0500 HgO, 0 = 50*87 ; H=« 4*67. 

0*1427 ,9 4*2 c.c, nitrogen at 24° and 766 mm. ]Sr = 3*27. 

requires 0 = 50*91 ; H = 4*24; N = 2*83 percent. 

It is a pale yellow, crystalline powder melting at 254 — 255° when 
slowly heated, sparingly soluble in the usual solvents, soluble in dilute 
alkalis with a yellow coloration. It dyes mordanted calico analogously 
to mononitroapigenin, The yield in Jone operation was 33 per cent, 
by weight of the apiin employed. To determine if this substance was 
a nitro-glucoside, it was digested for 10 hours with dilute hydrochloric 
acid. The main bulk of the product, previously insoluble, now dis- 
solved in boiling alcohol, and from this solution, by evaporation, a 
granular, yellow precipitate could be obtained, which crystallised 
from a mixture of nitrobenzene and alcohol in minute, orange-yellow 
needles. Its properties and the following analysis proved its identity 
with the mononitroapigenin above described. 

0*1125 gave 4*75 e.o. nitrogen at 21° and 755 mm. IT = 4*77 per cent. 

The action of nitric acid upon apiin consists, therefore, in the re- 
moval of one molecular proportion of glucose, and the formation of the 
nitro-compound of a new gluooside of apigenin. It is remarkable, 
however, that the second glucose molecule cannot be removed by the 
prolonged action of nitric acid, and that the only change is one of 
slow but complete decomposition, m-dinitro-j>-hydroxy benzoic acid 
being recognised as the main product. As shown above, dilute hydro- 
chloric acid effects this change, which occurs probably as follows ; 

^ 21 ^ 21 ^ 11*^^2 ~ ^ IsH - a ^ S *^ ^2 ^ 6 ^ 12 ^ 0 * 

It is proposed to call this substance nitroapigetidni as it is derived 
from the new glucoside apigetTin 9 which differs from apigenin in con- 
taining but one glucose residue. 

In the previous communication, it was pointed out that, in order to 
obfedn ah apigenin free from glucose, it is necessary to digest apiin 
for 20 hours with dilute acid. In the light of the above result it 
seemed possible that apigetrin might be prepared from apiin by a gentle 
decomposition with acid, but experiments in this direction yielded in 
each case a product cpntaining apigenin. It seems, therefore, that the 
difficulties encountered in preparing pure apigenin are mechanical 
rather than chemical, and that the seini-gelatihous precipitate of the 
ccdouring matter which is first produced, being saturated with the 
.glticoside solution, protects this, to a considerable extent from the 
action of the acid, 
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Constitution of Vitexin, 


The identity of the decomposition products (phloroglucinol, ^hydroxy- 
acetophenone, tod dinitro-^-hydroxybenzoic acid) and the similarity of 
the dyeing properties of vitexin and apigenin, led to the opinion that 
the constitution of the former might be represented by that of the latter 
with a side chain attached (Trans., 1898, 73, 1080). As there is now 
little doubt of the identity of tetranitroapigenin with the compound 
Cj5Hg05(Nr02)4, derived from vitexin, the reasonableness of this view 
is evident. In considering the constitution of vitexin, to which the 
provisional formula CigH902(0H)5 was assigned, the number of hydroxyl 
groups is remarkable. These are not fully accounted for by its de- 
. composition products, or expressed in its feeble dyeing properties, and 
as the apigenin complex it contains has only three hydroxyl groups, 
it is evident that the molecular weight is higher than that implied 
above, and that the side chain or residue of the molecule must conse- 
quently be rich in hydroxyl. These considerations have led to the 
suggestion that vitexin is probably a very stable glucoside of apigenin 
represented by the formula (0 = 58*38 j H = 4*62 per cent.), 

thus; 

^21^20^10 ~ ^15^10^6 "h 

Yitexin, Apigenin. 


This conclusion is in harmony with the mean of the previous 
analytical results (0 =* 68*58 ; H = 4*46 per cent.). Previous figures 
indicate that this compound ctotains seven hydroxyl groups, for the 
yield of vitexin from its acetyl derivative, ^2iHi30io(C8HgO)^, was 
67*80 per cesit , ; calculated, 67*96^ 

> A minor point is the dull olive coloration which a sulphuric acid 
‘ sidu^on of vitexin develops on heating, for this reaction is abnormal 
and not possessed by colouring matters of the apigenin type. On the 
above theory, this would be caused by the partial carbonisation of the 
sugar group, and it is interesting to note that quercetrin, the gluco- 
side of quercetin, gives in this way a somewhat similar coloration. 
The insolubility of vitexin and its stable nature are at first sight 
opposed to the above view, for most glucosides are soluble in hot water 
or alcohol, and readily decomposed by acid. Curiously enough, the 
fliaimer property is possessed by the nifcpoapigetrin described in this 
which, although very sparingly soluble, is a glucoside, and the 
lnstu%. the glucoside of fisetin (Schmid, £er., 1886, 19, 1768), 
iJie constitution of a glucoside, it is probable, 
properties, that the method of attachment of 
molecule differs from that usually 
type of these compounds. In a 
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previous communication, scoparin (Proc., 1899, 16, 123) was shown 
to have properties in harmony with b, methoxymtexin^ and this, if con- 
taining a sugar group, should thus be a gluGOBide of a luteoUn mono- 
rmth^l ether. Although its stability, as is the case with vitexin, has not 
allow^ of direct evidence on this point, the results at present 
obtained appear to coincide with this view. A continuation of the 
work on scoparin and vitexin is now in progress, 

The author^s thanks are due to the Research Fund Gommittee of 
the Chemical Society for a grant which has in part been used for the 
expenses of this investigation, 

CliOTHWOKXERS* RESBA.EOH LaBOBATOBY, 

Dyeixg Bbpaetment, 

YOEKSHIBJS CoitLEGE, 


XLIL — Yellow Colouring Principles contained in Various 
Tannin Matters. Part VIL Arctostaphylos Uva 
urs% Hcematoxylon Oampeachianum, Rhus Metopium 
Myrica Gale, Coriaria myrtifolia, and Rohinia 
pseudacacia. 

By Abthttb George Perrin, P.R.S.E, 


This paper embodies the results which have been obtained from time to 
time during the past eighteen months in continuation of the investiga- 
tion of the colouring matters associated with various tannins in plants 
(Trans., 1896, 69, 1289, 1299, 1303,; 1897, 71, 1131, 1194 ^ 1898,73, 
374, 1016). Tho selection of each plant was suggested by some point 
of ^teirest in connection with the tannin or colouring matter which a 
preliminary investigation indicated to be present, whereas the main 
work was undertaken to determine whether any general relationship 
exists between the tannin and colouring matter so frequently occurring 

together (Trans., 1897, 71, 1I38X 

' In the earlier stages of this work, a relationship was noticed between 


studied (Trans., 1897, 71, 1138), as both contained a similar nucleus. 
The exceptions brought to light during further investigation, however, 
are too numerous to allow of a rule being laid down on this point, 
although such a relationship is more usual than otherwise. It is 
probable that in some instances the plants contain both catechol and 
pyrogallol taniw^ a^ is th§ case with- the Qtishrackq QoloraM (Tran^i 
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1896j 69, 1306), and that some exceptions are only apparent. Such a 
mixture of tannins, howev'er, does not occur, in the Goridna myrtifolia 
described below, as this contains only gallotannin, and it is evident 
that this substance and the co-existing quercetin do not possess similar 
nuclei. It is interesting to note that myricetin as yet is only known 
to be present in plants which also contain a gallotannin. 


Aroiostaphylog Uva ursi. 

The Arf^Oitwphylm Uha ursi, or bearberry, is found in Great Britain 
and throughout IN'oHihem Europe. The whole plant is astringent and 
has been employed for tanning leather. It contains arbutin (Ka waller, 
Anna^en, 1852, 84, 356), ericoHn (Kawalier, Jahresh,, 1852, 685), and 
gallotannic acid (B. de Graffe, Amer. J, Fharm., 1896, 68, 313), In 
the piresent investigation, the leaves only were employed and were 
obtained by purchase from Merck of Darmstadt. 

The yellow colouring matter was isolated by the method described 
in the case of Ehits OooHaria (Trans., 1896, 69, 1299). The crude 
product obtained in this manner was a mixture of the colouring matter 
with dlagia and gallic acid, the latter being derived from the gallo- 
tannin by the action of the acid employed in the operation. After 
washing with water, the residue was extracted with alcohol, and the 
ellagic acid which remained undissolved was identified by its dyeing 
pwperties and characteristic reaction with nitric and nitrous acids 
(Griessmayer, Aimalen, 1871, 160, *55). 

The alcoholic extract was evapomted to a small bulk, diluted with 
boiling water, and the precipitated colouring matter collected and 
ciystaUised from dilute alcohol. The yield was approximately 0*3 per 
.cent; ' 

P'0972 gave 0*2110 OOg and 0*0313 HgO. 0= 59*20 ; H « 3*57, 
^15^10^7 59*60 ; H =s 3*31 per cent. 

The ^yl compound, obtained as colourless needles, 

melted at 190 — 192°, 


0*1153 gave 0*2416 00^ and 0*0410 JSfi, 0 = 58*21 ; H=;3*99, 
^ 25 ^^ 20^12 requires C = 58*59 ; H 3*90 per cent. 


Fusion of the colouring matter with alkali gave phhrogluoinol and 
proUmMmie acid ; the latter, however, did not melt quite sharply, 
and appeared to contain a trace of a second acid. 


'JMs colouring matter difEered from quercetin, with which it other- 
he .identical, in the fact that dilute alkaline lioiuids 
coloration. ExpOTiments were therefor® 
ne if the maolaon 'ffas eharacteristio of the 
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The green colour was fugitive in character, and as it was possible that 
the second stibstance, by which it was presumably caused, might be 
more readily oxidised in this manner than the colouring matter, the 
alkaline solution was exposed in a shallow dish to the air, but 
the green colour did not disappear until the entire substance was 
decomposed. 

The colouring matter was therefore converted into its monopotass- 
ium salt (Trans., 1899, 75, 438) and into its sulphate (Trans., 1895, 
67, 644), for these operations usually effect a removal of non-tinctorial 
impurities. The colouring matter regenerated from both compounds, 
however, still dissolved in alkaline solutions with a green coloration. 

With a similar object^ but also without success, some quantity of the 
substance was acetylated, and the product, after repeated crystallisa- 
tion, decomposed in the usual manner. 

2*7767 gave 1*6410 

C^^'ELfi^{023i^O)p requires 58*98 per cent. 

These results pointed to the fact that the main bulk of the dye-stuff 
was quercetin, and as its abnormal behaviour with dilute alkali could 
be explained by the presence of a small quantity of myricetin, which 
is known td occur in numerous natural tannins, the action of bromine 
on the colouring matter was studied, the bromo-derivative of quercetin 
being distinguished from that obtained from myricetin by its sparing 
solubility in alcohol (Trans., 1896, 69, 1293). The substance made into 
a thin cream with acetic acid was treated with a slight excess of bromine 
and left for 48 hours. The greater part of the product crystallised 
in glistening needles melting at 243® (found 0 = 40*19; H = 2’96; 
Cj5H807Br2 requires 0 = 39*13 ; H = l*74 per cent.), and appeared to 
be dibromoquercetin, from which a trace of bromine had been 
eliminated during the purification.' Dibromoquercetin, as Herzig 
has shown (Monatsh,, 1S97 , 18, 700) is reconverted into quercetin by 
means of hydriodic acid, and the above product by this method gave a 
colouring matter which now dissolved in alkalis with a pure yellow 
colour, and had all the properties of pure qmrcetin (found 0 = 59:27.; 
H= 3*88 per cent.). 

The colouring matters of the leaves of Arcto^ta^yloB Vm 
therefore ellagic acid and quercetin, together with a trace of a dye- 
stuff soluble in dilute alkalis with a green coloration. The latter is 
probably myricetin, but this could not be definitely ascertained, owing 
to the small amount of raw material which the leaves contain. 

Broach leaves (Trans., ,1897, 73, 384), a South African tannin 
matter, have been shown to contain a colouring matter, 
differing only from quercetin by the green colour of its alkaline solu^ 
tions. There can be little doubt from the above results that this also 
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is due to tlie presence o! a second colouring matter, which is analogous 
to, or identical with, mjricetin* ; ? 


Th^ Leaves cf Smmato^ylm Gam]pmcHanyM, 

For a supply of the leaves of this plant, I am much indebted to 
Mr. W. Fawcett, Director of Public €terd©ns and Plantations, 
Kingston, Jamaica. They were examined for the presence of a colouring 
matter, in case this should be chemically related to the hmmatoxylin, 
which is present in the stem. The isolation of a yellow dye-stuff 
rendered such a relationship unlikely, hut the work was continued in 
ordmr to study a tannin which was present in some quantity. The 
dye-stuff was obtained as yellow needles soluble in dilute alkalis with 
a green coloration* 

0-1164: gave 0*2540 CO^ and 0*0392 HgO. 0« 59*51 ; H==3*74. 

requires 0 = 59*60 j H=3*31 per cent* 

The acetyl derivative, 0j5H507(02Hg0)5, melted at 190*^. 

0*1056 gave 0*2258 and 0*0410 HgO. 0«58*31 ; H=4‘31. 

O25H20O12 requires 0=58*59 ; H = 3*90 per cent* 


The main products of the action of fused alkali on the colouring 
matter were ^Moroglimnol and ^otoiMechuic cLcnA, The substance 
therefore appeared to be quercetin,^ accompanied, like that contained in 
the b^berry leaves, by myricetin in sinall quantity* On treatment 
with bromine, the bulk the product <apystallised from alcohol in 
y^ow needles moling at 232—234% and the colouring matter re- 
generated £r^ this by l^driodie acid (Mi^lved in alkalis 

.ipcHh a. yellow eciour, imd had the reactions of pure 
> l^ves were extracted with boiling alcohol, the 

extract evaporated to a small bulk, poured into water, and the mixture 
treated with ether in order to remove wax and chlorophyll. From the 
brown aqueous liquid, after saturation with salt, the tannin was 
extracted with ethyl acetate, and the solution cautiously evaporated. 
The viscous residue was dissolved in water, and salt added, causing the 
precipitation of a brown impurity, which was removed by agitation 
with bibulous paper and filtration. By subsequent extraction with 
ethyl acetate, the tannin was obtained as a yellow, friable mass. 


<>•1182 ^ve0*2304 GO2 and 0*0428H:20. 0 = 53*16 \ H = 4*02 per cent* 

i>p^^eafeeiririiik bdling dilute sulphuric acid, it yielded gaXlic acid, 

at 238^240°. As it further gave a 
."with aqueous ferric chloride, but no precipi* 

.... 
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Professor E* Procter was good enough to undertake an examina- 
tion of the tanning properties of the leaves, and I am indebted to 
him for the following account of his results : 


Tanning matters 9*5 per cent. 

Soluble non-tanning matters 17*5 „ 

Insoluble at 60° E 62*8 , 

Water 10*2 „ 


100*0 

“The tanning strength, 9*5 per cent., is too low to allow of the 
profitable exportation of the leaves as such, but the colour of the 
leather tanned by them is by no means bad, and if a satisfactory 
extract of not less than 25 per cent, strength can be produced from 
them, it would no doubt find a market in this country.” 

Accordmg to Mr. W, Fawcett, the sample of leaves employed . in 
this investigation was of somewhat poor quality, owing to collection 
late in the season. It is probable that at an earlier period they 
contain more tannin, for an analysis of selected leaves gave 1P2 per 
cent, of tanning matter. . 


Ehvs Metopium, 

I" am also indebted to Mr. W. Fawcett for samples of the 
s^ms and leaves of this plant. Its comparison with jR. Goimm 
and R. rhodanthemob was of interest, because the leaves of the 
latter contain a colouring matter which is distinct from that of the 
stem (Trans., 1897, 71, 1016). Beyond a trace of ellagic acid, the 
stem of R, Metoplum is devoid of colouring matter, and from an 
examination of other members of this class, the properties of R. Gotinm 
and R, rhodanthema in this respect appear to be somewhat exceptional. 

The colouring matter of the leaves was obtained in the form of 
yellow needles soluble in alkaline solutions with a deep green colora- 
tion, and s^med to be myricetin, but further experiment revealed the 
presence of two substances. Thus the acetyl compound had no definite 
melting point, and, on analysis, gave numbers (O — 67*26 ; Ha* 4*61 
per cent.) intermediate between those required by ^etylmyricetin and 
acetylquercetin. To separate as far as po^ible the constituents of 
the mixture, this acetyl compound waB fractionally crystallised from 
sdcohol, and in this way a less soluble portion was eventually ob- 
tained which had the properties of OjgH 40 g( 02 H 30 )^, 

and melted at 204 — 206°. 

, 0^^055 gave 0*2200 002 and 0*0396 HjO C=* 56*87 ; H = 4*17. 

. i:^uires 0«66*84 ; 3*86 per cent. 
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A poftion was hydrolysed with acid, and the regenerated, colourihg 
saiatter analysed : * 

0-0963 gave 0-1993 OO 2 and 0-0306 HjO. 0 = 57-03 ; H= 3 - 54 . 
CSitHioOg requires 0 = 56-60 ; H:= 3-14 per cent, 

It was obtMned as glistening, yellow needles, and had the charac- 
teristic reactions of mynoetin. The -amount present in the leaves is 
approximately O’l per cent. 

The identification with certainty of the second colouring matter was 
more diflScnlt, for it was by far the minor constituent of the mixture. 
From the more soluble portion of the mixed acetyl derivatives, a 
fractionwas obtoned melting at 189-19P, which appeared to be aoetri- 
quercetin, but the colouring matter regenerated by hydrolysis with 
acid proved to contain a trace of myrieetin. It was therefore treated 
compound was thus obtained which melted at 
237-239 , and was evidently dibromoquercetin. Qu^eetin is timm-' 
fore the second colouring matter of the leaves of H. M&topvwm, 

WOtOCatM, JS 

among the pr^ucts formed by the action of fused alkali on the mixed 
colouring matters. On account of their small quantity, the above 
products could not be analysed, 

re?mbtthI?nT‘p^ matters, the leaves of the Ehus Metopium 
ramble those of if. Gotvrms, R. Th>danAerm, and if. Coriariavve- 

mS^ti^ ’ ‘^'^‘^J^^spectively myrieetin, quercetin, Ld 
^^®f®sor of r: 

Sr ^ 

K^lubie npn-*tahmng matters,,,,,.*,. - ^ 13*0 

Insolnble at 60° F. ... ^ * bok ” 

10-3 .. 


Cortaria myriifoUa, 

^Ooriaria myHifoRa is a low. deciduous shrub, native of Southern 

examined by - 

^ pL’ *■>»»- 

4 A *ii 1 *.- j xor a supply ot the leaves, I am much indebted 

^ Xhe ca-nde yellow colouring matter, isolated in 
q^tained ellagic acid, which, on extraction with 
was identified by .tKe ..usual tests. 
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The alcoholic extract was evaporated to a small bulk and diluted with 
botog water, and the colouring matter which thus separated was 
collected and crystallised from dflute alcohol. It formed glistening, 
ye ow needles soluble in alkaline solutions with a yellow, colour. 

0-1126 gave 0-2456 COg and 0-0360 HgO. 0 = 69 -48 j H = 3-45. 
requires 0 = 69-60; H = 3-31 per cent. 

The acetyl compound. was obtained as colourless 

needles melting at 191°. 

0-1135 gave 0-2421 COg and 0-0450 HgO. 0 = 58-17; H = 4-40, 

CggHggOig requires O = 68-69 ; H = 3 -90 per cent, ’ ' 

and protoeaUchvic add, 

this colouring matter was evidently quercetin. 

jme taimm of this plant is known to be gallotannic acid, and 
evidence of this was forthcoming by the isolation of much galKc acid 
during the extraction of the colouring matter. An analysis, carried 
ont under the direction of Professor Procter, gave the following result ; 

Taking matter.-. 15-6 per cent. 

ooluble non-tanning matters 27 * 4 ; 

Insoluble at 60 ° F. ... 43.7 ” 

^3 ;; 

100-0 

The colour of leather tanned by these leaves is very satisfactory, 
and p^tically equal to that produced by genuine sumach (R. Coriaria) • 
the strength in tanning matter, however, is considerably inferior, eo^ 
samples of sumach reaching 25 and even 30 per cent, of this material. 

Myrica Gale, 

** exists in numerous plants: 

with the exception otihe Myrica Magi, which is difficult to obtain th^ 
quantity pr^nt m each is so very small that its further ' 

has bMn ^ necessity postponed until a more fruitful sooroe kdis. ' 
covered. With the latter object M. the ordinary bog^yrae. 
WM examined, in the hope that it might contain some quantity of the 

T ^tter.^ For a supply of the bark and leaves. X am indebted 
to the kmdness of Professor J. J. Hummel.; 

The colomi^ ^tter of the leaves was obtained as glistening, yellow 
needles, soluble in alkaUs with a green coloration The yield was 
approximately 0-1 per cent. 

Found d = 66 -67 ; H = 3 -69. 

OigHioOg requires 0=66-60 ; H= 3-14 per cent. 

VOL. LXXVll. H H 
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The acetyl compound, Oj 5 H 40 g( 02 H 30 )g, formed colourless needles 
melting at 204 — ^206*^. 

' Found C=. 56*57 ; H = 3*86, 

requires 0*56*84 ] H=i 3*86 per ceitt; 

On fiision with alkali, phioroglucinot and an acid resembling gallic 
acid were obtained; the colouring mattei? was therefore myricetm, 
but although the result is interesting, in that it confirms the con- 
clusions of the botanist, Jf. Gah cannot be employed as a source of 
this colouring matter in quantity, lie bark was almost devoid of 
dyeing properties, but appeared to contain a gaUotannin. 

The experiments on this plant were largely carried out by Mr. 
I. F. J. Wilkinson, to whom my best thanks are due. 


The Leaves of Rohinia pseudaeada. 

The Rohinia pseudacada (common or false acacia, North American 
locust) is a native of the United States, from Pennsylvania southward 
to Carolina, where its timber is extensively employed. It is also 
cultivated in France. The flowers have been examined by Zwenger 
and Bronke (Aimalen, Suppl., 1861, 1, 267)j who isolated from them 
a quercetin glucoside, robinin, which differed from quercitrin in yield- 
ing no precipitate mth lead acetate. For a liberal supply of the 
barkj stem, and leaves^ I am much indebted to Br. M. Jarry of Paris. 

A boiling aqueous decoction of the leaves was treated with basic 
lead acetate solution, and the resultii^ pale yellow precipitate sus* 
pended in water and decomposed with boiling dilute sulphuric acid. 
From the clear liquid decanted from the lead sulphate, the colouring 
matt^ was removed by extraction with ether and purified by crys- 
tallisation from dilute alcohol* the yield was 0*14 per cent, of the 
crude substance, and this, on purification, was reduced approximately 
by one-half. 

0^0969 gave 0*2412 CO^ and 0‘0442 HgO. 0^67*88; H«6*06. 

^ 0*1126 „ 0*2787 002 „ 0*0490 HgO. 0 « 67*49 ; 4*84. 

CjgHiPg requires 0=a 67*60 ; H==* 4*22 per cent* 

This new colouring matter, for which the name aeaeetin is proposed, 
forms almost colourless needles, soluble in alkalis with a pale yellow 
coloration. With alcoholic lead acetate, it yields a yellow precipitate, 
but owing to the instabili^ of this compound in the presence of dilute 
add, it is not entirely precipitated in this manner. It does not 
potassium acetate, or compounds with mineral acids, 
sdd does not contain hydroxyl groupsin relatively 

: out by its feeble dyeing properties* With 
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tsiiiphuric acid, it gives a pale yellow solution, and with alcoholic ferric 
chloride a deep reddish-brown coloration. 

The ac^iyl derivative, CligHiQ05(C2H30)2, formed colourless needles 
melting at 196 — 198°, and is sparingly soluble in alcohol. 

0-1002 gave 0-2373 OOg and 0*0390 HgO. 0 =: 64-58 ; H =* 4-32. 

requires C == 66*21 ; H =* 4*36 per cent. 

By decomposition with fused alkali, acacetin yielded pMorogluoinoty 
and an acid melting at 210° having the reactions of ^^hydroxyhenzoid 
ctitii. In the crude condition, the latter was contaminated with a trace 
of a second acid, which gave mth aqueous ferric chloride a green 
coloration, and appeared to be protocatechuic acid. The colouring 
matter contained one methoxy-group, 

0*1414 gave 0*1086 Agl. OH3*4*89. 

0 j 5H304(0-CH3) requires OHg = 5 *28 per cent. 

The hydriodic acid left in the distilling flask in this determination was 
poured into a solution of sodium hydrogen sulphite, and the precipitate 
collected and purified by crystallisation from dilute alcohol. 

0*1076 gave 0-2615 CO^ and 0*0390 HgO. 0^66*34; H=.4-03* 
requires Oa= 66*66 = 3-70 per cent. 

The product was obtained as almost colourless needles, soluble in 
alkalis with a pale yellow coloration. "With alcoholic ferric chloride, a 
deep reddish-brown liquid was obtained, and these reactions^ together 
with its dyeing properties, indicated its identity with the 

colouring matter of parsley (Trans., 1897, 71, 805). This conclusion 
is in harmony with all the results of the investigation, and there 
can be little doubt that acacetin is a monom^thyl ether of wpigmin^ 
The amotmt of acacetin available for this work was only 2 grams> 
consequently a further characterisation of the apigenin was impossible. 
When a new supply of raw material can he obtained, this colouring 
matter will be further studied. 

It is interesting to note that whereas an apigenin monomethyl ether, 
as a glucoside, is contained in the leaves of this plant, a quercetin 
glucoside occurs in the flowers (Zwenger and Dronke, loo, cit,)^ quercetin 
being probably a dihydroxyapigenin. If opportunity occurs, a re^ 
investigation of robinin will be undertaken. 

The stem and bark of Rohinio^ pseydaGOtom are devoid of colouring 
matter. 

Tanning The following analyses of the leaves and 

the bark were carried out under the direction of Professor Procter ; 

H H 2 
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Leaves. 

Bark. 

Tanning matters ................. 

8-2 

2*8 per cent* 

Soluble non-tanning matters 

.. 9-6 

12-8 „ 

Insoluble in]water at 60® F. . . . . , 

73-4 

75-3 

Water 

.. 8-9 

9-1 „ 


100-0 

100-0 


The leaves contain too small an amount of tannin to be of much 
value as a tanning material, and the bark is practio^ly worthless 
in this respect. Qualitative tests indicated the absence of tannin in 
the stem of the plant. 

The author is indebted to the Besearch Bund Committee of the 
Chemical Society for a grant which has been in part employed for 
expenses of this investigation. 

Clothworkers* Research Laboratory, 

DyBUTO DERARTMEaiT, 

Yorkshire College. 


XLin . — Potamum Nitrito-hydroximidosulphat^s and the 
Non-existence of Dihydroxylamine DeHvatives. 

By Edwabd Divers, M.D., D.Sc., F.R.S., Emeritus Professor of 
Chemistry, and Takemasa Haoa, D.Sc., Professor of Chemistry 
in the Tokyd Imperial TTniversity, Japan. 

liiKE potassium nitrate (Trans,, 1894, 65, 623), potassium nitrite 
forms double ssdts with the potassium hydroximido^lphates (sul^ 
phonates); and the non-recognition of their existence has given 
rise to mistaken notions as to the nature of the products produced by 
the sulphonation of nitrous acid. 

FotOBBium NUrUt cmd 2/3 Nc^mal Hydroximidostdphate^ 
1:K02,H0]Y(S03K)2. 

—The sparing solubility of 2/3 normal potassium hydroximidosulphate 
in water is so little affected by the presence of potassium nitrite, 
that it crystallises out again almost pure on cooling a hot solution, even 
if this contains as much as one^eixth of its weight of the nitrite ; 
when however, more nitrite than this is present, a salt separates 
which is a compound of the hydroximidosulphate with a mol. of the 

salt is formed in the cold when the 
with a siarong solution of the nitrite 
ineweea. I If precautions are taken against the hydrolysis of the 
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very unstable hydroximidosulphate, this salt can be dissolved at 70° 
in as little as 3*8 times its weight of a 22 per cent, solution of nitrite, 
and on cooling, the solution deposits the crystalline double salt in 
quantity equivalent to about 12/13 of the hydroximidosulphate. 

Whilst the hydroximidosulphate itself crystallises in hard, rhombic 
prisms with 2 H 2 O, its compound with the nitrite forms silky, asbestos- 
like fibres, which are anhydrous ; the compound salt differs also 
from potassium nitrite in not being deliquescent, but in other 
properties, is indistinguishable from a mixture of its component 
salts. It can be recrystallised from a hot lO per cent, solution 
of potassium nitrite. It is neutral to litmus and very soluble in 
water, but its solution soon deposits crystals of the 2/3 normal 
potassium hydroximidosulphate, unless it is very dilute. In any 
case, the hydroximidosulphate can be separated from the nitrite 
by precipitating it with barium hydroxide. Like a hydroximido- 
sulphate (Trans., loc. cit,\ the solid salt, when digested with a highly 
concentrated solution of potassium hydroxide, is converted into sulphite 
and nitrite. When acidified, its solution becomes yellowish, and soon 
effervesces from escape of nitrous oxide, leaving potassium hydrogen 
sulphate in solution ] this effect is due to the hydroximidosulphate 
being a sulphonated hydroxylamine, and hydroxylamine, with nitrous 
acid, decomposing into nitrous oxide and water. It decomposes ex- 
plosively when heated — more so than does the hydroximidosulphate by 
itself — giving off almost colourless gases and white fumes. 

: The compound salt can be purified from other salts or from alkali 
by recrystallisation from a sufiiciently concentrated potassium nitrite 
solution, but from its own mother-liquor it must be separated by drain- 
ing on a tile, such draining being very effective because of the felted, 
fibrous form of the salt, its non-deliquescent nature, and the hygro- 
scopic character of a solution of potassium nitrite. The analysis of 
the salt was made in the usual way described in our previous papers 
on hydroximidosulphates and other sulphonated nitrite derivatives. 
By boiling its solution with an acid, most of its sulphur appears as 
ordinary sulphate, but not quite all ; so that, in estimating the 
snlphur, the solution must be hydrolysed for some hours at 150° 
under pressure. 

Potassium. Sulphur. 

Found 33’14 17*95 per cent. 

requires 33*10 18*06 „ 

There are other ways in which the potassium mtrito-2/3 normal 
hydroximidosulphate may be formed, all consisting essentially in pro- 
ducing the hydroximidosulphate by sulphonating a small portion of the 
potassium nitrite in a concentrated solution. Thus, the following mode 
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of working will give good results with certainty, but it may be 
widely deviated from with due consideration and precaution, provided 
only that a concentrated solution of nitrite be employed . Potassium ni- 
trite, 30 grams; potassium hydroxide, 10 grams; water, 50 to 100 grams, 
are to receive a current of sulphur dioxide freely until crystals begin 
to form, the containing flask being all the time agitated in a cooling 
bath of ice and brine. The sulphur dioxide is now passed in more 
slowly for some time longer, and then stopped. After half an hour, 
the salt deposited from the solution is collected and drained on a tile. 
Its mother liquor is alkaline to litmus, but not to rosolic acid (presence 
of sulphite, absence of alkali); the well-drained salt itself is only 
faintly, if at all, alkaline to litmus. The double salt is also produced 
when to an ice-cold, nearly saturated solution of potassium nitrite, a 
similar solution of potassium pyrosulphite is very slowly added until 
crystallisation begins, and the solution is allowed to stand for some 
time. Prepared in this way, the compound salt is liable to be 
contaminated with a little nitrilosulphate and sulphite. The experi- 
ment just described was made flrst by Baschig, but he attached to it a 
significance unlike that here presented. Discussion of his views will 
be found towards the end of this paper. 

There is yet another way in which this potassium nitrito-hydr- 
oximidosulphate can be produced, which it is of interest to mention, 
because it illustrates the decomposibility of potassium 5/6 normal 
hydroximidc^ulphate into the normal and 2/3 normal salts. While 
the 2/3 normal salt dissolved in 16 per cent, or stronger solutions of 
the nitrite, crystallises out only in combination with nitrite, the 6/6 
normal when dissolved in a nitrite solution of even 50 per cent., 
for the m<^ part crystallises out again uncombined ; generaJdy, how- 
ever, with tMs length of nitrite solution, a little fluffy or cotton-like, 
lustreless matter also separates. If now, to this fluffy matter, sus- 
pended in its cold mother liquor carefully decanted from every 
particle of the crystals of the 5/6 normal salt, a hot solution of this 
6/6 normal salt in 60 or even 40 per cent, nitrite be poured in, a rela- 
tively large quantity of the fluffy matter is obtained, and not the hard 
prisms of the 6/6 normal salt. Under the microscope, the fluffy 
matter proves to be crystalline, and when drained on a tile it has a 
silvery lustre ; on analysis, it is found to be the nitrito-2/3 normal 
hydroximidosulphate, only slightly impure from the presence of a little 


6/6 normal hydroximidosulphate and nitrite. Thus, in place of 
potesdum 33*10, and sulphur 18*06, per cent., we found in it 33*79 
J 18;^ respectively, together with an alkalinity equal to 109 per 
; . If dissolved in hot 12 per cent, nitrite solution, it 

■ ;■ pure double salt. It is thus apparent that in a 

; solution of nitrite containing the 6/6 normal salt 
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dis^lved in it, there is unstable equilibrium bet\reen the tendency 
to yield H0!N'(S03K)2,K0N{S03K)g,fi[20 again, and that to form 
M0N{80^K)^,K0m, 

Sodium nitrite forms a compound with sodium 2/3 normal hydr- 
oximidosulphate, which has not been further examined, principally be- 
cause of its great solubility in sodium nitrite solution. 

PotasBium Witrite and Nwrml Hydroxhnidomlphate, 
K:N02,2K0H(S03K)2,4H20. 

— ^This compound salt is only obtainable from a strongly alkaline solu- 
tion, for when the normal hydroximidosulphate is dissolved in a hot 
concentrated solution of the nitrite, only the 6/6 normal hydroximido- 
sulphate crystallises out on cooling, Just as it would do in the absence 
of nitrite. In order to crystallise out either the normal hydroximido- 
sulphate (Trans., he. cit.) or its combination with nitrite, free alkali 
must be present in some quantity. When, however, too much alkali 
is present, a little of it deposits with the normal salt or mtb the 
nitrito-normal salt (in place apparently of water of crystallisation, 
Trans,, loo. eit), and then lessens, the capacity of the normal salt to 
combine with nitrite. The double salt is readily obtained by dis^ 
solving normal hydroximidosulphate nearly to saturation in a hot 
(70°) solution consisting of 33— 66 parts nitrite and 3 — 6 parts 
hydroxide to 100 parts water, and cooling. Usually, it forms 
lustrous, silky fibres, like those of the 2/3 normal double salt, but 
radiating from points to form voluminous, soft, spherical masses. 
When the solution is more strongly, alkaline, the double salt sepa-f 
rates as nearly opaque, spherical granules, sometimes with long 
fibres growing out from them. Under the microscope, these granules 
are seen to have also a radiating fibrous structure, and to represent the 
soft, voluminous spheres highly condensed y probably the latter always 
begin their growth from a minute granular nucleus. The double salt 
can only be purified for analysis by pressing it on the porous tile, 
when the soft spheres become a felted, lustrous cake, and the hard, 
white granules crumble down like masses of wax. 


Pot^ium. Sulphur. Aik. potassium. 

Silky, found 35*21 16*23 9*92 per cent. 

^7^384013,4*^20 36*14 16*43 10-04 

Granular, found 33*99 16*90 9*20 „ 

......... 33*89 15*85 9^68 


The varying amount of water is only the recurrence of what we have 
recorded in the case of normal potassium hydroximidosulphate. The 
double 'salt is exceedingly alkaline; its alkalinity we estimated by 
means of decinormal acid and litmus. 

tike the previously described dQ^W© salt^ it is but little soluble iu 
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concentrated nitrite solution, althougli freely soluble in water, wbich 
decomposes it into its constituent salts, and also decomposes one of 
these, the normal hydroximidosulphate, into alkali and crystals of the 
5/6 normal salt. When heated, it decomposes suddenly, but gently, 
without fusing or scattering, and evolves slight red fumes but 
no white ones. By this behaviour, it was easily distinguishable 
from the 2/3 normal double salt, and also from any other hydroximido- 
sulphate which, simple or combined with nitrite, contained less than 
its to S4. By dissolving the nitnto-2 /S normal hydroximidosulphate 
in a hot concentrated solution of nitrite containing sufficient alkali, 
the nitrito-normal hydroximidosulphate can be readily obtained on 
cooling the solution. 

Fotassium Nitrite and 5/6 Normcd Hydroidmidosul^ate. — We have 
obtained three compounds of the 5/6 normal salt with nitrite, one being 
7K'N'02,2E;5H(NS20^)2,3H20. By using an almost saturated solution 
of potassium nitrite containing a little potassium hydroxide, and dis- 
solving in it, by heat, the 5/6 normal hydroximidosulphate, a compound 
is obtained in minute, fibrous crystals, very lustrous when dry } this is 
decomposed by water, but may be recrystallised from a saturated nitrite 
solution. The same salt can be obtained also by dissolving the nitrito- 
normal hydroximidosulphate in a hot, almost saturated solution of 
nitrite, ’ 

When heatedj it is feebly explosive Its composition approaches that 
indicated by the formula given above. For analysis, it was only air- 
dried on a tile j in the deaocator, it would probably have lost its 3 
per cent, of water ( approached in composition 

■ Pptafifflum. Sulphur. Aik. potassium. 

^ Original salt, f^^ 36*81 14’35 4-80 per cent. 

V Becaiystaliised 14*47 4*51 „ 

1^*20 4*34 „ 

' A s^nd double salt, 3ELN02,K5H(NS207)2,H20, was prepared by 
dissolving I mol. of 5/6 normal salt and 1*4 mols. of potassium hydr- 
oxide in a hot 65 per cent, nitrite solution, and cooling. In appearance, 
it resembled the other compound salt. 

Potassium. Sulphur. Aik. potassium. 

Found.., 36*17 15*07 4*51 percent, 

Cklculate^ ..36*81 15*06 4*60 „ 

; A teird double salt, anhydrous, 7KN02,3K5H(NS20^)2, was not pre- 
^ sp^heti^ but was obtained by treating an almost saturated 

the nitrite with alkali and sulphur dioxide, and adding alk^tli 
imitating‘ap:rocessof Fremy’s. On ^filter- 
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sulphate mixed with a little of its combination with nitrite, and allow- 
ing the mother liquor to cool, it became almost filled with tiny prisms 
of a compound answering to the above formula : 

Potassium. Sulphur. Alb. potassium. 


Found 36*94 16*37 4*96 per cent. 

Calculated 36*99 16*61 6*06 „ 


This salt was quickly resolved by water into nitrite and crystals of 
the very spanngly soluble 6/6 normal hydroximidosulphate. 

The varying proportions in which potassium nitrite and the 6/6 
normal hydroximidosulphate unite would possess but little interest, 
were it not for the fact that they have evidently been severally met 
with and taken to be salts of specific constitution by Fremy and by 
Baschig* 

Fremy believed in the existence of less sulphonated derivatives of 
potassium nitrite than his sulpTui^U (see next paper), itself less 
sulphonated than his sidphazotatea (hydroximidosulphates), and attri- 
buted his failure to find them to the fact of their excessive solubility. 
Claus held much the same views, and believed that by adding to an 
aqueous solution of potassium nitrite an alcoholic solution of sulphur 
dioxide in not too large a quantity, he had obtained an impure crystal^ 
lisation of a salt, ON'SOgK {Ber.^ 1870, 4, 608). He did not prove 
this to be the case, but what he did publish about his product is suffi- 
cient to show that it was the compound of potassium nitrite with 2/3 
normal hydroximidosulphate we have described in this paper, A. 
repetition of his experiment gave us this double salt, together with much 
ethyl nitrite. Baschig regarded Clauses preparation as essentially the 
same as one of his own salts, to which he gave the constitution of 
basic dihydroxylaminesulphonate derivatives with the following 
formulss : 

These he prepared by partial sulphonation of the nitrite in known 
ways. They both yielded crystals of a hydroximidosulphate when dis- 
solved in a little water j and differed in no essential particular from 
nitrito-hydroximidosulphates. We found that hot solutions of nitrite 
and a hydroximidosulphate, on cooling, deposited an apparently homo- 
geneous crop of crystals of almost the same composition and properties 
as one or other of Baschig's salts. Baschig gave two ways for pre- 
paring the salt having the second of the formulae Just given, and in these 
• ways we have obtained the nitritO’2/3 normal hydroximidosulphate 
already described in this paper, but mixed with a little potassium 
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sulphite. This impurity accounts for the alkaline reaction of Raschig’s 
preparation and the presence in it of a little more than Kg to Sg. 

He obtained the other salt (Kg to S) only once, and in the form of white 
crusts, when working unsuccessfully for hydroximidosulphate in Claus's 
way, the other main product being imidosulphate, that is, hydrolysed 
nitrilosulphate, as he himself pointed out. Following Fremy^s method, 
we have obtained — also by sulphonating nitrite — product qualitatively 
like Rasehig’s salt, although differing a little from it quantitatively, 
and, at the same time, like the second salt compounded of nitrite and 
S/6 normal hydroximidosulphate described by us on page 436. 
The percentages found by Easchig were potassium, 36 '84, and sulphur 
15'5a 

When Easchig^s salt was dissolved in water and acidified, it gave 
nitrous oxide as the only gaseous product, whilst ours gave also some 
nitric oxide. This fact might have served to render incorrect the 
application of our formula to his salt, but for the evidence there is 
that it was mixed with a little sulphite, which would have reduced 
any nitric oxide. Its mother liquor, on further evaporation, gave, we 
are told, so much sulphite along with the next crop of the salt itself, 
as to cause its rejection. The presence of sulphite in less quantity in 
the first crop of crystals will have been masked by the oxidising 
action of the nitric oxide in becoming nitrous oxide. That sulphite 
was present in Rasehig^s preparation well accords also with the fact 
that potassium hydroxide added in excess precipitated potassium 
sulphite, for, although hydroximidosulphate is itself decomposed by 
the most concentrated . solutions of potassium hydroxide into sulphite 
and nitrite, this decomposition is slow, and the sulphite is deposited 
only after some time. Raschig's preparation, when dried on a tile, 
was only a powder— that is, presumably, was not obviously crystai- 
Ene-H*^ point which also indicates an impure salt. Since the potassium 
and sulphur are in the same ratio in the two salts, quantitative 
analysis would hardly have made its presence known.* Inspection of 
Raschig’s formulae is of itself sufficient to prevent their being accepted 
as in accordance with the facts ; for, from these formulae, both salts 
should be strongly alkaline, whilst, in reality, one is neutral. Above 
all, it is hardly credible that dissolution in cold water should suffice 
to cause monosulphonated nitrogen to become disulphonated. 

Rasohig held his two salts to be identical with Fremy’s patassivm 
and e^dphazaie respectively ; but the nature of Fremy's salts 

of our formula, only 1 mol. can give nitric oxide and that only 
of two-thirds of its nitrogen, the other third becoming nitric acid. 

the presence of only 3/4 mol. active nitrite. The 
required to be present ifi therefore only 5*2 per cent, 
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will be found, we believe, more precisely given in the paper following 
this. The point we would here insist on is that Baschig's preparations, 
judged by their chemical behaviour, have no claim to be considered 
as dihydroxylamine derivatives, being in every way indistinguishable 
from synthetically prepared compounds of nitrite and hydroximido- 
sulphates. Dihydroxylamine salts have as yefe only a hypothetical 
existence, and are likely to remain so, for the double linking of the 
oxygen atom with the tervalent or quinquevalent nitrogen atom 
seems always experimentally to make or break itself in a single act, 
notwithstanding its bipartite character. 

Easchig, in his researches on Fremy's sulphazotised salts, obtained, 
besides those we have Just discussed, two other salts of undetermined 
constitution, both of which were most probably also nitrito-hydroximido- 
sulphates. They may therefore be noticed here, although Easchig 
did not represent them to be dihydroxylamine derivatives. Yet 
they evidently closely resembled the other two in properties. One 
was isomeric with potassium hyponitrososulphate (Pelouze^s salt), and 
^so with his (Kg to S) dihydroxylamine salt, allowing for difference 
in hydration, and the other was isomeric with potassium 6/6 normal 
hydroximidosulphate. Each could be obtained but once, and they 
only call for any detailed notice because of the theoretical importance 
given to them as isomerides of other salts. The first referred to above 
was mistaken by Easchig for Pelouze's salt (hyponitrososulphate), but 
that salt it certainly was not (Trans., 1896, 67, 453). It was prepared by 
dissolving nitric oxide in solution of potassium sulphite and hydroxide, 
and evaporating to a small volume until crusts formed. If we assume 
that air or nitric peroxide was not excluded, the conditions were 
present for getting a nitrito-hydroximidosulphate, for, as we hope to 
show in a paper which will shortly follow this, nitrous fumes passed 
into potassium sulphite solution generate hydroximidosulphate freely, 
together with nitrite. 

The other salt, isomeric with 6/6 normal hydro2;imidosulphate, was 
obtained in Easchig's attempt to form the 2/3 normal salt by passing 
sulphim dioxide into a solution of potassium nitrite and hydroxide 
and leaving tfie mixture for a day. These, too, are conditions for 
the formation of nitrito-hydroximidosulphate. KTow both products 
were decomposed/ by water in such a way as to yield hydroximido- 
sulphate, whilst in other ways they behaved as compounds of nitrite 
with one of these salts. The behaviour of the product isomeric 
with hyponitrososulphate was indeed exceptional, in that, when dis- 
solved in water containing a little alkali, it gave the 2/3 normal 
hydroximidosulphate, although, according to our calculation, it should 
have given the 6/6 normal salt ; moreover, it also gave, in hot alkaline 
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solution, a little nitrous oxide, which only hydroxyamidosulphate is 
known to give. These peculiarities we may attribute to partial 
hydrolysis having occurred in the very unstable salt before these 
experiments were made. 

The calculated formula for the isomeride of hyponitrososulphate as 
a nitrite compound is 3KN02,K5H(NS20y)2,2H20, and such a com- 
pound we have described on page 436 ; that for the isomeride 
of the 5/6 normal hydroximidosulphate treated as being a nitrite 
compound is SKN02,6K2BIN’S20y,5K5H{NS20y)2, which in water 
should give crystals of E2H]NS20y,2H20. This compound salt wo 
have failed to obtain, but its occurrence can be readily accepted as 
possible. Its assumed existence affords a much more satisfactory 
explanation of the nature of this salt of itaschig^s than that we were 
able to offer in our paper on hydroximidosulphatesalreadyreferred to. 


Nitroso-isomeride, found . . . 

Potassirun. 

... 35-72 

Sulphur. 

14-40 per cent. 

Calculated 

... 36D5 

14-75 


D. and H.'s salt, found .... 

.. 36*17 

15*05 


Oximido-isomeride 

.. 33*04 

21*23 

if 

Calculated 

... 32*91 

21*54 



~TiMrtSe”^esi^t, the existence of isomerides of Pelouze’s salt and 
Premy’s basic mlphazotate must be regarded as no longer even 
probable. 


X L IY . — Identijieation and Constitution of Fremfs Sul- 
phazoUsed Salts of Potassium. 

By Ebwaed Divees and Tasiemasa Haga.' 


Fbemy found that a sufficiently concentrated solution of potassium 
nitrite and hydroxide, when treated with sulphur dioxide, gave minute, 
silky needles of a salt which he provisionsblly named potmdimsiUpkazate. 
' With a slightly diminished concentration of the solution, he generally 
obtained, instead of this, the brilliant, often hard, rhombic prisms of 
p&ktssium basic mlpkazoiaU (5/6 normal hydroximidosulphate, Trans., 
; ,1834, 65, 523). Sometimes, however, neither of these salts was obtainsKi 
solution became transformed into a starch-like jeUy through 
el asjdt which he named potassium metasulphazdie^ or else 
of yet another salt called by him potassium 
solution a Tittle too dilute to give any 
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of these, and if too much alkali had not been added, peculiarly pointed 
crystals usually appeared consisting of the salt he named potassium 
neutral sulphazotate (2/3 normal hydroximidosulphate^ Easchig), and 
lastly, with still greater dilution, the minute, brilliant needles of the 
potas^um svlpkammmate (nitrilosulphate, Berglund). He believed 
also that other salts were produced in the first stages of the reaction, 
one of which he named potassium sulphazitSy but this he did not 
succeed in isolating, assigning as a reason the excessive solubility of 
the salt. He prepared it — ^but only* in very small quantity and 
as crystalline, warty granules — ^by the action of water on the ' sulph- 
azate,' whereby this was converted into * basic sulphazotate ^ which 
was deposited, and a solution that on evaporation yielded the ‘ sulph* 
azite.' These two salts, if dissolved together, were changed back 
again in^ the ‘ metasulphazotate,* whilst the * sulphazite ^ and the 
*sulphazate’ could similarly often be changed into the ‘metasulph- 
azate * again. These two meta-salts he regarded, therefore, as 
perhaps merely double salts of the others. The ‘ sulphazite,* the 
‘ sulphazate,' and the * sulphazotates * he treated as being members 
of a series of salts in which there were two atoms of nitrogen, and 
from one up to eight atoms of sulphur,: — ^three in the * sulphazite,' 
four in the ^ sulphazate,' and five in the * sulphazotates.* With 
this conception of the nature of these salts, based on his analyses, 
it was easy to understand the decomposition of the ' sulphazate * into 
the ‘sulphazite’ and the ‘sulphazotate.* But this and other of 
Fremy*s interpretations of the facts observed by him have lost all 
importance and particular interest through the progress of chemistry 
since his memoir was published. 

Subsequent work by others and by us in the same field has shown 
that Frem^, in the acount he gave of the preparation of his many salts, 
went too little into details as to the conditions under which they 
were obtained— apparently because he was not able to be more precise. 
When Claus attempted to prepare Fremy*s salts, he obtained only 
masses of minute crystals of salts, of whose individuality and nature 
he could make out but little because of the impossibility of dissolving 
them entirely without decomposition. In his experiment, the * sulph^ 
ammonate * (nitrilosulphate) was always formed in considerable 
quantity, either as a first or secondary product, and by its presence 
prevented any satisfactoiy investigation of the other salts* In 
Fremy*s working, this most easily formed salt came only as the final 
product of the sulphonation and therefore gave him no trouble. 
Claus emphatically displayed his scepticism as to Fremy*s results 5 
j^t in nearly every point in which he differed from Fremy as to the 
facts, we find Fremy to have been right* When Easchig repeated 
Fremy*s work — hut tJsUh the modijieations in procsdure introduced hp 
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Claus — ^he obtained results similar to, although less unsatisfactory 
than, those recorded by Glaus, and he made an approach to iFremy's 
work in so far as that he often got very little nitrilpsulphate ; 
nevertheless, he too failed in his attempts to prepare the * sulphazate ’ 
in Fremy*s way. 

In perhaps all essential points we can lay down the method to 
rep^t Fremy's experimental work successfully. In some cases, how- 
ever, a little uncertainty obtains owing to the fact that the very 
concentrated and complex solutions which yield Fremy's salts are apt 
to deposit what is virtually the same salt in different forms and also, 
at times, salts quite distinct from each other ; there being only slight 
and obscure variations in the circumstances attending their formation. 

Sidphazafe. — ^This is Fremy’s first salt directly obtained in his 
sulphonation of the nitrite. In getting it, he took approximately 
5 mols. of potassium nitrite to 2 mols, of potassium hydroxide and a 
little water, and into the solution passed sulphur dioxide until it 
became almost filled with silky needles very soluble in water. So 
far, it is easy to follow Fremy with a full measure of success, if only 
the water used is limited to perhaps twice the weight of the nitrite, 
and that the heating produced by the action is counteracted by cooling. 
Claus, and after him Raschig, failed, but then inexplicably to us they 
d :d Ti ftt wH.h Wr Am y^g pmpAytfnTiy nf ■ni tri tfl tO hydroxide, although 

even with the proportions they took, success is possible if care be 
taken. The salt thus formed by Fremy was not tested and analysed 
by Mm until after it had been, changed (but without Ms having 
recognised the fact) by the further treatment to which he submitted it. 
Before change, it is the potassium nitrito-2/3 normal hydroximidosul- 
phate described in the preceding paper, a neutral salt which is decom- 
posed its constituent salts by w^ater. Fremy^s finished * sUlplmzate ’ 

, was strongly alkaline and very caustic, and when decomposed by water 
gave nitrite and the 5/6 normal hydroximidosulphate — not the 2/3 nor- 
mal salt. Also the analysis he gave of it furnished numbers such as the 
original product could not have given. Instead of potassium, 33 TO, 
sulphur, 18*06, and nitrogen, 7*9 per cent., he obtained potassium, Si'OO, 
sulphur, 19‘55, and nitrogen, 4*9 per cent. We can learn what his 
after-treatment was by reference to other parts of his paper where he 
speaks of the care necessary (when sulphonating the nitrite) to main- 
tain the alkalinity of the solution by adding potassium hydroxide 
frem time to time, and of dissolving sulphazotised salts, for examina- 
in water containing this alkali. It seems certain that he must 
potassium hydroxide to the solution after getting it 
^j^Ail^ecaution to preserve the salt] now the effect of 
the composition of the product without 
asbestOB-pke appearance* The change it 
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thus undergoes deprives it o£ much of its nitrite and converts the 
S/3 normal into more nearly normal hydroximidosulphate — replacing^ 
therefore, potassium nitrite by potassium hydroxide* Accepting 
IVemy's mean numbers as accurate, what he analysed had the com- 
position 

Potassium. Sulphur. ‘Nitrogen. Aik. potassium. 

Found 34*9 19*55 4*9 — percent. 

Calculated.*. 34*9 19*51 4*9 9*36 „ 

His analyses, however^ have no claim to receive such close treatment, 
his nitrogen seemingly being always much too low ; and it is sufdcient 
to say of his ‘sulphazate’ that it was the silky, asbestos-like, nitrito-2/3 ' 
normal hydroximidosulphate more or less converted into the also 
silky, asbestos-like normal hydroximidosulphate, and with this Fremy's 
description of its other properties entirely agrees. With dilute acids, 
it slowly evolves nitrous oxide unmixed with nitric oxide* Fremy 
specially points out that no mlpkazic acid or any other sidphazates 
could be obtained from the potassium salt. There is, therefore, 
nothing to justify belief in this compound being the salt of a 
particular single acid, the mlphazic, 

Sulpkazite. — ^What Fremy n^med potassium sulplmzite^ he only 
once obtained (and then not by direct sulphonation of the nitrite) 
in mammillated, white, crystalline crusts from a solution thickened by 
the other salts contained in it. That is to say, his sulphazate when dis- 
solved in a little water containing some potassium hydroxide, deposited 
crystals of basic sulphazotate (5/6 normal hydroximidosulphate) and left 
a mother liquor which on evaporation in the cold until it became syrupy 
yielded the sdphazite. It showed great analogy with his aulphazate^ 
but was distinguished from it by having little tendency to hydrolyse, 
and by at once evolving some nitric oxide when its solution was mixed 
with a dilute^acid. Water decomposed the mlpliazHts^ but into what 
l^pducts was not ascertained. 

We have sufficiently realised Fremy's expectations that his sulph-* 
azite might directly result from sulphpnating the nitrite with sub- 
sequent addition of alkali. The substance obtained in this wAy did 
not differ greatly in composition from his: 

Potassium. Sulphur. 

Fremy's salt.*.. 38*16 16*27 per cent. 

D* and H.'s salt ... 36*94 16*37 „ 

and agreed with it in chemical properties, so far as is known. At 
the same time, it was indistinguishable from a compound of nitrite 
with 5/6 normal bydroximidosuiphate, tbe third one described by us as 
such in the preceding paper (p. 436). Other experiments of various 
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kinds have yielded ns such ^ mammillated crusts * as Fremy obtained 
which, although only in rough agreement in percentage composition with 
his sulphazite, behaved like it, and proved to be impure double salts 
of nitrite with 5/6 normal or more nearly normal hydroximidosulphate. 
We are therefore convinced that his sulphazite was merely such a double 
salt. 


— ^In Fremy’s experience, when passing sulphur 
dioxide into the solution of nitrite and alkali of a concentration inter- 
mediatebetween that giving and that giving basic svIphafsotcMe^ 

it sometimes happened that the solution set to a starch-like jelly instead 
of crystallising. He obtained a similar jelly by cooling a hot concen- 
trated solution of sulphazaie and svZjphazitc \ also by boiling a solution 
of sndjfiMzaU and then cooling it. When strongly compressed, the 
jelly became a transparent, wax-like mass. Heated to 50 — 60° in this 
waxy state, it suddenly changed into a solution of sidpkazitc and 
minute crystals of basic svlphazotaie. In all other respects, it proved 
to be intermediate in properties between sulpkazate and sulphazite. 
Ho o^cxTinAta^phazatcs could be prepared from it, so that Fremy was 
disposed to regard it as being a double salt of suLphazate and sulphazite. 
Its constitution must therefore have been that of nitrite combined 
with normal, or 5/6 normal hydroximidosulphate in such proportions 
..an<L with su c h a d di tions, perh aps j-of -alkali as prevented crystallisation. 

We have not had Fremy's success in getting this salt in the jelly 
and wax-like forms, but have met with just such phenomena when 
forming barium sodium hydroximidosulphate, BaHaHSgO^jH^O, as 
win be found described in our paper already f Fluently referred to. 
We have, however, obtained a salt, Or homti^eneous mixture* of salts, 
of the same composition as the but with the form of " 

the silky, radiating, fibrous crystals of the nitrito-normal hydroximido^ 
sulphate, from which it differed only in showing deficiency of nitrite, 
that is, it was equivalent in composition to a mixture of the normal 
salt and its nitrite compound, both of which crystallise in the same 
habit. We give below Fremy’s numbers, our own, and those calculated 
for the expression, 3(E:H02,2K8NS20y,4H20),K3HS207,3H20. 


Potassium. Sulphur. Nitrite. Aik. potassium. 

Found (Fremy) ... 35-10 16*74 4*81 — percent. 

(B. and H.) 35-10 16-68 — 10*47 „ 

Calculated ......... 35-06 16-74 5-23 10*23 „ 

. We pr^ared the salt by dissolving the hydroximidosulphate in hot con* 
solution containing alkali. To 100 e.c. of water, there 
^ gr^s of nitrite and If grams of potassium hydr- 

in the french original, but not in the (German 
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oxide ; for 66 mols. nitrite there were dissolved 10 mols. anhydrous 
normal hydroximidosulphate. Except for the salt being in beautiful, 
asbestos-like fibres, there was nothing to distinguish it from the jelly 
and the wax-like Tmtamlphamte, which therefore we do not hesitate to 
class as a nitrito-hydroximidosulphate. 

Basic svlphazotaUi which Fremy considers next, has been shown 
by us already (}oc, cit) to be the 5/6 normal hydroximidosulphate, and 
not the salt of a distinct acid, the sulpha^ioiio. It is liable to contain 
a small excess of potassium when crystallised from a strongly alkaline 
solution. A solution of the normal salt readily deposits it, as does 
also that of the nitrite compound of the normal salt. 

Neutral sulphazotate was shown by Easchig to be the 2/3 normal 
hydroximidosulphate. Fremy distinguished the potassium sulph- 
azotates from the salts previously described by him by their ability 
to form other sulphazoiates by double decomposition. Fremy 's 
analytical results in the case of the neutral sidphazotate are hopelessly 
out of accord with its constitution and properties, although those for 
the hasie sulphazotate are satisfactory enough. 

Sulphazidate, produced by the hydrolysis of the sulphazotate^ is 
hydroxyamidosulphate (Claus). Sulphazilate and vietasulphazilatef oxi- 
dation products of the are ON(SOgE )2 ^ 0 N(S 03 K)g, 

and have been studied by Claus, Easchig, and Hantzsch. 

if«to«i[jt?teo«««e.---Sometimes Fremy isolated a salt in the form of 
spangles {'paillettesy, in appearance like ’minute crystals of basic 
sulphazotate, but differing from them in not being hard. * This salt 
he named, therefore, meiobsulphazoiate. According to him, it can also 
be obtained by mixing (hot) solutions of the {basic) sulphazotate and 
sulphazite. It is very soluble in water, very alkaline, and unstable 
unless the water contains alkali. In pure water, it becomes hade 
sulphazotate and sulphazite again. It shows the greatest analogy to 
mAtasulphazateySXidi is distinguished from basic sulphazotate in the same 
way.. It may be a compound of basic sulphazotate and sulphazUe* So far 
ftemy. It will be evident that there is nothing in its history or 
properties to distinguish it, except its occurring in the form of spark- 
ling particles, and even that can be met Trith in the 
suddenly precipitated ; we have also obtained other of the sulphazotised 
salts in what may be called spangles, although not this particular 
salt. In the preceding paper (p. 434), we have d^bed an impure form 
of nitrito-2/3’ normal hydroximidosulphate, obtained by dissolving the 
5/6 normal salt in a hot concentrated solution of nitrite, but still not 
obneautra^ as to give the nitrito-5/6 normal double salt. This 
preparation is lustreless while in its mother liquor, but when dried on 
a tile has a fine silvery lustre, ihas> when dried in a desiccator, 
VOL. LXXVn. II 
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esactly tite composition of Fremy’s metasidphazotate, and is much less 
alkaline than the matm^dphazate. It may be formulated as 
KgNSoO^ + 9(KN02,K2HNS20y,l|H20). 

Potassium. Sulphur, Nitrite. Aik. potassium. 


Found (Fremy) 33*8 18*6 3*5 — per cent. 

„ (D, and H.)..... 33-79 18*35 — 1-09 „ 

Calculated..... .....33-68 18-37 7*63 1-12 „ 


SulpharnTThono^e and ^pJwbmidoM are respectively nitrilosulpliate 
and imidosulpliate (Berglund), 


XLV. — Camphonic, Homocamphoronic, and 
Camphononie Acids. 

By Akthub Lapwokth and Edgae M. Chapman, Salter’s Fellow in 
the Research Laboratory of the Pharmaceutical Society. 

In a recent paper by one of us (Lapworth, Trans., 1899, 75, 1134), it 
.was shown that when a-dibromocamphor is warmed with moist silver 
or mercurous salts, about 15 per cent, of the substance is converted 
into bromocamphorenic acid, an unsaturated closed-chain compound, 
first prepared by Forster (Trans., 1896, 69, 46), who obtained it from 
the same source, but by a less direct method. The observation that 
the acid could be obtained by the new process was thought to be of 
much value, as it was thus rendered certain that the relationship sub- 
sisting between the structure of the acid and that of the parent com- 
pound mx^ be of a comparatively simple character, and all ambiguity 
concerning the relative position of the bromine atoms in the two 
substances was renaoved : a point which had previously been involved 
in considerable doubt. 

The results obtain,ed during an investigation of homocamphoronic 
acid (Lapworth and Chapman, Trans., 1899, 75, 990), the oxidation 
product of bromocamphorenic acid, show conclusively that the latter 
substance contains the complex 

CMeg-G CMe^-CHg-C ' V ' 

(^Me-C or CMe*0 

CHj-OH^-O 6 h2-0 : 


Also ihat bfomooamphoFeiri® jteM 
grooE •QBF'GBE' as^pArt of 'thee closed cfaamj aai4 ^ 
npomtlus .point has already .been discussed' in -'ddfcjdl 
.^agthermore. the assumption was made that, of 
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the pair of- carbon atoms united hy the ethylene linking, the one to 
which the bromine is attached is the nearer to the carboxyl group, but 
as the reasons for this supposition were not explicitly stated, they may 
be briefly indicated before entering into the evidence we have subse- 
quently obtained. 

The constitution of the oxidation product of bromocamphorenic acid 
shows that the latter must be either a yS-, or a Sc-unsaturated acid. 
The formation of a lactone ring would occur most readily at the 
y-position in the former and at the S-position in the latter, that is to 
say, at the carbon atom which is nearest to the carboxyl group. 

The two possible modes of representing bromocamphorenic acid, 
with regard to the relative positions of the bromine atom and the 
carboxyl group, may be thus expressed : 

•OHIOBr and -CBrlOH OO^H, 

’ I- II- 

and the corresponding formulss for dibromocampholide, its bromination 
product, are therefore, 

•OHBr-^Br CO- (j), and 'CBr3*9H‘- 00 -(j). 

Homocamphorenic acid, however, can be converted into a lactone 
by treating it with sulphuric acid, when it undergoes the isomeric 
change characteristic of this type of acid, yielding a-monobromo- 
campholide, the constitution of which may also be written in two 
different ways, corresponding with the alternative formulas for bromo- 
camphorenic aJcid, thus : • 

-CHg-C 00-9, and •CHBr-9H--— 00-9. 

__ _ ^ _ 

The two lactones, dibromocampholide and a-monobromocamphOlide, 
however, exhibit certain noteworthy differences ,* thus the former is 
. reduc^ with the greatest ease to bromocamphorenic acid, whilst the 
latter, under far more energetic treatment, remains quite unchanged. 
The bromine atom of a-monobromocampholide thus has properties en- 
tirely different from those of one of the two atoms in dibromocampholide, 
and it is probably therefore in a different position ; since, however, 
its position is necessarily identical with that of the other bromine 
atom of the latter, it follows that the two bromine atoms in dibromo- 
campholide are probably attached to different carbon atoms, and the 
: formulse marked III and T are clearly in accordance with this con- 
clusion. 

Fuirther evidence in favour of formula I is afforded by the fact that 
when camphorenic acid itself is brominated it yields ^-monobromo- 

I I 2 ' 
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campbolide, a lactone isomeric with a-monobromocampholide. On 
fcbe basis of formnla I, the constitution of this substance may be 
represented as •CHBr’(pII whilst if formula II be 

employed, the formulae of the two lactones are identical, unless it be 
assumed that one is a y- and the other a 8-lactone, an assumption 
which it seems impossible to justify. 

The foregoing mode of reasoning, however, did not appear to be 
altogether unassailable, and in order to obtain unequivocal evidence 
on this point, we have studied the behaviour of a-monobrqmocampho- 
lide towards hydrolytic agents, and w:e have again to express our 
thanks to Br. Forster who kindly consented to our carrying on 
investigations in this direction. The point appeared particularly 
interesting, as the above conclusions lead to the inference that the 
formation of dibromoeampholide by the action of fuming nitric acid 
on a-dibromocamphor is not merely one of oxidation, but is due to 
initial hydrolysis with formation of bromocamphorenic acid, which 
is then attacked by the bromine liberated during the reaction. 

In a substance having the structure Y above given for a-mono- 
bromocampholide, hydrolysis of the lactone ring would be expected 
to result in the immediate formation of a ketonic acid in accordance 
with the change thus expressed : 

00-(j) 2KOH« *6H2-gBr CO^K-i-KBr + KOH* 

•OHg- CO— COgK 4- ZBr, 


whilst if foimula TI were the true one, a dihydroxy’^jompound would 
be the final product, or possibly an acid having a ring of the oxide 
type : 

/ •CH{OH)*CH(OH)— COgK+KBr 

'0HBr^CH--00*0 <( /0\ 

• - -CH— OH OOgK + KBr 


Forster boiled a-mpnobromocampholide with baryta water and 
obtained a barium salt of the formula (OioHj503)2Ba ; he describes 
the appearance, solubility, and melting point of the acid he obtained 
from it, but does not state that the acid was analysed or closely 
investigated {loc. cit,). We have carried out the hydrolysis with 


potash and find that the acid has the formula CioH;^303, as he sup- 
posed, and exhibits all the properties of a y- or 8-ketonic acid. Thus 


it gives s crystalline oxime and semicarbazone, and unites with 
; hydrogen cyanide 5 it also gives a phenylhydrazone and jiT-bromo^ 
but these two derivatives, curiously enough^ show 
assume a crystalline form, even when pre^ 
with extreme care; j they give, 
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however, crystalline sodium salts, analyses of which indicate that 
they are derived from the respective hydrazones. 

We think it advisable to distinguish this acid by a definite name, 
and propose to use the term camfhomG acid, as the substance is 
isomeric with pinonic acid. Its constitution is doubtless very similar 
to that of camphononic acid, and, in accordance with the views 
already expressed by one of us (Lapworth, loo, cit), will probably be 
represented by the formula ; 

CO--CMe2 OH2*CMe2 

CHg CMe-COgH or CHg CMe-COgH, 

CHa-CHg CO-OHj 

according as camphononic acid proves to have the structure, 

CO-9Me2 CHg^cpMe^ 

I OMe-COjH or I CMe-COaH. 

0H2*CH2 00— CFj 


In view of the close resemblance between the probable formulae of 
these two acids, we have carried the study of camphonie acid into con- 
siderable detail, as we expected that the experience thereby gained 
would be of great service in the further study of camphononic acid, 
for the former is not difficult to prepare in quantities of 40 — 50 gr&ma, 
whilst the latter can be obtained only in very small amount. 

The point which from the first we regarded as worthy of the closest 
attention, was the behaviour of the ketonic acids towards hydrogen 
cyanide. In the case of camphononic acid, which, as we have shown, 
probably differs from camphoric acid only by the presence of the group 
100 in place of IGH* COgH, we hoped that it would be possible to 
effect a partial synthesis of camphoric acid in a very simple manner . 
It was to be expected that camphononic acid would combine with 
hydrogen cyanide, and that the hydroxynitrile thus formed would 
afford camphanic acid in accordance with the following scheme, using 
Perkin's formula for camphoric acid. 


CMeg-^Me-COjjH 0Me2*9Me-C02H 

f ' Anr i At-rr 


1 


CH, 
!fl,-C0 


I 9®-* 

OH2-C(OH)-01T . 


9^2 


T 


OHo-O- 




Our preliminary experiments on the subject showed that campho- 
nonie acid, if it united with hydrogen cyanide at all, would do so only 
under exceptional conditions, and we therefore turned our attention 
to its homologue, in order to ascertain what would probably be the 
most suitable mode of procedure. It was soon found that camphonie 
acid, unlike its homologue, combined readily with hydrogen cyanide, 
the most suitable conditions ]^being those recommended by Haller and 
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Held 1831 ^ j-^ij 23, 145), in which a temperature 

^abont -10 is maintained during the whole of the preliminary 


product obtained by this means from camphonie 
Mid with hydrochloric acid, a mixture of unaltered camphonio acid 
o K=*. substances was obtained; the separation of the three 

substoces was easily effected, however, and of the new compounds 

present only in small quantity 
was a dibasic acid of the formula OuHjgOj. ^ ’ 

duftot^rT substances is almost certainly 

of a LIT, T""'’ the lactone 

of a.hydroxy^«m^.dicarboxylic acid, and the other a hydroxy-m- 

arfSoIs T' for the two acids may be represeLd 


CMej-OMe— CO 



and 


CMej-OMe-OOjH 
9H, CH, 

CHg— C(OH)' 


‘CO„H 


<ilie choice of a formula for camphonie 
bTnlS ^ circumstances to which aUusion wUl shortly 

_ Eetu^g to camphpnonio acid, we found that, even under condi- 
eldLTrf aT very favoi^ble in tl^e case of its homologue, no 

obSS TdVTT "" hydrogen cyanide could be 

9bta^ and in almost every ease we have been able to recover 
p^caUy the whole of the camphonpnic acid even alh^u 
^caeidi^oduced no effect after several months contact wSvth! ' 

wm fiepmm in beautiful, transparent crystals 
_ The action of bromine upon the two ketonic acids was next studied 

toafiord a dxbromo^id, and, in the latter, a tetrabromo^cidr ^ 

-T?® homocamphoronic acid, bearing 

^ mmd the, ^nsideratioas already alludes! to,, only six formulse for 
^fflBfe*Plcaci(i ere pos8ible> namely,: ‘ 





!Me: 


^Mej-OOjH ‘ 
CMe-OO^CTI^ 
CHa— -Offg 
(3) 
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- OHj-CMe, CMea-OHjCOsH CMe,*OH,-CH„ 

OHj, OMe-COjH CMej-CO CMe 6o 

CO— OHj CHj-CHj CHg-OOjH 

(4) (5) (6) 

of which (1) and (4) a, re preferable, for the reasons mentioned in the 
case of bromocamphorenic acid (Trans., 1899, 75, 1139), namely, that 
these are the only two expressions which appear to be related in any 
simple manner to possible formulae for a-dibromocamphor ; apart from 
this fact, however, no evidence against the others was adduced. 

In these formulae, it will be noticed that in one only, namely, (4), 
is there a •OHg'CO'OJE^g* group, hence, if a tetrabromo-derivative of 
camphonic acid is readily obtainable, it would seem to follow that 
this one is the most probable of all, as the others are capable of 
affording dibromo-d^rivatives only. 

It was found that by treating a solution of camphonic acid in 
chloroform with bromine, a dibromo-eompound was readily obtained. 
This behaved in a somewhat curious manner, as it was not soluble in 
aqueous sodium carbonate, even on warming, but dissolved readily in 
dilute sodium hydroxide ; the solution in the latter, when warmed, at 
once deposited a neutral compound, identical with the residue obtained 
when attempts were made to dissolve the dibromo-compound in hot 
sodium carbonate solution. The neutral substance was a lactone, and 
had the formula C^^HigOgBr, so that the original dibromo-eompound 
was evidently a dibromo-acid, the sodium salt of which readily lost 
sodium bromide. This observation shows conclusively that the bromine 
atom is in the y- or 3-position, or, in other words, that the CHg group 
in the ‘OO'Oilj* complex of camphonic acid must be in the y- or 
3-position, a fact which completely excludes the formulae numbered (2) 
and (5) in the above list. 

. When camphonic acid in the dry state is gently warmed with 
exc^ of bromine, a substance having the formula CjoHjjOgBrg is 
pbta|ned, which is neutral, hut dissolves in hot aqueous caustic potash 
withi production of a salt j it is therefore a lactone, and must be derived 
froni a tetrabromo-acid, O^gHjgOgBr^. 

ITnless, therefore, it can be esfcabiislxed that some curious alteration 
in structure has occurred during the bromination, a very remote possi- 
biiity, we no longer feel justified in maintaining that the choice of. a 
formula made by one of us for bromocamphorenic acid (Trans., 1899, 
76, 11^9) is in complete accordance with the facts, and are compelled 
to regard the second formula given in the same paper, namely, 

* 9H2-CM:e2 

p^R CMe-OO^H, 

CBr-CHg 
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as the correct one ; this is the only expression capable of explaining 
the behaviour of camphonic acid on broraination, and reference to 
the original paper will show that no positive evidence against it was 
adduced. Much careful work, however, will be required before it can 
be established with absolute certainty, and as we desire to reserve 
the further investigation of this interesting bromolactone, we think 
it advisable to make a statement of the results already obtained. 

In the case of camphononic acid, the only product which could be 
isolated after treatment with bromine was a well characterised neutral 
substance which did not dissolve in the strongest alkalis, even after 
prolonged heating, and on analysis gave numbers which agreed most 
closely with the formula GgHQBr4. This substance probably belongs to 
the aromatic series, and it appears not unlikely that it is a tetrabromo- 
xylene, since the closely related camphoric acid is known to afford 
derivatives of metazylene by the action of iodine, that is to say, 
under conditions not widely different from those employed in the 
present instance. As a knowledge of the exact structure of this sub- 
stance could not be expected to throw any light upon the constitution 
of camphoronic acid, its investigation was not continued. 

In connection with the structure of the substances under investiga- 
tion, the behaviour of homocamphor onic acid towards bromine was 
investigated. If the two possible formulae for this substance are ex- 
amined, it will be seen that, in accordance with Volhard’s rule, a 
monobromo- or a dibromo-compound derivative respectively should be 
produced, Moreover, in the resulting, bromo-compounds, 

(^Me^^GOs'E CMeg-CHBr-GOgH 

CMe-COjH and CMe-QOgH 

CHa'OHBr-OOaH 6 HBr*C 05 H ■ 

the former or its ethyl ester would probably lose hydrogen bromide under 
suitable oonditions, yielding an unsaturated substance, whilst in the latter 
compound there is no hydrogen in the ^-position, and the formation of an 
unsaturated acid is impossible unless a further breaking down of the mole- 
culeoccurred. Unfortunately, homocamphoronic acid resembles camphor- 
onic acid in its behaviour towards bromine, and, although attacked by 
it at high temperatures, much charring occurs, and the product con- 
msts, for the most part, of unaltered acid mixed with readily soluble 
substances which do not contain bromine, and are probably hydrozy- 
adds^ or products of more profound alteration. Bredt succeeded in 
ubtdning a brominated camphoronic chloride by heating the anhydro- 
wi^ bromine at high temperatures, but in the case of homo- 
T ^e anhydro-chW cannot be obtained in a pure 

t when distilled, even in a vacuum, 

f uhs;ia.ble, ;■ v 



CAMPHORIC, HOMOCAMPHOHOlSflC, AKJ3 CAJtPHONOKiC ACIDS. 453 

Attempts were made to obtain an unsaturated acid by beating 
bromocampboronic chloride, or bromide with bromine, pouring tbe 
product into alcohol, and heating the bromo*ester thus formed with 
diethylaniline. The bromo-ester, however, charred when distilled in 
a vacuum, and nothing but a small quantity of triethyl homocamphor* 
onate could be isolated. The crude, undistilled ester certainly lost 
hydrogen bromide on treatment with diethylaniline, and the result- 
ing mixed acids decolorised permanganate, but as the substances 
themselves could not be isolated, no value can be attached to this 
observation. 

An interesting result was obtained on leaving the anhydro-chloride 
of homocamphbronic acid to absorb moisture, as the product thus 
obtained was isomeric with the anhydrohomocamphoronic acid already 
described by us, and melted at 128° instead of at 84° It is not easy 
to understand the true relationship of the two anhydro-acids, as the 
new substance gave a homocamphoronic acid identical in properties 
with that from which it had been obtained, and the anilic and para- 
tolilic acids derived from the • two anhydro-compounds were also 
identical j their relationship is probably the same as that subsisting 
between the two modifications of bromoanhydrocamphoronic acid. 

The problem of the constitution of the derivatives of camphorenic 
acid was attacked in yet another direction. The oxime of camphononic 
acid was treated with sulphuric acid in the hope that it might undergo 
isomeric change resulting in the scission of the ring at a position 
not identical -^th that at which it opens during the formation of 
camphoronic acid, as such an occurrence would probably throw much 
light on the constitution of camphononic acid and, indirectly, of 
homocamphoronic and bromocamphorenic acids, during the process, 

, the oxime was completely altered and a considerable quantity of 
an acidic substance containing nitrogen was isolated, but as this 
substance afforded a large quantity of camphoroific acid on oxidation, 
it v^as clear that the desired result had not been obtained, and the 
investigation of the substance was accordingly abandoned. 

As the study of homocamphoronic acid and camphononic acid does 
not seem likely to throw further light upon the question of their 
constitution, we have decided to publish the results obtained with 
them, and to confine our attention to camphonic acid, which is much 
more easily dealt with and already promises to do much towards 
clearing up the questions involved in this and in the previous papers 
on the subject. 
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Camphonic Acid. 


Fr&paraiion of Gcmiphonic Acid, OH2<C!Q^£^Qg^!!^0Me‘CO2H, 

a-Monobromocampbolide (10 grams), prepared by treating bromo* 
camphorenic acid with sulphuric acid, is placed in a flask and covered 
with a solution of potassium hydroxide (6*8 grams) in water (20 c.c.) ; 
the whole is heated nearly to boiling with constant shaking un|)il a 
clear liquid is obtained, which is cooled and filtered. Exce^ of 
hydroehlorie acid is then added, when camphonic acid separates^ a 
colourless oil, which on standing overnight solidifies ; the whole of 
the crystalline material is separated by filtration, washed with a 
little water, dried, and may be purified by crystallisation from a 
mixture of ethyl acetate and light petroleum. About 6 grams of acid 
are thus obtained, and a further quantity may be isolated from the 
mother liquors by extraction with ether. A specimen purified in this 
way was dried at 130° and analysed : 

0*2296 gave 0*5472 COg and 0*1769 0 « 65*0 ; H- 8*6. 

requires 0=65*2 ; per cent. 


Camphonic acid separates from a mixture of ethyl acetate and light 
petroleum in the form of fairly large, flattened prisms with very^ 
poorly developed faces ; it may also be obtained from water in fairly 
large crystals, and does not exhibit the tendency, shown by campho- 
nohic acid, to form fern-like aggregates under these conditions. The 
crystals axe doubly refracting, and show straight extinction, whilst 
crushed fragment^ e^mined in convergent polarised light, show, 
here and there, a biaxial interference figure of fairly wide togle ^nd 
negative double refraction ; the double refraction is strong and the 
dispersion weak. When melted beneath a cover-slip, it solidifi^es to a 
semitransparent mass, probably of a second modification which appears 
to be isotropic, or very weakly doubly refracting, and no very definite 
mode of crystal growth can be distinguished. The sublimed acid 
solidifies in fern-like crystals, with rounded terminations, exactly 
resembling the forms obtained from camphononic acid in similar 
circumstances. 


The acid dissolves sparingly in cold, but fairly readily in hot water, 
i^^paxating from a saturated hot solution as an oil which slowly solidi* 
it Is reacfily soluble in methyl or ethyl alcohol, ethyl acetate, 


or benzene, but is nearly, or quite insoluble in 


4y, camphonic acid fuses at 194^, a slight amount 
ho^^reverv a crystal is heated in a capillary 
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tube, it is occasionally found tbat fusion does not occur at this point, 
but that the crystal settles down to an opaque, camphor-like mass, 
and afterwards melts at 198°. This phenomenon, which is not 
invariably to be observed, would appear to confirm the conclusion that 
the acid is dimorphous. 

Camphonic acid, dissolved in chloroform, does not instantaneously 
discharge the colour of a dilute solution of bromine in the same liquid, 
and the colour of a solution of potassium permanganate is not at once 
discharged by a cold solution of the sodium camphonate, although in 
both cases rapid decolorisation takes place on heating ; the acid is 
therefore a saturated compound. It is slowly oxidised by hot dilute 
nitric acid, doubtless with formation of homocamphoronic acid, and 
rapid oxidation occurs if the strong acid is employed. 

The oodme^ 002H‘CqHj5IN'*0H, was made by warming together 2 
grams of the acid with 1*2 grams of caustic soda and 0*9 gram of 
hydroxylamin^ hydrochloride for half an hour on the water-bath ; 
on neutralising with hydrochloric acid, a bulky, plastic mass 
separated, which was collected by means of a glass rod, and triturated 
with methyl alcohol, when it became pulverulent, and dried readily oh 
a porous tile. It was purified by crystallisation from dilute methyl 
alcohol, and, after drying at 100°, was analysed : 

0*1421 gave 0-3148 COg and 0*1129 H^O. O ==60* 3; 

requires 0 = 60*3 ; H = 8*6 per cent. 

It dissolves very readily in ethyl acetate, acetone, methyl or ethyl 
alcohol, hot benzene, or chloroform, but is insoluble in light petroleum ; 
it is nearly insoluble in water, but dissolves readily in dilute aqueous 
sodium carbonate or hydrochloric acid. It shows little tendency to 
separate in distinct crystals from any of these solvents, but crystallises 
from dilute methyl alcohol in very slender, short needles; large 
crystals, however, could not be obtained. It melts at 126 — 127°, 
and does not solidify oh cooling. 

When the oxime is covered with acetic anhydride containing a 
trace of sulphuric acid, the liquid becomes hot; but the product, 
as in every case where attempts were made to^ induce the occur- 
rence of the Beckmaim change, shoijred tendehcy whatever to 
crystallise. 

The semicarhaz^) was prepared by 

warming the acid with semicar bazide acetate in aqueous solution ; it 
sepascates almost immediately as a flocculent mass of fine needles. 
It dissolves readily in acetic acid, but only sparingly in acetone, 
or methyl or ethyl alcohol, and very sparingly in water or ethyl 
acetate. The only medium from which it may be easily crystallised is 
methyl alcohol, from which it slowly separates in small crystals* 
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which melt and decompose at 222 — 223° ; these are usually distinct, 
flattened needles, the terminations of which are composed of two 
Bmall faces, intersecting one another at about 115° ; the extinction is 
straight* Through the faces of some of the crystals, the (probably 
acute) bisectrix of a biaxial interference figure may be made out in 
convergent, polarised light, and emerges normally to the field ; the 
axial angle is wide, and the double refraction is strong. After drying 
at 100° the substance was analysed, with the following result : 

0*2521 gave 0*6052 €0^ and 0*1002 HgO. 0 = 54*6 ; H«fi*4. 

OijHjgOglTg reijuires 0=54*8 ; H = 7’9 per cent. ^ 

The phenylhydrazone and ’^hromophmylkydrazme of camphonic acid 
are precipitated immediately on mixing aqueous solutions of pure cam- 
phonic acid and the corresponding hydrazine acetates ; if precipitated 
in the cold, they form pulverulent, white masses, which may be dried 
on porous earthenware and preserve their pulverulent character, but 
if touched with organic solvents, they at once become oily, and in no 
circumstances could afterwards be induced to exhibit a crystalline 
character. They dissolve to clear solutions in dilute aqueous sodium 
carbonate, carbon dioxide . being evolved, and are reprecipitated on 
addition of acetic acid. Both yield sodium salts which crystallise 
fairly readily in small, flattened needles. 

The sodium salt of the phenylhydrazone, dried at 110°, was analysed, 
with the following result : 

0*3727 gave 0*0898 JN'a= 7*8 per cent. 

requires Na = 7‘3 per cent. 

The corresponding salt of the ^bromophenylhydrazone was also 
analysed : . 

0*4210 gave 0*0819 Ha^SO^. Ka = 6*3 per cent. 

CigH 2208 N 2 ^^^^ iN’asttfi-Sb per cent. 

The hydrazones recovered from the carefully purified sodium salts 
were unaltered in properties, and therefore were not analysed. 


* Action, of Bromine on Camphonic Acid, 

JDihroTnocamphonic acidf 0BT2<C^^^^f^01£e*002R. — When a 

few drops of bromine are added to a cold solution of camphonic acid 
in (^lordEorm, no appreciable action occurs at first, but after the 
several ihinutaa t^^ disappears, hydrogen bromide is 
add-on of more bromine, rapid action occurs, until 
been added. In one instance, 2 grams 
chloroform, wereieft Over- 
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night with bromine, when a crystalline mass was deposited ; the 
liquid was evaporated by means of a current of air, the residue 
spread upon porous earthenware, and finally crystallised from chloro- 
form. A specimen was analysed : 

0*1708 gave 0*1 884 AgBr. Brs«46*9* 

OjoHi^OgBrg requires Br = 46*7 per cent. 

The dibromo-compound is very sparingly soluble in water or light 
petroleum, sparingly also in chloroform or benzene, but dissolves 
somewhat readily in methyl or ethyl alcohol, in warm ethyl acetate, 
and is very readily soluble in acetic acid. It crystallises from 
chloroform or hot dilute acetic acid in slender, glistening needles, 
from glacial acetic acid in prisms, and melts and decomposes at 144°. 
The small crystals from dilute acetic acid, when examined in 
polarised light, show straight extinction, and exhibit brilliant inter- 
ference colours; the long axis of the crystals coincides with the 
direction of least elasticity. 

The substance is so sparingly soluble in water that it appears to be 
insoluble in dilute aqueous sodium carbonate, and when the mixture 
is warmed alters its appearance, but does not dissolve ; it dissolves 
readily, but apparently not entirely, in cold caustic soda, and if 
the solution is warmed, cloudiness ensues, followed by a deposition 
of the monobromolactone. If, however, it is boiled with excess of 
' strong aqueous caustic soda, no such separation takes place, and 
on acidifying the resulting yellow solution, only a slight precipitate 
forms, although an oily acid may be extracted by means of ether. 
This substance has not, as yet, been closely examined. 

Monoh'omocamjphonolactom^ best pre^ 

pared in the following manner. To a solution of dibromocamphonic 
acid in about three times its weight of glacial acetic acid, rather more 
than one molecular proportion of sodium acetate is added, the whole 
boiled for several hours, evaporated nearly to dryness, water added, 
and the insoluble ngiatter collected, dried, and crystallised from 
benzene. It is also obtained by boiling the acid with a strong solu- 
tion of sodium carbonate. A specimen was dried at 100*^ and 
analysed: 

01898 gave 0*1370 AgBr. Br « 30*7. 

' Gi^HjgOgBr re(|uires Br »=30*7 per cent. 

Monobromocsqhphonolactone dissolves very readily in chlorofortn, 
acetic acid, ethyl acetate, or ethyl or methyl alcohol, less easily in 
cold benzene, and is insoluble in water or in light petroleum. It crys- 
tallises from benzene in beautiful, glistening needles or prisms, melts' 
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at 110 — 111®, and fuses at the same temperature after solidification. 
When melted beneath" a cover-slip on a microscope slide, it sets to a 
mass of very long, flat needles, separated from one another by con-^ 
siderable intervals; these, when examined in polarised light, have 
straight extinction, and show interference colours of the first and 
second order. As no axial figure was observed, the crystallographic 
characters of the crystals could not be determined ; as viewed from 
above, the long axis of the . needle coincides with the direction of 
greatest elasticity. 

The lactone is quite insoluble in dilute aqueous sodium carbonatej 
or in cold dilute caustic alkalis; it^ slowly dissolves in hot, strong 
, sodium hydroxide solution, however, losing hydrogen bromide, and 
doubtless yields the same oily acid as was obtained directly from 
dibromocamphonic acid by similar treatment. 

Tnlromocamphonolactom) — ^When di- 

bromocamphonic acid is gently warmed with excess of bromine, action 
readily occurs, hydrogen bromide being evolved, and is complete in 
2 hours. The product may be purified by dissolving in chloroform 
and evaporating to dryness in order to get rid of hydrobromic acid, 
when the slightly viscid residue becomes crystalline on trituration 
with ether ; it may be purified by drying on porous earthenware and 
crystallising from chloroform. The yield is nearly quantitative. On 
analysis; 

. 0-1934 gave 0*2022 COg and 0-0454 C « 28‘5 ; H = 2-6. 

0-2110 „ 0-2875 AgBr. Br«57-9. 

Cj^Hj^OgBrg requires 0 — 28-6 ; H = 2-6 ; Br « 57*3 per cent. 

Tribromoeamphonolactone dissolves fairly readily in chloroform, 
less r^dily in ethyl or methyl alcohol or benzene, and is insoluble in 
water and in light petroleum. It separates from chloroform in beau- 
tiful, white needles, melts at 166 — 167®, and, after solidification, melts 
at the same temperature. When melted beneath slips of glass, it 
solidifies in long, fiat needles, in which no axial figures can be dis- 
. tinguished in convergent, polarised light ; the extinction is straight, 
and the direction of greatest elasticity coincides with direction pf 
greatest length. 

• It is not an acid, as is shown by the fact that it is not dissolved or 
altered by boiling with dilute solutions of sodium carbonate or hydr- 
oxida When heated with strong alkalis, however, it dissolves fairly 

bromide, and afiords a yellow solution, 
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Action of Hycb^ogen Cyanide on Gamjfhonic Acid. 

About 5 grains of camphonic acid were dissolved in about 50 c.c. of 
warm etber, and the whole cooled by means of a freezing mixture to 
— 10°; 4 grams of finely powdered potassium cyanide were then 
introduced in small quantities at a time, and, finally, 3 c.c, of strong 
hydrochloric acid, drop by drop, care being taken throughout the 
whole operation to avoid any noticeable rise in temperature. After 
remaining for an hour at -10°, the flask was allowed to stand for 
48 hours at the ordinary temperature, when the ethereal layer was 
separated and allowed to evaporate spontaneously,. A colourless, 
viscous oil remained, which was transferred to a flask, mixed with 
about 20 e.c. of strong hydrochloric acid, Vith which it was shaken at 
intervals during about 8 hours, and, in order that the reaction might 
be completed, was afterwards heated on the water-bath under a reflux 
condenser for a few hours. The liquid was then evaporated to dryness, 
the residue extracted, first with chloroform, and then with ethyl 
acetate, the remaining solid consii^ting of nearly pure ammonium 
chloride. 

(1) Isohtion of the Lactom of the Hydroxy-tvekU^dicarhoxylic Acid, 

GMeg-OMe-CO 
111 
OHg CHg O . 

CHj-O-COgH 

— The chloroform extract was evaporated to dryness, dissolved in dilute 
acetic acid, and the resulting liquid allowed to evaporate spontaneously; 
a gradual deposition of a semi-crystalline material took place, which 
was removed, and freed from oily matter by spreading it on porous 
earthenware ; it was finally purified by recrystallisation from dilute 
acetic acid, from which it separates, as a mass of long, colourless 

The substance thus obtained contains water of crystallisation, 
l^en slowly heated, it aggregates together at 100°, gives whtor, 
and finally melts at about 140° The anhydrous substance is easily 
obtained by heating the erysWa.at l50° for 15 minutes and crystal- 
lising the residue from benzene. A specimen thus prepared was dried 
at 100° and analysed : 

0*2147 ^ve 0*4894 OOg and 0*1439 HgO. 0- 62*1 ; H = 7*4. 

:: ; ...J QiiH]^04.requirea:0==.62*3 ; H— 7*5 per cent. 

The basicity of the acid was determined by titration against standard 
alkali, phenolphthalein being used as indicator, 0*1203 gram required 
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5-6 C.C. of i^/10 soda for neutralisation, giving the equivalent of the 
acid as 214, that required for a monobasic acid, being 

212 . 

The anhydrous acid dissolves very readily in methyl or ethyl alcohol, 
acetic acid, ethyl acetate, or chloroform, and less readily in benzene ; it 
is more sparingly soluble in water, and separates from hot saturated 
aqueous solutions as an oil, which solidifies on cooling to a mass of 
fine needles; it appears to be insoluble in light petroleum. It 
separates from benzene in silky, fiat needles, which are terminated by 
faces making a very acute angle with one another ; the extinction is 
straight. It melts sharply at 144—145°, this also being the melting 
point of the substance after solidification. 

When fused between slips of glass, it sets, if the cooling is rapid, to 
a glassy mass broken up by cracks due to the considerable contraction, 
but if the glass be carefully warmed, the whole gradually changes to 
a number of fan-like structures, which, in polarised light, show large, 
transparent patches exhibiting aggregate polarisation ; in convergent 
polarised light, the interference figure is usually that characteristic 
of a section parallel to the optic axial plane, but here and there the 
bisectrix of an axial figure of wide angle emerges nearly perpendicular " 
to the field. 

When the acid is heated at its boiling point, it slowly decomposes, 
water and carbon dioxide being evolved. The product seems to 
contain an unsaturated acid, as its solution in dilute sodium carbonate 
at once discharges the colour of potassium permanganate. Moreover,' 
a small quantity of a volatile, crystalline lactone also appears to be 
formed, and may be separated by boiling the product with water, when 
a sparingly soluble substance, having a camphor-like odour, distils 
over with the steam ; this is insoluble in sodium carbonate. Owing 
to the great difficulty in obtaining these substances in sufficient 
quantity, their investigation was not pursued. 

The barium salt was made by adding moist barium carbonate to a 
boiling aqueous solution of the acid. It was very soluble in water 
and crystallised in minute needles having very weak double refraction. 

Ife was dried at 130° and analysed : 

0^3937 gave 0T686 BaS 04 . Ba = 25 2. 

(OiiHiA ) 2 Ba requires Ba=s24'6'per cent. 

In accordance with its lactonic character, the acid is capable of 
f<wrmmg a se<K>nd barium salt. This was obtained by boiling it with 
water for half an hour and then, leading carbon 
solution ; the liquid was afterwards filtered 
then obtained was more readily soluble in 
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cold than in hot water, and was therefore precipitated from solution by 
addition of alcohol, separated by filtration, washed with dilute alcohol, 
dried at 150°, and analysed ; 

■ 0’1416 gave 0*0893 BaSO^. Ba = 37*l. 

CiiHigOgBa requires Ba=: 37*5 per cent. 

A dilute solution of the sodium salt, prepared by neutralising a cold 
aqueous solution of the acid with dilute sodium hydroxide, gave a buffi 
precipitate with ferric chloride, a white precipitate with bismuth 
nitrate, but no precipitate with salts of barium, calcium, copper, 
mercury, manganese or chromium. 

(2) Isolation of the hydroxy-oiB-dicmhoxyliG acidy 

CMeg-^Me-COaH 
CH, (pH, 

C!Ha-0(0H:)-00,H 

— 'The ethyl acetate extract on evaporation deposited a small quantity 
of an acid, in brilliant, compact crystals, which were purified by recrys- 
tallisation from hot ethyl acetate and analysed : 

0*2017 gave 0*4230 00^ and 0*1431 0 = 57*2 ; H = 7*9. 

requires 0 = 57*4 ; "h = 7*9 per cent. 

The basicity of the acid was determined by titration against 
standard alkali in presence of phenolphthalein. A solution of 0*1250 
gram required 10*8 c.c. of HjlO soda for neutralisation, 'hence the 
equivalent of the acid is 115*7, that required for a dibasic acid, 

The substance thus obtained is therefore a dicarboxylic acid. It 
resembles isocamphanic acid in being quite insoluble in chloroform ; 
it is insoluble also in benzene or petroleum, very sparingly soluble in 
water or in dry ethyl acetate, but dissolves somewhat freely in moist 
ethyl acetate and very readily in acetic acid, or in methyl or ethyl 
alcohol. It crystallises from ethyl alcohol in elongated, six-sided 
orthorhombic plates. When heated slowly, it aggregates together and 
finally melts with evolution of gas, doubtless water vapour, at 
207° 

Unfortunately, the total quantity of this compound derived from 
a number of experiments was very small, so that positive proof of the 
presence of the hydroxyl group in the acid has not been obtained; 
the occurrence of this group, however, is scarcely open to question 
when the mode of origin of the acid is taken into consideration. 

The acid seems to be capable of forming an anhydride, as when 
melted it evolves gas, doubtless water vapour, and is afterwards 
readily soluble in chloroform or benzene, but insoluble in sodium 
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carbonate solution, although it dissolves slowly in hot sodium 
hydroxide. 

A dilute solution of the sodium salt gave a light blue precipitate 
with copper sulphate, and a buff-coloured one with ferric chloride ; 
with mercuric chloride, a white precipitate was obtained which in- 
creased in amount when the solution was boiled, whilst precipitates 
were also obtained with mercurous, lead, and bismuth salts, but none 
with nickel, cobalt, barium, or calcium salts. The lead salt is in- 
soluble in moderately dilute acetic acid, 

II. Homocamphoronic Acid. 

Attempts to Brominate Homocamphoronic Acid, 

Homocamphoronic acid is apparently not affected by bromine at 
temperatures below 140®, but at this temperature rapid action occurs, 
and the product, which is at first oily, becomes crystalline when left 
in contact with water ; the crystalline material, however, proved to 
consist very largely of unaltered homocamphoronic acid. No bromine 
was present in the solid material, so that it is probable that, like 
camphoronic acid, this acid affords a hydroxy-derivative, or lactpnic 
acid, on treatment with bromine under these conditions. Similar 
results were obtained with the anhydro-acid. 

Bredt succeeded in preparing a brominated anhydrocamphoronie 
acid by heating the anhydro-chloride with bromine in closed tubes, 
[Annalen^ 1898, 299, 142). On attempting to prepare the anhydro- 
chloride of homocamphoronic acid by heating the anhydro-acid with 
chlorides of phosphorus, it was found that, pn distillation in a vacuum, 
the product underwent considerable decomposition, and a pure com- 
pound could not be isolated. Attempts were made to brominate the 
mixture of anhydro-chloride and phosphorus oxychloride, but without 
success. 

Trimethyl hotnommpkorcmate, Ch^Hj3(002Me)3. — This substance was 
isolated during an experiment in which homocamphoronic acid had 
been heated with 3 molecular proportions of phosphorus pentabromide 
and the product poured into methyl alcohol. It was also made, for 
purposes of comparison, by warming the dry silver salt of homo- 
camphoronic acid with methyl iodide. It formed a nearly colourless, 
slightly viscous liquid, which boiled with very little decomposition 
at 305 — 308® under atmospheric pressure. On analysis : 

0*3378 gave 0^7023 GOg and 0*2515 H 2 O. 0==56*6 ; H = 8*2, 

^ 0=56*9 ; H— 8*1 per cent. 
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Action of JPhospfwrus Tricldoride on AnhydrohomocawplioTonic Acid. 

00 

^-Anhydroliomoccvmphoronic Acid^ C02H*C.7lJj;,<C( 

Anhydrohomocamphoronic aeid was heated with excess of phos- 
phorus trichloride until action ceased; the liquid was then poured off 
from the layer of phosphorous acid and the excess of trichloride re- 
moved by evaporation over a naked flame. The residue, which 
presumably contained anhydrocamphoronic chloride, gave nothing 
crystalline on distillation in a vacuum or on fractional precipitation 
from its benzene solution with petroleum ; the residues»from a number 
of experiments were united and exposed to the air, when deliquescence 
occurred, followed by a’deposition of crystalline mateidal ; the whole 
was then spread on porous earthenware, dried and crystallised from 
benzene. It contained no chlorine and gave the following results on 
analysis : 

0‘2555 gave 0*5234 COg and 0*1494 H^O. C = 55*8 ; H=: 6*5. 

GjoHi^Og requires C = 56*1 ; H = 6*5 per cent. 

This substance, which is isomeric with the anhydrohomocamphoronic 
acid already described (Trans., 1899, 76, 998), has properties which are 
not very different from those of the latter substance ; it is less soluble 
in benzene or chloroform than is the a-derivative, crystallises from 
benzene in well-defined plates or in short, flattened prisms, and melts 
at 128— 129° when slowly heated. 

The presence of a carboxyl group in the substance is shown by the 
fact that it dissolves rapidly in dilute aqueous sodium carbonate ; it 
may be precipitated from this solution apparently unaltered if acid is 
at once added, but hydrolysis slowly goes on if the solution is allowed 
to stand. 

The jfi-anhydro-acid behaves like its isomeride when heated, losing 
carbon dioxide and yielding camphononic" acid, and the yield of the 
ketbnic acid appears to be greater than in the latter case. In order 
to ascertain whether this compound was formed by a stereomeric 
alteration of the anhydrohomocamplioronic acid, it was boiled Idr 
some hours with water until kydrolysis was thought to be complete, 
and the resulting homocamphoronic acid examined, after crystallisa- 
tion twice from Water; the general properties of the acid appeared to 
be unaltered, but it Was found that, after fusion, the solidified residue 
melted at 126°, whilst the original homocamphoronic acid after fusion 
and solidification invariably melted at 86-— 8?° or thereabouts. The 
specific rotation of the acid in a 2 per cent, solution was [a % - 10* 16, a 
number almost exactly that given by the original acid. ’As the curious 
difference might be due to the presence of a small quantity of unaltered 
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j3-anliydro-acid, the whole was therefore boiled with excess of aqueous 
caustic soda for 10 minutes, and afterwards acidified ; the recovered acid 
then melted at after fusion. The assumption that the phenomenon 
was due to the presence of a small quantity of the unaltered ^-anhydro- 
acid does not, however, seem altogether satisfactory, as it was found that 
a mixture of the acid which behaved in this way with ordinary homo- 
camphoronic acid melted after fusion and solidification at temperatures 
between 87^ and 127°. 

It was thought desirable to examine the action of bases upon the 
jS anhydro-aeid. Portions were therefore dissolved in benzene and the 
solution mixed with aniline and paratoluidine respectively and the 
resulting anilic and paratolilic acids examined. They melted at 98 — 100° . 
and 163 — 164° respectively, and had all the properties of the sub- 
stances prepared from the a-anhydro-acid. If the difference 
depends on the particular carboxyl groups involved, and not on stereo- 
chemical change, it would seem probable that one or other of the 
anhydro-acids, possibly the yS-compound, is produced by the elimination 
of water from the adipic acid chain. Eeference has already been made 
(Lapworth and Chapman, Trans., 1899, 75, 990) to the probability 
-that this change occurs as a stage in the formation of camphononic 
acid. 

III. Camphononic A.cid. 

The processes for the preparation and purification of this acid 
(Lapworth and Chapman, ioo, eit,) may be considerably simplified 
with quantities of more than 5 grams by subjecting the crude product, 
obtained by heating homooamphoronic acid to slow fractional distilla- 
tion, The portions of lower boiling point are oily, but afford a 
further small quantity of camphononic acid by repeated distillation. 

On distilling large quantities of homocamphoronic acid, prepared by 
oxidising monobromocampholide, a very small quantity of a ketone 
boiling at 203 — 205° is obtained. As this does not happen when 
camphonic acid is distilled, or pure homocamphoronic acid is employed, 
we have been forced to conclude that the crude homocamphoronic 
acid prepared in this way is not homogeneous, as was at first supposed 
(Lapworth, hoi and the formation of the kefcone would appear to 
indicate that a small quantity of a substituted adipic acid is present 
in the product. Unfortunately, the quantity of this ketone formed 
was far too small to admit of close investigation ; thus 25 grams of 
crude homocamphoronic acid gave only 7*6 grams of camphononic 
^id and 0*6 gram of the ketone. 
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Action of Hydrogen Cyanide on Oampkononie Acid, 

Camplionoiiic acid was subjected to tbe action of hydrocyanic 
acid under very different conditions. Thus, it was dissolved in ether 
and treated with potassium cyanide and hydrochloric acid at - 10'^ 
as recommended by Haller and Held {loc, cit) ; it was also treated 
in closed tubes with strong and dilute hydrocyanic acid at temperatures 
varying from ^10° to 110° for periods sometimes of several weeks, 
and in all cases was recovered almost quantitatively. In anhydrous 
hydrocyanic acid, the camphononic acid dissolved fairly readily ; the 
solutions were heated or cooled for long periods without result, however, 
and in one instance the acid was recovered unchanged after being 
left with the anhydrous substance for 3 months at the ordinary 
temperature. It may be added that, in nearly all cases, the crude 
substance recovered was tested for nitrogen, and that in no case was 
more than a very small quantity detected. 

Oxime of Camphononic Acid, COgH-OgH^g'N'OH. 

This oxime is easily prepared by warming camphononic acid with 
hydroxylamine hydrochloride and excess of sodium hydroxide in the 
usual manner. On adding hydrochloric acid to the alkaline liquid, 
the oxime is precipitated as a somewhat resinous, nearly colourless 
mass, which on trituration with methyl alcohol, becomes brittle and 
may be drained on porous earthenware. A specimen crystallised from 
methyl, alcohol and dried at 100° until constant in weight, was 
analysed ; 

0*2566 gave 0*6437 OOg and 0*1928 HgO. 0 = 68 0 ; H = 8*4. 

CgHi^OgN requires 0=58*4; H = 8*l per cent. 

The oxime dissolves readily in hot ethyl or methyl alcohol, and 
also in ether, ethyl acetate, or acetone, but is less soluble in cold 
methyl alcohol, and is insoluble, or nearly so, in benzene or chlorq* 
form. It separates from a mixture of ethyl acetate and petroleum ih 
beautiful, hard, shining prisma melting at 177—178°, but when 
crystallised by spontaneous evaporation of its solution in methyl 
alcohol, forms very large, well-developed, transparent rhombohedra, 
which are entirely different in crystalline form, and contain solvent 
of crystallisation, as they rapidly become opaque and diminish in 
weight on exposure to the air. These crystals, when slowly heated, 
appear to melt a6 the same temperature as the other forms, doubtless 
owing to rapid loss of methyl alcohol. 

The substance is very sparingly soluble in water, even when hot, 
but dissolves in dilute sodium carbonate solution, and is reprecipitated 
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from, bhe [solution, on addition of acids, as a voluminous mass of 
microscopic needles, whieli^redissolves on addition of excess of acid. 

The oxime dissolves in warm concentrated sulphuric acid, and only- 
slight charring occurs. In one case, 4 grams of the oxime were 
warmed for an hour with the strong acid at 90-— 95^, the product, on 
cooling, poured into water, and the sulphuric acid eliminated as usual 
with baryta water ; the barium in the filtrate was then precipitated 
exactly with dilute sulphuric acid, and the clear solution, after 
evaporation nearly to dryness, left in a cool place for several days. 
About 2 J grains of an acid slowly separated in well-formed prisms, 
which were recrystallised from a little water, in which the substance 
was readily soluble. -»The compound thus obtained was homogeneous 
and contained nitrogen, and as it was entirely different in character 
from camphononic acid or its oxime, was probably a product of intra- 
molecular change of the latter. In order to determine whether its 
further investigation was desirable^ it was boiled with dilute nitric 
acid for about 70 hours, the liquid evaporated, freed from nitric acid 
in the usual way, dissolved in water, and boiled with excess of baryta, 
water, when a considerable quantity of an insoluble barium salt was 
precipitated ; the acid liberated from this yielded about 0*7 gram of 
nearly pure camphoronic acid, and for the reason stated in the 
introductory portion of the paper, this line of investigation was not 
pursued. 

Action of Bromine on Gampkononic Acid', 

When dry bromine is added to a cold solution of camphononic acid 
in chloroform, no appreciable action][occurs at first, but in the course of 
a few hours hydrogen bromide is evolved, and a considerable quantity 
of bromine eventually disappears. On evaporating the solution after 
excess of bromine has been added, an oily residue remains which may 
be separated into two portions by means of sodium carbonate. The 
acidic portion yields very little crystalline matter until subjected to 
farther hromination, but the neuti’al part gradually becomes crystah 
line when triturated with cold strong formic acid. The crystalline 
substance may be purihed by draining on porous earthenware and 
crystallising from hot acetic acid. A specimen dried in a vacuum was 
analysed, with the following results ; 

01691 gave 01370 CO^ and 0'0289 G = 22*5 ; H-1-8. 

\ 01966 „ 0-3486 AgBr ; Br = 75-4. 

V ‘ ^ requires 0 = 22*8 ; H = 1*4 i Br = 7 5*8 per cent. 

is evidently formed from camphononic acid by loss of 
■ It is ii^oluble in, water,' and is not 
potassium hydroxide. ■ It 
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dissolves somewhat readily in most of fehe ordinary organic media 
except light petroleum. When crystallised from warm glacial acetic 
acid, it forms beautiful, colourless, lustrous needles or prisms, which 
melt sharply at 

The bromo-compound readily loses bromine under the influence of 
moist sodium amalgam or zinc dust and acetic acid, but the products 
could not be isolated owing to the very small quantity of material at 
our disposal. When sodium amalgam is added to a solution of the sub- 
stance in a mixture of acetic acid and alcohol, a beautiful magenta 
colour was frequently developed, but as this effect was not invariably 
produced, it was probably due to a small quantity of impurity in the 
bromo-derivative. 

Chemical Depaetment, School of Pharmacy, 

17, Bloomsbury Square, W.C. 


XLVL — New Syntheses of Indene- 

By Stanley Kipping, Ph.D,, D.Sc., F.K.S.,and Harold Hall, A.I.C. 

The hydrocarbon indene, which was first discovered 

dn coal-tar and isolated with the aid of its compound with picric, acid 
by Kramer and Spilker about ten years ago (Ben, 1890, 23, 3279), 
was prepared synthetically some four years later by Perkin and R^tvay 
(Trans., 1894, 65, 228), who obtained it by the distillation of hydrin- 
denecarboxylie acid, 

0 «H,<g| 2 >CH-C 03 H = C,H^<?(§>0H + 002 + H,. 

This synthetical method of preparation, and also the isolation of pure 
indene from coal-tar, appear, however, to be attended by considerable 
diffLculty, and consequently, although there are many general methods 
Known by which derivatives of indene may be obtained fairiy eaMly, 
the preparation of the parent hydrocarbon in a state of purity is Still 
a task of some magnitude. 

This statement is equally true with regard to the hydrocarbon 
hydrindene, since the only method by which this substance has yet 
been prepared is by the reduction of indene with sodium and alcohol. 

Under these circumstances, several attempts have been made to 
obtain these hydrocarbons from more convenient sources. Kb nig, for 
example, tried to prepare indene indii^ectly from a-hydrindamine by 
-distilling a-hydrindyl alcohol with zinc chloride, but was unsuccessful 
{AnTialen, 1893, 275, 341); somewhat similar experiments by Revis.and 
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Kippmg (Tran^.j 1897, 71, 238) also led to no result, in spite of the 
fact that in the latter case, the improved method of preparing 
a-hydrindamine itself rendered this substance easily accessible. 

Another 'matter which added to the interest attached to the prepara- 
tion of the hydrocarbons in question was that brought prominently 
under notice by Perkin and E,6vay, namely, the possibility that the 
ihdene of coal-tar is not identical, but structurally isomeric with, the 
hydrocarbon obtained synthetically, as represented by the following 
formula : 

G«H,<5§>CH 


As a matter of fact, Perkin and Pdvay {ho. cit\ who directly com- 
pared the two preparations, came to the conclusion that they were 
not identical, although they had the same boiling point, and showed 
the same chemical behaviour, and the reasons for this conclusion were 
that the two preparations differed in density, and had different mag- 
netic rotatory powers. On reduction, the two preparations appeared 
to be converted, as was to be expected, into one and the same 
hydrindene, but here, again, the physical properties of the two pro- 
ducts were not identical, although less dissimilar than in the case of 
the two samples of indene. 

It will be obvious from the above statements that the further 
investigation of indene, especially with regard to its physical proper- 
ties, was desirable, and in this paper we make a small contribution to 
our knowledge of this hydrocarbon. 

In the first place, we describe a new and simple method for the 
preparation of indene, a method which has enabled us to procure what 
we believe to be the pure hydrocarbon, in considerable quantities. 
Starling from cinnamic acid, we first prepare phenylpropionic acid, 
convert this compound into a-hydrindone by the method previously 
described (Eapping, Trans., 1894, 66, 484), then prepare hydrind- 
oxime, and reduce to a-hydrindamine ; in all these reactions, the yield 
is practically the theoretical one, except in the conversion of phenyl- 
propionic acid into hydrindone, where it is only about 60 per cent, of 
the theoretical. 

Dry hydrindamine hydrochloride is then heated at about 250°, when 
it rapidly decomposes into indene and ammonium chloride. 






CaH,<^>CH 


+ 


isflo^ to those which occur in the case 

4 ^^ ^ ^ydrocarvyiamine, a-thujonamine, and similar 

■!>© -nearly 



KIPPING AND HALL; NEW SYNTHESES OF INDENE. 


469 


! Trimethylhydrmdamine iodide is also readily decomposed when it is 
submitted to dry distillation, giving indene and trimethylamine hydr- 
iodide in almost theoretical quantities : 

CeH,<g®s>oH, = C6H,<^^>CH + NMe^HL 

The indene obtained by these processes was carefully examined, and 
for reasons which are given later, we conclude that the hydrocarbons 
obtained by Kramer and Spilker (from coal-tar), by Perkin andR^vay, 
and by ourselves represent one and the same chemical individual, 

Indene prom Hydrindamine Hydrochloride. 

Pure hydrindamine hydrochloride (lie vis and Kipping, loc. 
p. 250), in quantities of about 2 grams at a time, is placed in a test-tube 
which is then drawn out and bent at an angle. The salt is then care- 
fully heated; at first it melts, but on heating more strongly an oil 
distils over, leaving behind a white substance which on further heating 
sublimes ; this on examination proves to be ammonium chloride. The 
oil is washed with water and extracted with ether; the ethereal 
solution is then dried with calcium chloride, the ether distilled off, and 
the residue fractionated; the yield of the crude product is about 
95 per cent, of the theory. In the first distillation, almost all the oil 
passes over between 18 P and 182® about 5 per cent, of residue remain- 
ing in the distillation flask. The portion boiling at 181 — 182^ is then 
redistilled over metallic sodium and the main portion, which passes 
over at 181 — 181*3® under 749*6 mm. pressure collected, only a slight 
residue remaining in the flask. 

Indene prom Trimethylhydrindaminb Iodide, 
Freparaiion of THmethylhpdrindamine Iodide, 

When 1 mol. of methyl iodide is treated with 1 mol, of hydrind- 
amine in ethereal solution, trimethylhydrmdamine is fornaed and not 
the monomethylhydrindamine as might be expected, a quantity of the 
hydrindamine being unacted upon. By using 3 mols. of methyl 
iodide to 1 mol, of the base, trimethylhydrindamine iodide can be 
obtained in almost theoretical quanbities. 

Pure hydrindamine (5 grams) is carefully dried over solid potash in 
ethereal solution, and after filtering is treated with an ethereal solu- 
tion of methyl iodide (16 grams) ; the resulting mixture often rises in 
temperature sufficiently to cause the ether to boil, and, after some 
little time, a beautifully white, crystalline, solid separates out ; the 
ether is then distilled off, during which process the^ystalline sub- 
stance changes in colour, assuming a light red tint. The solid residue 
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is then dissolved in as small a quantity as possible of warm methyl 
alcohol, and dry ether is then added to the alcoholic solution. The 
quaternary salt is deposited in bulky masses of long needles, which 
rapidly change into thick prisms. These are pumped off, washed with 
ether, and placed on porous earthenware. The above reaction may be 
represented as follows : 

C,H,<gg">C!H, + 3OH3I = C3H,<g|^>OH2 + 2 HI. 

JTH, N(0H3)3l 

On analysis, the following result was obtained : 

O'S.trimethiodide, dried at 100% gave 0*232 Agl. 1 = 41*8, 
requires 1 = 41*91 per cent. 

Trimethylhydrindamine iodide is fairly soluble in cold methyl 
a.lcohoi, more readily on warming, and the solution deposits, on cool- 
ing, beautiful transparent, compact, six-sided prisms, and plates which 
melt and decompose at about 198^^. It is insoluble, or nearly so, in 
petroleum and ether. On adding ether to its warm solution in methyl 
alcohol, the quaternary salt is precipitated as a very .bulky, flocculent 
mass of needles ; on standing, however, a remarkable change takes 
place, the flocculent mass passing into solution, and the salt being 
deposited in thick prisms. The substance, therefore, is dimorphous, 
and the change of the one crystalline form into the other can be easily 
observed under the microscope. . 


Action of Heat on Tri7^6thylhydH7tdc(mine Iodide, 

The quaternary compound, in quantities of about 2 grams at a time, 
is placed in a dry test-tube, which is then drawn out and bent at an 
angle ; the substance is then carefully heated by means of a small 
idame. It first melts, hut on heating more strongly an oil distils 
over, and there remains in the retort a red liquid, which, on 
cooling, solidifies to a crystalline mass. The oily distillate thus ob- 
tained is crude xndene, the yield of which is theoretical. By frac- 
tional distillation, and finally by dLstillation over metallic sodium, the 
indene is obtained as a colourless liquid boiling afc 181® under 749 mm. 
pressure. 

Examination of the Crystalline Residue, 


, -substance proved to be trimethylamine hydriodide, N'( 0 H 3 ) 3 ,HI. 

f roin -wate^ needles melting'at 253% gave a yellow 

: silver! nitrate, and when treated with 

A basic odour ; further, when treated with 
jsodi-um^, , nitrite,, -a'' dark . precipitated; of 
dete,rminatxon was made in- a 
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sample which had been recrystallised twice from water and dried in 
a steam oven during 1 hour. 

0*1350 gave 0*1679 AgL I = 67*3. 

GgHj^NI requires 1 = 67*8 per cent. 

These results show that on heating trimethylhydrindamine iodide, 
the following decomposition occurs : 

= C«H,<5^^>CH + N(OEl3)3HI. 

Moihhi 

Identification of tJie Hydrocarbon, 

Tor the identification of indene, which, according to Kramer and 
Spilker {loc. is very difficult to burn, we made use of its pro- 
perty of combining with picric acid and benzaldehyde. 

Indene Picrate , — For the preparation of this compound, a solution of 
picric acid in benzene is treated with indene ; after some time, golden- 
yellow needles of a pierate are deposited, and after recrystallising from 
benzene the product melts at 98^; the melting point of indene 
pierate given by Kramer and Spilker is 98° 

Marckwald {Ber., 1895, 28, 1500) has shown that indene behaves 
very like indole in some respects, and that it condenses very readily 
with benzaldehyde in presence of a small quantity of sodium ethoxide; 
he represents the reaction as follows : 

+ CHO-CoHs = 

The indene prepared from hydrindamine hydrochloride by the above 
method was treated with benzaldehyde as described by Marckwald, 
and the yellowish product which was thus formed was purified by 
^repeated crystallisation from alcohol and also from a mixture of 
chloroform and petroleum ; it was thus obtained in yellow crystals 
melting at 133— -134°; Marckwald, who prepared this compound from 
a sample of coal-tar indene, gave 135° as the melting point. For 
analysis, a sample was dried over sulphuric acid. 

0*109 gave 0*347 OO 3 and 0*0609 HaO. 0 = 86*6 ; H = 6 * 2 . 

requires C = 86*4 ; H =,6*4 per cent. 

These experiments seem to prove that the hydrocarbon obtained by 
us is identical with coal-tar indene. A.s further evidence, it may be 
mentioned that the synthetical product combines directly with 
bromine at the ordinary temperature, giving a heavy oil which, when 
boiled with dilute nitric acid, is gradually converted into a crystalline 
substance melting at 131°; this substance is evidently identical with 
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the indene oxy bromide described by Kramer and Spilker (Ber.y 1884, 
17, 125). On prolonged /)xidation with dilute nitric acid, the oxy- 
bromide is converted into an acid which melts above 184®, and 
when heated on a sand-bath, sublimes in long needles melting at 128°. 
These are the properties of phthalic acid. 

Idmtification of the Hydrocarhon with Perkin and E%vay*s Synthetical 

Indene* 

Having established the identity of our hydrocarbon with coal-tar 
indene, we were led to compare it with the synthetical compound 
prepared by Perkin and Bdvay. These authors state (Joe* cit.) that 
their inden%, like the coal-tar hydrocarbon, gave a reddish-brown 
resin (para-indene) on treatment with concentrated sulphuric acid, 
and that it also gave, with picric acid, a picrate very similar in proper- 
ties to the picrate of the indene obtained from coal-tar. These state- 
ments seemed to leave the identity of the two preparations an open 
question, and, as already stated, the results of an examination of the 
physical properties led Perkin and B6vay to the conclusion that the 
compounds were different. Under these circumstances, we made a 
series of determinations of the specific gravity of onr hydrocarbon, in 
order to compare the results with those obtained by Perkin and R4vay. 

The indene used in these determinations was very carefully purifi^ 
by repeated fractional distillation, first alone, then several times over 
sodium, and finally alone ; it was thus obtained quite colourless, and 
having.a constant boiling point of 181 — 18P3° under 749*6 mm. pres- 
sure, the th^Krmometer thread being entirely surrounded by the vapour* 
boiling point given by Perkin and Edvay is 180*5— 18P under 
764 mm, ^essure, "" 

The specific gravity determinations were made as soon as possible 
aft®: distiliation, as the hydrocarbon becomes yellow on keeping ^ two 
difierent preparations were employed* 

(1) d 4°/4°= 1*0079 as the mean of three determinations, 

(2) d4°/4°- 1*0082 „ 

These results are somewhat higher than those obtained by Perkin 
and Bdvay, but, as will be seen from the following table, they are 
sufficiently close to show that the two synthetical preparations of 


indene are identical. 

Synthetical indene (Kipping and Hall).. t?4°/4° 1*0081 

« » (Perkin and E6vay) „ 1*0059 

Coal-tar „ (Kiamer and Spilker) ..... „ 1*0277 

„ „ (examined by Perkin and Edvay) 1*0600 

„ ) 1*0479 
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^ Since the indene which we haye obtained gives an oxybromide 
identical with that obtained from coal-tar indene, the two hydro- 
carbons must be identical, for if they had the different constitutions 
represented by the following formulae, 

08H,<:°§>CH and CeH,<J|>CH„ 

they would give two isomeric dibromides, and the latter would yield 
twojisomei’ic oxybromides, represented by the following formulae : 

and 

1 . 

Since, moreover, our hydrocarbon is identical with that of Perkin 
and KAvay, it is proved that there is only one indene, the constitu- 
tion of which is probably that of the unsaturated hydrocarbon shown 
above. . 

The expense incurred in carrying oufc this work was partly defrayed 
with the aid of a grant from the Govern meht G-rant Fund of the 
Royal Society, and the authors desire to record their thanks for the 
assistance thus afforded. 

UnIVEESITT CoZiEGE, 

Nottingham. - , 


XLVIL— PiZocarjitne and the Alkaloids oj- Jaborandi 

Leaves, 

By Hoopee Albert Dickinson Jowett, D.Sc. 

Pilocarpine, the principal alkaloid contained in jaborandi 1^#% 
was discovered by Hardy {Bull. See. Ghem.^ 1875, [ii], 2^ 4:97^ 
by Gerrard {Phmrm. Ji, 1876, [iii], 6, 865, 965 ; 7, 225) independently 
in 1875, and crystalline salts were prepared by the latter eheinxst, but 
no detailed description of the salts was given nor were they analysed. 
In 1876, Elngzett (this Joum., 1876, ii, 30,367) published an analysis 
of a platinichloride which had not been purified, and proposed the 
formula 0233350^1:74 ; his results, however, agree within the limits of 
-experimental error with the simpler formula, Harm 

and Meyer {Animlen^ 1880, 204, 67) /later annonneedj^ 
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alkaloid was present in jaborandi leaves, and named it jaborine, its 
formula being given as This base was amorphous and 

formed amorphous salts. These chemists also stated that pilocarpine 
on dry distillation with soda-lime yields trimethylamine. Methods 
of preparation of pilocarpine and a determination of its specific 
rotatory power were described by Petit (jBer,f 1877, 10, 896) and by 
Poehl {Jahresh,^ 1880, 993, 1074). Chastaing {Compt rend.y 1883, 97, 
1435 ; 1885, 100, 1593) published a series of papers dealing with the 
chlorination and bromination of pilocarpine and its reaction with 
alkyl iodides. In 1885, Harnack and Meyer {Oliem. Gentr*^ 1885, 628) 
described a third alkaloid in jaborandi leaves, which they named pilo- 
carpidine and ascribed to it the formula Ci^Hj^OghTg. This base, 
although amorphous, gave a crystalline 'nitrate, melting at 129*2°, 
and no precipitate with auric chloride. 

Between 1885 and 1887, Hardy and Calmels {GompU vend,^ 102, 
1116, 1251, 1562 ; 103, 277 ; 105, 68) published a series of papers 
dealing with the description of various salts of pilocarpine and pilo- 
carpidine, details of the conversion of the former into the latter, and 
experiments on the constitution of the alkaloid. They represented 
the base as a derivative of yS-pyridinelactic acid and trimethylamine, 

QQ 

C 5 NH 4 ’C( 0 H 3 )<^^/p,T^ s ^0, and claimed to have completed the 

IN 

proof of the constitution by a partial synthesis of the alkaloid. The 
account of their work, however, is very unsatisfactory and incom- 
plete, and no reliance can be placed on their results ; no description or 
analysis of the various crystalline salts is given and no proof is 
furnished of the identity of the product said to result from the decom- 
position of the alkaloid. 

Nothing further was published till 1896, when Merck {Mercy b JBer»^ 
1896, 11), and shortly afterwards Kundsen (Ber, Flia/rm,^ 1896, 6, 164) 
reported their failure to confirm Hardy and Calmels' results. In this 
year also, Paul and Cownley {Pharm, J., 1896, [iv], 3, 1, 437) drew 
attention to the unsatisfactory state of our knowledge of the subject, 
and noted the results of a few experiments on this group of alkaloids* 

The first complete account of pilocarpine and its salts,, as also of 
pilocarpidine, was given by Petit and Polonowsky {J, Phcmn.y 1897, 
[ vi ], 5, 370, 430, 475 j 6, 8). In addition to the physical constants 
and analyses of the salts, important observations were recorded as to 
the optical behaviour of the bases under varying conditions* These 
chemists were able to convert pilocarpine into pilocarpidine by heat 
or by the influence of alkali, proved that the latter was isomeric with 
the formdr,and asserted, although on very slender experimental evidence, 
[jthe pilocarpidine so prepared was identical with that found in the 
also Sif ted out several inaccuracies in Hardy and 
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Calmels’ work, particularly as regards the experiments on the synthesis 
of the base. 

In 1898, Herzig and Meyer {Monatsh,, 19, 56) criticised Petit and 
Polonowsky’s results, and stated that the relationship between pilo- 
carpine and pilocarpidine was not so simple as was supposed. Merck 
{Arch, Pharm.y 1898, 236, 141) contended that the pilocarpidine of the 
latter chemists was simply altered pilocarpine, and showed that pilo- 
carpidine (natural) underwent a similar change on heating. To these 
criticisms, Petit and Polonowsky replied that the pilocarpidine used by 
Merck was not a single substance, but was really impure pilocarpine. 

It must be pointed out that a confusion of names has arisen, since 
Harnack and Merck use the name pilocarpidine for an alkaloid of 
formula whilst Petit and Polonowsky apply it to a base 

isomeric with pilocarpine, but as just stated do not estab- 

lish conclusively its identity with the alkaloid accompanying pilocarp 
ine in jaborandi leaves. Merck, in his last paper, relies entirely on his 
analytical results for the proof that no pilocarpidine is formed from 
pilocarpine, but if his formula is wrong and these bases are really 
isomeric, his experiments, instead of disproving Petit and Polonowsky’s 
results, actually support them. 

It will thus be seen from this brief summary of the work on pilocarp- 
ine that our knowledge of this group of alkaloids is unsatisfactory, 
and with the view of remedying these defects, the present investigation 
was undertaken. 

The pilocarpine used in this investigation was obtained from the 
following sources : (i) as nitrate in unbroken packages from two manu- 
facturers ; (ii) prepared by myself from Filocarpm mici^ophyllua or 
Maranham jaborandi ; (iii) from a very small sample of true jaborandi 
leaves, jP. jaborandi, oi which I have been unable to obtain further 
supplies. The purified alkaloids obtained from these sources proved 
to be identical. 

It- may be desirable to state here that throughout this investigation 
the greatest care has been taken to work with pure materials, and 
where the results differ from those of Petit and Polonowsky, the 
determinations have been repeated several times with 
preparations. These authors give the melting points as uncorr^ted;jt 
and do not indicate that any special means were taken te ensure the 
purity of their products ; such precautions are particularly necessary, 
owing to the ease with which pilocarpine is converted into isopilo- 
cai’pine during the processes of regeneration, &c., and of conversion 
into different salts. 

The results communicated in the. present paper may be briefly 
summarised as follows : 

1. The physical constants and descriptions of the salts of pilocarpine 
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as given by Petit and Polonowsky are generally confirmed with a 
few exceptions, the most important discrepancy being found in the 
melting point of the picrate* 

2. The optical behaviour of pilocarpine has been thoroughly studied 
and some of Petit and Polonowsky* s figures have been corrected, 
although their general conclusions are Confirmed. 

3. The acid character of pilocarpine has been investigated, and the 
previous work on this subject by Hardy and Oalmels corrected. 

4. The existence of a base isomeric with pilbearpme, pi^ttoed from 
it by the action of heat or Alkali, as previously stated, is cohfiAied*' 
Since this baSe is isomeric with, and bears a close relation to pilocarpine, 
it is proposed to call it isopilocwrpim. It is shown that the base can 
be distilled unchanged in a vacuum . 

5. Some of the physical constants of isopilocarpine and its salts as 
given by Petit and Polonowsky for pilocarpidine are confirmed, and 
others corrected. 

6. Proof is given of the existence of isopilocarpine in jaborandi 
leaves and in the pilocarpine nitrate of commerce. 

7. The existence of the pilocarpidine of Harnack and Merck and their 
statements regarding its composition are confirmed j hence the use 
of the name pilocarpidine for isopilocarpine as suggested by Petit and 
Polonowsky must be abandoned. Some of the salts of this base are 
described. 

8. The absence of pilocarpidine in the pilocarpine nitrate of com- 
merce and in the varieties of jaborandi leaves at present on the 
market is proved. 

9. The jdborine of Harnack is shown to be a mixture of pilocarp- 
idine, isopilocarpine, and possibly a trace of pilocarpine, with colour- 
ing matter. Ko evidence has been obtained of the existence of an 
alkaloid with the properties of jaborine, or of other alkaloids than 
those described in this paper. 

10. Several experiments on the constitution of pilocarpine have 
been repeated and the results of Hardy and Calmels corrected. 
Further experiments on this subject are in progress. 

1 1 . The physiological action of the pure salts and of some deriva- 
tives and other products obtained from jaborandi leaves is being 
investigated by Prof. C. P. Marshall, of University College, Dundee ; 
a brief abstract of the results obtained is given in this paper. 

I. Pilocarpine. 

, Salts of JPUocarpim. 

PUotm’S^MtrcOs, occurs in well-defined crys- 

leis repeatedly from alcohol and from water 
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until the melting point and specific rotation were constant. It melts at 
(corr.) and a determination of its specific rotation gave the 
following result : 

aj>- +15*87°iZ = 2dcm.;c = 9‘572;[a]i>- +82*90° 

Determinations of the solubility of the salt in water and in absolute 
alcohol gave the following results : 

(1.) In water : 6*89 of solution at 20° gave 0*926 salt; hence 1 part 
is soluble in 6*4 parts of water at 20°. 

(2.) In absolute alcohol: 11*191 of solution at 20°gave 0 0414 salt j 
hence 1 part is soluble in 269*3 parts of absolute alcohol at 20°. 

The dry salt was analysed with the following results : 

0*1712 gave 0*306 COg and 0*0994 HgO. 0 = 48*6 ; H 6*46. 

NHg from 2 grams of salt neutralised 16 ‘2 c.c. N acid. N == 10*6. 

OjiHigOgNgjHNOg requires 0 = 48*66 ; H = 6*32 per cent. 

,, 9 > for 3Sr in base, N « 10*3 „ 

Pilocarpine Hydrochloride^ prepared by the usual methods, is easily 
obtained pure, and in very large crystals by crystallisation from 
strong alcohol. The pure salt melts at 204 — 205°, and a determina- 
tion of its specific rotation gave the following result : 

ai>= +18*21°; ^ = 2 dcm.; 0 = 9*924; [a]j>= +91*74° 

On analysis, the following result was obtained ; 

1*0614 gave 0*6216 AgCl. 01 = 14*48. 

OiiHigOglSr^yHCl requires 01 = 14*48 per cent. 

Pilocarpme Hydrohromide is obtained in beautiful crystals by the 
method employed for the hydrochloride. The pure salt melts at 
185° (corr.), and a determination of its specific rotation gave the 
following result : 

ajE>= +15*5°; ^=:.2 dcm.; 0 = 10*058; [a]j,= +77*05°. 

These figures are higher than those given by Petit and Polonowsky, 
but the salt was recrystallised three times without alteration of th#. 
melting point ; the lower figures previously given must hav^ 
those for an impure salt, due perhaps to^a small quantity of im* 
pilocarpine hydrobromide formed during thu preparation. 

On analysis, the following result was obtained : 

* 0*6164 gave 0*3334 AgBr. Br = 27*68. 

CiiHjgOgN^HBr requires Br= 27*64 per cent. 

Pilocarpme Stdphale is somewhat difficult to obtain in crystals 
owing to its extreme solubility in water or absolute alcohol, but it 
can be obtained by adding anhydrous ether to a solution of the dried 

VOL. LXXVn. L L 
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salt in absolute alcohol and allowing to stand in a closed vessel. The 
pure salt melts at 132° (corr.) and a determination of its specific 
rotation gave the following result : 

ao- - + 6-2° j?=l dcm.; 0-7-318 j [a]D^ 4 - 84*72° , 

FHocmpine Ficrate is obtained by adding a solution of picric acid to 
an aqueous solution of the hydrochloride, andean easily be crystallised- 
from hot water or alcohol. It melts at 147° (corr.) and is particu- 
larly useful for identifying the base, even when mixed with isopilo- 
earpine, as the picrates are Somewhat easily separated by fractional 
crystallisation from water. 

FUocarpme AuHoMoride, CjjHjgOgN'g^HA.uCl^^jfl^O.-r-Hardy and 
Calmels have described four compounds of gold chloride with pilo- 
carpine, namely, BjHAuCl^, BjAuOlg, B(AuCl3)g, B,BiAuCl4,Au01,j 
and have specified the conditions under which they were formed, but 
give no analyses of the products. I have repeated their experiments, 
using excess of base, auric chloride, and hydrochloric acid respectively, 
and in every case obtained the normal aurichloride as the sole product. 

On adding auric chloride to an aqueous solution of a salt of pilo- 
carpine, a precipitate is obtained which quickly becomes crystalline. 
The air-dried salt melts indefinitely at about 100°. On analysis : 

0*1764 gave 0*0612 Au. Au = 34*69. 

CjiHi^02H2,HAuCl4,H20 requires Au^^4’S2 per cent. 

When the salt is dried for some time in a water-oven below 100°, it 
loses its water of crystallisation , the anhydrous compound melts 
indefinitely at 117 — 130°, On analysis: 

0-1496 gave 0*0538 Au. Au- 35*96. 

OjjHi^gOgN^jHAuGl^ requires Au — 35*96 per cent. 

The melting points of these salts are not at all sharp, and cannot 
be used for purposes of identification. 

FUomrpim Gold GMoride, Oi^HjgOgNgjAuClg, — If the normal auri- 
chloride is boiled with water or alcohol, it first dissolves, but crystals 
very quickly separate from the hot liquid, which is now strongly acid. 
These, when dry, melt sharply at 163° (corr.), thus differing consider- 
ably from the normal aurichloride. The dried salt was analysed 
with the following result : 

0*09 gave 0*0344 Au. Au — 38*22. " 

Cj^HjgOgNgjAuClg requires Au— 38*51 per cent. 

of auric chloride to the hydrobromide, a red 
.probably CiiBr^gOg^g^HBrjAuCi^, but the 
fm^her examined.' . ■ 
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PiloGarpine Platinicliloride is obtained by adding platinic chloride 
to a solution of pilocarpine hydrochloride ; it forms silky plates, 
which can be recrystallised from hot acidified water. The recrystal- 
lised salt melts with decomposition at about 218^^ (corr.). On 
analysis : 

0*0594 gave 0*0144 Pt. Pt = 24*24. 

(CiiHig02N2)2»H2PtGlg requires Pfc== 23*58 per cent. 

No compound of the composition {Cj^iHj^g 02 N 2 ) 2 PtCl 4 , as described 
by Hardy and Calmels, could be isolated. 

Piloca/rpim Methiodide is formed on dissolving dry pilocarpine in 
excess of methyl iodide, when the clear solution gradually deposits an 
oil, which, however, could not be crystallised, 

PUocan'pim Ethiodide is obtained by dissolving pure dry pilocarpine 
in excess of ethyl iodide and allowing to stand, when an oil separates 
which slowly becomes crystalline. The compound may be recrystal- 
lised from alcohol and ether. It forms cubical crystals, very soluble 
in water or alcohol, and melts at 114° (corr.). On analysis : 

0*3742 required 10*4 c.c. iV/lO AgNOg for precipitation. I =>35*25. 

CnHigOgNgjCgHgl requires 1 = 34*84 per cent. • 

A determination of the specific rotation gave the following result : 
aD= +2*71°; 1^1 dcm.; 0 = 4*158; [a]i>= +65*2° 


Pilocarpine is best obtained by adding excess of ammonia to an 
aqueous solution of one of its salts, and extracting two or three times 
with chloroform j after washing to remove ammonia, the chloroform 
solution, on evaporation or distillation, yields a colourless oil, which 
can be freed from the last traces of the solvent by leaving it in 
an open dish for several days. As thus obtained, pilocarpine is a thick 
oil; freely soluble in water, alcohol, or chloroform, but almost insoluble 
in ether or light petroleum. All efforts to crystallise it by 
methods failed. It can be distilled in a vacuum, but 
process undergoes change into isopilocarpine ^ thus, pure piloearp&ie^ 
after distillation at about 260° tinder 5 mm. pressure; was found to 
form a nitrate, which melted at 146°, this being the melting point of 
a mixture of pilocarpine and isopiiocarpine, containing chiefly the 
latter. 

Petit and Polonowsky state that pilocarpine and isopiiocarpine are 
not extracted by chloroform from a solution of the salt rendered alkaline 
with caustic soda. The following experiment shows that it is possible 
. ‘ L L 2 
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under those circumstances to extract an appreciable quantity of the 
bases. . • 

Pilocarpine nitrate was dissolved in water, excess of soda added, 
and the liquid extracted four times with chloroform, 52*8 percent, of 
the base being thus removed. The alkaline liquid was now rendered 
acid, excess of ammonia added, and the rest of the alkaloid extracted 
by shaking once with chloroform. Petit and Polonowsky^s statement 
therefore requires modification. When the base is set free with caustic 
soda, it is extracted slowly and incompletely by chloroform ; ammonia 
should, therefore, always be used. 

Specific Eolation of Pilocarpine, 

Petit and Polonowsky found the specific rotation of the base to 
be +106®, Poehl having previously obtained the value [a]© +101*6®, 
But although aware of the fact that the base retains the last traces of 
solvent with great avidity, they do not indicate how this difficulty 
was overcome. In the following experiments, after the rotation had 
been taken, a known quantity of the liquid (for example, 4 or 5 c.c.) was 
placed in a tared dish, exactly neutralised with very dilute aqueous nitric 
acid, and evaporated to dryness in a vacuum desiccator. In this way, 
from the amount of nitrate found, the concentration of the solution 
used can be calculated. The following results were obtained : 

+T0® J^=O'6dcm.; 0=19*83 +100*8® 

+U-3®; ^-l dcm,; 0 = 14*188 ; [a]o= +100*8® 
aD= + 2*1® ; 7=2*1 dcm. j o= 1*0641, * [a]]j= +100® 

Mean of three determinations, [aj^ = + 100*5.® 

Petit and Polonowsky have shown that caustic alkali affects the 
rotation: of pilocarpine in a peculiar manner, and explain this by sup- 
pdsiBgtiiat the base is the anhydride of an acid with a lower rotation : 
oh treatment with caustic soda, the salt is formed which gives the rota- 
tion of the acid. They boiled pilocarpine with excess of caustic soda, 
^en titrated back with decinormal acid, so that there was exactly a 
molec^e of caustic soda present to each molecule of pilocarpine, and, 
on examining the resulting solution, found that the specific rotation 
had fallen to + 23*8°. In the same paper, however, they point out 
that pilocarpine is converted into isopilocarpine by boiling with caustic 
soda, and as the latter has a lower rotation than the former, their 
experiment is invalid. 

To ascertain the effect of alkali, mixtures of pilocarpine and caustic 
in varying proportions were made, one being kept for a month, 
was treated with hot caustic soda. The following 
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(L) 4 mols. of base to 1 mol. caustic soda. 

ajj= +5*08°; ?=ldcm.; o = 5*949 ; [a]^^ +85*40°. 

(2.) 2 mols. of base to 1 mol. caustic soda. 

ax>= +3*716°; 1 = 1 dcm. ; c = 5*949 ; [a]j,= +62*47°. 

(3.) 1 mol. of base to 1 mol. caustic soda. 

ai>« +1*916°; ^=1 dcm.; c-5-949 ; [aj^^ +32*21°. 

(4.) 1 mol. of base to 4 mols. caustic soda. 

ao= +1°; ?=1 dcm.; c= 2*9745 ; [a]j,= + 33*62° 

This, after standing one month, gave [a]D= + 31*5°. 

+0*6°; ^=1 dcm. ; c = 2*8376 ; [a%= +21*15° 

(5.) Boiled with excess of caustic soda for 10 minutes. 

These experiments show that the specific rotation of pilocarpine 
with excess of the alkali is +31*5°, and that the figure obtained by 
Petit and Polonowsky, namely, , + 23*8°, is due to a slight decompo- 
sition into isopilocarpine. It was also found that this conversion of 
pilocarpine into the acid of lower specific rotation may take place, 
to a limited extent, in aqueous solution in the absence of alkali. Thus 
the specific rotation of pilocarpine in aqueous solution, after standing 
for 3 weeks, was : 

ai>= +5*5°; 1=1 dcm.; c = 7*094; [a]i>« +77*53° 

This solution gave a nitrate of melting point 178° (corr.), so that the 
base was pure pilocarpine. 

An attempt was made to determine the rotation of free pilocarpic 
acid by preparing it from the barium salt, but low figures were 
obtained, which were found to be due to the partial conversion of 
pilocarpine into isopilocarpine by the alkali. 

Compounds of Fihcarpine with Metals. 

Hardy and Oalmels stated that pilocarpine might be regarded as 
the anhy^nde of a hypothetical pilocarpic acid, and described the 
sodium, potassium, barium, copper, and silver salts. Petit and Polo- 
nowsky. confirm this statement, describing, however, only the sodium, 
and barium salts and the acid, which rapidly passed into the 
anhydride. 

Sodnum JBUoearpato is formed as a varnish by evaporating to dryness 
a solution of 'pilocarpine in water, to which a molecular proportion of 
soda has been added. As stated by Petit and Polonowsky, chloro- 
form does not dissolve this salt or extract any alkaloid from it when 
dry ; if, however, it is dissolved in water, an appreciable amount of 
the alkaloid can be removed by shaking with chloroform. The 
alkaloid can be titrated with alkali by boiling, and using phenol- 
phthalein as an indicator; the end reaction, however, is not sharp* 
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The liquid remains colourless until about half the theoretical quantity 
of alkali has been added, and then gradually develops colour, but a 
decided red is not observed until practically the theoretical quantity 
of alkali has been added. This behaviour indicates the extraction of 
about 50 per cent, of the alkaloid from soda solution, as previously 
described. 

Barium FHoearpate can be obtained, as stated by earlier workers, by 
evaporating to dryness equivalent proportions of pilocarpine or the 
mtrate with baryta water, and extracting the residue with 90 per 
cent, alcohol. I attempted to prepare free pilocarpic acid from this 
salt by decomposing it with exactly the right amount of dilute sul- 
phuric acid, and obtained a product having the following specific 
rotation t 

ai>=tr + 1 * 50 . ^=,8*73; [a]i>= +17*18'^. 


The melting point of the nitrate of this base was 164°, showing that 
the treatment with baryta converted some of the pilocarpine into 
isopilocarpine. 

Copper Pilocarpate . — Hardy and Oalmels stated that they prepared 
this salt by boiling a solution of barium pilooarpate to which a solu- 
tion of a copper salt has been added, when it separate as a green 
powder, and they gave it the formula B^Ou. I have obtained a 
similar result, but, on analysing the product, found it to be copper 
hydroxide : 

0*1982 gave 0*1610 €uO. Cu = 64’90. 

B^OurequiresCu== 13^21Ca(OH)2requires Cu= 65*1 per cent. 

Evidence, however, was bbtcnned of the existei^c^ of Cfopper piiecarpete> 
al#ioiigh the salt could not be isolated in a pure form. 

When freshly precipitated copper hydroxide in excess is boiled with 
a sdutibm of pilocarpine, part of it dissolves, and a dark blue solution 
is firmed, wMch, when filtered and evaporated to dryness, gives a 
dark blue varnish. On analysis, the following result was obtained ; 

0*1912 gave 0*0136 GuO. Gu = 5'67 per cent. 


A portion, well washed with chloroform to remove any free alkaloid, 
was also analysed : 

0*1598 gave 0*019 GuO. Cu = 9'49. 

(GjjHi 50 gN 2 ) 2 Gu requires Cu= 12*47 per cent. 


^he product was therefore copper pilocarpate, with a little pilocarpine 

' ' ‘ '‘,it.,„ V . 

, a^s described by Hardy and Galmels, was silver 
be obtained by treating piloc^ine 
and evaporating the solution to dry ^ 
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ness. The product, however, as in the case of the copper salt, con- 
tained a large quantity of pilocarpino. 

Filocarpim Argento-niiTate, (0jjHig02N2)2,AgN03. — Hardy and 
Calmels state that on mixing aqueous solutions of silver nitrate 
and pilocarpine, two crystalline substances are obtained, having 
either the formula BjAgNOg or B,(AgN03)2, according to whether 
excess of the base or silver salt is used. I have found that under both 
these conditions only one salt is formed, and analysis shows it to have 
a different composition from that previously assigned to it. The crys- 
tals melt at 14P (corr.) sharply, and the results of the analyses were 
as follows : 

(L) Salt prepared by adding excess of silver nitrate, 

0*1378 gave 0*0254 Ag. Ag = 18*43. 

(2.) Salt prepared bj adding excess of pilocarpine, 

0*1652 gave 0-0302 Ag. Ag« 18*28. 

(CjjHig02N2)2,AgN03 requires Ag = 18*41 per cent. 

These experiments are more in accord with the view that pilocarpine 
is a lactone and not a betaine as suggested by Hardy and Oalmels. 

II. Isopilocarpine. 

Formation of Isopilocarpine from rUocarpine. 

The formation of this base from pilocarpine by the action of heat or 
alkali, was first noted by ^ Petit and Polonowsky. Although its exist- 
ence has been questioned by Merck, I am able to fully confirm Petit 
and Polonowsky 's observation, but, as in the case of pilocarpine, some 
of the physical constants on record require modification. The name 
pilocarpidine, given to this base by Petit and Polonowsky is, how- 
ever, inadmissible, since that name should be retained for a base, 
Jaborandi leaves, which _has been partly 
described by Harnack and by Merck. As the new alkaloid is isomeric 
with pilocarpine and easily formed from it, I propose to term it i$<h 
2 nloea^m, This ..base, being so readily formed by the action of heat 
or alkali on pilocarpine, is very often present in it as an impurity, and 
many of the discrepancies between previous figures and my results are 
due to this fact. If pilocarpine hydrochloride is heated for half an 
hour at a few degrees above its melting point, or if some pure pilocarpine 
is distilled in a vacuum, a product is obtained which yields a crystal- 
line nitrate melting at 146% and this melting point is not affected 
by two or more recrystallisations of the salt. It is possible, however, 
to separate pilocarpine and isopilocarpine from bhe mixture. The base 
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is best obtained by beating an alcoholic solution of pilocarpine with 
alcoholic soda for some hours on a water-bath in a reflux apparatus, 
and on regenerating the base one or two crystallisations of the nitrate 
will yield a pure product melting at 159° (corr*). Most of the salts 
have been prepared from the base obtained both by the action of heat 
and of alkali on pilocarpine. The physical constants of these salts 
proved that the base formed by either naethod is isopilocarpine. 
These results necessitate a revision of the statement frequently met 
with^ based on Hardy and Calmels" work, that “ pilocarpidine, on 
heating, yields pilooarpidine, jaborine, and jaborio acid.’^ 

SalU of IsoploGarpine, ^ 

IsopUocarpine Nitrate can be obtained in very long prisms from water, 
or in short prisms from alcohol, and is insoluble in ether, chloroform, 
or acetone. It melts sharply at 159° (corr.), and one of many deter- 
, minations of its specific rotation gave the following result : 

+4'7°i Z=2dcm.j 6-586; [a]D= + 35*68°. 

The purity of the salt was determined by the fact that, after three 
recrystallisations from alcohol and from water, the melting point 
and specific rotation were unchanged. Determinations of the solu- 
bility in water and in absolute alcohol gave the following results : 

(1.) In water : 4*402 solution at 19° gave 0*4696 salt ; hence 1 part 
is soluble in 8*4 parts of water at 19°, 

(2.) In ab^lute alcohol *.10*3924 solution at 20° gave 0*029 salt; 
hence 1 part is soluble in 357*3 parts of absolute alcohol at 20°. 

Petit and Polonowsky give the solubility in 95 per cent, alcohol as 
1 in 135, and of pilocarpine nitrate as 1 in 146, If this were so, 
the order Of solubility of these salts in alcohol would be the reverse 
of that in water, which is improbable, and, as above shown, is not the 
case. On combustion, the dry salt afforded the following figures ; 

0*2578 gave 0*462 COg and 0*1494 HgO. 0 = 48*87; H = 6*43. 

CjjHjgOgNgjHNOg requires 0== 48*65 ; H = 6*32 per cent. 

IsopilocaTpine Hydrochloride can be obtained from the nitrate by 
the usual methods, and is best crystallised by adding ether to an 
alcoholic solution, as the salt is extremely soluble both in water and 
in absolute alcohol. The pure air-dried salt melts at 127° (corn), and, 
u n l ik e pilocarpine hydrochloride, is not hygroscopic, but stable in the 
. ^ idr. It eontains half a molecular proportion of water of crystallisation 
theloUowing' aiml^^ 

: ‘ until constant, lost 0-012 HjO. H20=3-6. 
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A determiaation of ifcs specific rofcafcion gave the following result : 

%= +1*93^^; Z=ldcin.; c = 4‘974; [a]p== +38*8°. 

The anhydrous salt melts at 159° (corr.)- 

IsopUocdTpinQ Hydrobromide is obtained in a similar manner to the 
hydrochloride by adding ether to an alcoholic solution. The crystals 
are anhydrous and melt at 147° (corr.). A determination of its 
specific rotation gave the following result : 

ai,- +1*5°; ?=2dcm.; c = 2*288; +32-8° 

Isopilooarpine Ficmte, prepared by adding picric acid to the aqueous 
solution of the hydrochloride and reorystallising from water or 
alcohol, forms long, brilliant yellow needles which melt at 161° (corr.). 

Isopilocarpim Aurichlonde is formed by adding a solution of auric 
chloride to a solution of pure isopilocarpine hydrochloride, and allow- 
ing the amorphous precipitate to become crystalline. The crystals are 
anhydrous and melt at 158—159° (corr.). On analysis : 

; 0*1888 gave 0*0678 Au. Au = 35*91. 

Cj^Hj^gO2N’2*HAu0l4 requires Au = 35*96 per cent. 

Isopilocarpine Gold Ghloride is prepared by boiling the aurichloride 
in water, when crystals separate exactly as in the case of the corre- 
sjponding pilocarpine salt ; these melt at 185 — 186° (corr.). On analysis: 

0*1564 gave 0*0604 Au, Au = 38*61, 

OjiHigOaNgjAuClg requires Au= 38*5 per cent. 

Isopilocarpim Platinicklaridef obtained by the usual method, crys- 
tallises in orange scales, which melt at 226 — 227° (corr.) with 
blackening and effervescence. On analysis ; 

0*2608 gave 0*0592 Pt. Pt = 23*60. 

(Gi^H3^g02N2)2,B[2PtCl6 requires Pt « 23*58 per cent. 

Isopilocarpim Mcthiodids is obtained by dissolving pure dry 
isopilocarpine in excess of methyl iodide, allowing it to stand, then 
removing the excess of methyl iodide, and recrystallising thie residue 
from absolute alcohol until pure. It melts at 114° (corr.). A deter- 
mination of the specific rotation gave the following result : 

+0*83°; dcm,; c ^ 2*734/ [a]p= +30*4°. 

On analysis, the following result was obtained : 

0*2597 required 7*6 c.c. A/10 silver nitrate for precipitation. I =* 37*1. 

requires 1 = 36*23 per cent. 
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Propertm of Isopilocct/rpimy ^ 

Isopiloearpine can be obtained by a similar method to that nsed for 
pilocarpine, and the two bases possess very similar properties. Petit 
and Polonowsky have described it as forming large crystals, which are 
very hygroscopic, and soluble in all proportions in water and in alcohol 
I have not obtained it in a crystalline form^ but have found that it 
can be distiUed^in a vacmum without decomposition, and forms a 
colourless, viscid oil, becoming quite fluid on warming, tt boils at 
261® under 10 mm. pressure, and the distillate ^elds a nitot^ mj^ing 
at 159®, thus proving that the base distils unchanged. The speciSC'iNifefc^ 
tion was observed with the same precautions as detailed nnder pilo- 
carpine, with the following results : 

ao- +5®; l=l dcm.; c = ll*652; [a],>= +42-91®. 

+2-8®; Z=1 dcm. ; c= 6*555; [a]p= +42*7®. 

Mean of two determinations [a]D== +42-8®, 

Three determinations of the specific rotation of the base, to which a 
molecular proportion of sodium hydroxide had been added, showed the 
solution to he inactive, and on adding excess of alkali no activity was 
observed. 

G<yp]^ Isopihem^pcUe covid not be obtained pure, though evidence of 
its existence was obtained. An aqueous solution of pure isopilocarpin e 
was boiled with an excess of freshly precipitated copper hydroxide, 
filtered, and the blue filtrate evaporated to dryness ; this was extracted 
with chloroform; the chloroform solution precipitated with ether, and 
the moth^ Uquor eva^^ to dryness. All three products were 
theoEi analysed, with the following results : " 

(1) . Portion insoluble in chloroform : 

0*0744 gave 0*0068 CuO. Cu 7*3 per cent. 

(2) . Portion soluble in chloroform, but precipitated by ether : 

0*0888 gave 0*01 CuO. Cu = 8*99 per cent. 

(3) . Portion soluble in the mixture of chloroform and ether : 

0*7238 gave 0*0192 CuO. Ca=2*12 per cent. 

(^ 11 ^ 15 ^ 3 ^ 2 ) 2 ^^ requires Cu = 12*47 per cent. 

The last product was chiefly isopilocarpine, but the others contained 
copper isopilocarpate. 

^ Argmio-nUra ^, — On adding excess of silver nitrate in 

an oily pre- 
be obtained 


sitotion to an aqueous solution of isopilocarpine, 
\ obtained which contained silver, but could noi 
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Esdstence of Isopilocarpim in the Alkaloids obtained from Jahorandi 
Learns and in the Pilocarpine Nitrate of Coinmerce, 

The settlement of this question was one of the most important points 
in this inquiry, and unexpectedly proved to be a most difficult and 
tedious task. Harnack, and more recently Merck, have stated t hat. 
the alkaloid yielding the crystalline nitrate accompanying pilocarpine 
is pilocarpidine, and it has been generally assumed that 

any impurity in pilocarpine nitrate would be pilocarpidine nitrate, or 
less likely jaborine. nitrate. Petit and Polonowsky, on the other hand, 
state that the impurity existing in the pilocarpine nitrate of commerce,, 
sometimes to the extent of 60—60 per cent., is isopilocarpine nitrate,, 
and that this alkaloid is found in the leaves. There are thus- 
apparently two opposite statements, both supported by experimental 
proof. The only proof adduced by Petit and Polonowsky as to the 
identity of isopiloearpine prepared from pilocarpine with that obtained 
from the leaves, or from the pilocarpine nitrate of commerce, is that 
auric chloride behaves in precisely the same manner with isopiloearpine 
obtained from the first two sources. 

My experiments prove conclusively that the impurity existing in 
the pilocarpine nitrate at present on the market, and in the alkaloid 
prepared from jaborandi leaves oat present obtainable is isopiloearpine, 
identical with that formed from pilocarpine, and further that iso- 
pilocarpine exists ready formed in the leaves. 

Two samples of pilocarpine nitrate from different manufacturers 
were used, and a quantity of impure pilocarpine nitrate was prepared 
from the jaborandi leaves at present in the market, called Maranham 
jaborandi. The process of purification employed was one of repeated 
fractional crystallisation until a product of constant melting point was 
obtained. All three products behaving similarly, they were at a 
certain stage mixed, and the results obtained therefore relate to aU 
three specimens. 

By repeated fractional recrystallisation, a nitrate was obtained of 
melting point 146°, which was not changed by two recrystallisations, 
and when obtained in two fractions both mdted at 146°; this was- 
regarded as a pure product, and, therefore was converted into the* 
hydrochloride, from which, by recrystallisation from absolute alcohol,, 
and finally by fractional recrystallisation from alcohol and ether, a 
quantity of pure pilocarpine salt was separated. A hydrochloride, 
however, was obtained melting at 150°, which was unchanged 
by two reerystallisations from alcohol and ether, and by collection in. 
two fractions. From this product, the aurichloride, platinichloridcj 
piorate, and base were prepared, and the hydrochloride, auri- 
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chloride, and plafciniohloride analysed. In all cases, melting points 
and specific rotations were obtained, differing but slightly from those 
of the corresponding isopilooarpine salts, and the analytical results 
agreed exactly with those required for the latter base. On recrystal- 
lisation of the hydrobromide and nitrate, however, the product was 
found to still contain pilocarpine ; and from the nitrate — which was 
expected to melt at 146°, but which actually melted at 150° — ^by 
recrystallising it seven times, pure isopilocarpine was finally obtained. 
It had thus been necessary to recrystall^se the nitrate and hydro- 
chloride about 20 times and in about 40 fractions before obtaining a 
pure product and a satisfactory result. 

The proof of the identity of the base with isopilocarpine was 
furnished by the physical constants and analyses of the base, nitrate, 
hydrochloride, hydrobromide, pierate, aurichloride, gold chloride, and 
platinichloride. 

In view of the importance of this point, the analytical data are here 
given; the melting points in all cases agreed exactly with those 
recorded for the salts of isopilocarpine. The agreement of these 
figures likewise affords proof of the correctness of the constants pre- 
viously given. 

Base obtained from impure pilocarpine nitrate. 

Specific Rotation of Base : 

ai>= +1*5°; Z=s=l dcm. j c-3-549 ; [a] 3 )= +42*2° 

With excess of alkali, = 0°. 

jcWimie.— 'Specific rotation : 

+6'l°;^-2dcm.;c=::8*784;[a]D=+ 34*72°. 

. The solubility in water and in alcohol was determined, with the 
following results : 

Solubility in water : 6*401 of solution at 19° gave 0*7262 salt ; 
hence 1 part is soluble in 7*8 parts of water at 19° 

Solubility in absolute alcohol : 15*48 of solution at 19° gave 0’045 
salt ; hence 1 part is soluble in 343 parts of absolute alcohol at 19°. 

Hydrochloride. — Specific rotation : 

aD= +2*7°; ^=1 dcm. ; 7*036 ; [a]D=s +38*3°. 

0’7278 lost 0*0242 HgO when the air-dried salt was dried until of 
constant weight. 3 *32 per cent, 

Hydfolromide. — Specific rotation : 

' v ;,, +0*75°;^==! dcm.;c = 2-182; [a]i>= -f34*3°. 

; 0*1956 gave 0*0704 An. Au=35*99. 
requires Au = 35*96 per cent. 



ALKALOIDS OF JABOEANDI LEAVES. 


489 


Gold CMonde . — Analysis : 0*0516 gave 0*0198 Au. Au=! 38*37. 

OiiHigl^^gOg, AuClg requires Au =38*51 per cent. 

Flatinichloride,^ — ^Analysis : 0*12 salt gave 0*0282 Pfc. Pfc= 23*5. 

(C^;^B[ig02N2)2,H2PfcCJe requires Pfc = 23*58 per cent. 

These figures, together with the melting points, afford conclusive 
proof of the identity of the base obtained from impure pilocarpine 
nitrate with isopilocarpine prepared from pilocarpine by the action of 
heat or alkali. 

The mother liquors from the nitrate last obtained were then ex- 
amined, and a base isolated which at first was thought to be a new 
alkaloid with a nitrate melting at 144°, as this constant was not 
altered by four recrystallisations. By preparing the picrate, however^ 
and recrystallising several times, the base was found to be a mixture 
of pilocarpine and isopilocarpine. 

In order to obtain further evidence that these mixtures, which in 
some respects behaved as a pure substance, consisted of pilocarpine 
and isopilocarpine, four mixtures of the nitrates were made in certain 
proportions and recrystallised from alcohol. The results fully con- 
firmed those previously obtained, 

(1) A mixture of 90 per cent, of pure pilocarpine nitrate and 10 per 
cent, of pure isopilocarpine nitrate, after one crystallisation, melted 
at 170°, and after five recrystallisations yielded pure pilocarpine 
nitrate. 

(2) A mixture of equal parts of the two nitrates melted indefinitely at 
144 — 147°, and after five recrystallisations yielded an impure product 
melting at 160 — 165°, which seemed to be unaltered by further re- 
crystallisation. 

(3) A mixture of 33 parts of pilocarpine nitrate and 66 parts of 
isopilocarpine nitrate melfced at 144°, and this melting point was not 
altered by three recrystallisations. 

(4) A mixture of 90 per cent, isopilocarpine nitrate and 10 per cent, 
pilocarpine nitrate melted first at 157°, and after two recrystallisations 
yielded pure isopilocarpine nitrate. 

These experiments fully explain the diflioulties above-mentioned, 
and also a statement that pure pilocarpine nitrate melting at 141*7° 
was not changed by recrystallisatioh (Paul and Oownley, he, cit). 
The alkaloid prepared by me from the leaves was not subjected to 
any conditions that would convert any appreciable amount of the 
pilocarpine into isopilocarpine ; the latter, however,, was found to be 
present, although only in small quantity, and it certainly exists in the 
leaves. 
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nr*. PiLOGARPIDINE* 

Having failed to obtain pilocarpidine from either the pilocarpine 
nitrate of commerce or from the leaves, I procured a small quantity 
-of the nitrate from Merck, and after verifying Merck’s statements 
regarding ite composition and properties, made another very careful 
search for the base both in pilocarpine nitrate of commerce and in 
jaborandi leaves, but with negative results. 

Salts and Properties of Pilocarpidine. 

Pilocarpidine Nitrate, as obtained from Merck 

was in large, prismatic crystals which melted at 135° (corr.). It was 
purified by recrystallisation from absolute alcohol until of constant 
melting point, and then melted at 137° (corr.). The salt is anhydrous, 
and determinations of its specific rotation and solubility gave the 
following results : 

ajj= +5-2°^ 1=1 dcm.; c = 7*104 j [a]o= +73'2°, 

Solubility in water: 0*935 solution gave 0*3154 salt; hence 1 part 
is soluble in 2 parts of water at 15°. 

Solubility in absolute alcohol : (i) 5*6152 solution gave 0*0672 salt ; 
hence 1 part is soluble in 82*56 parts of absolute alcohol at 15°. . 

(ii) 6*0958 solution gave 0*0756; hence 1 part is soluble in 79*63 
parts of absolute alcohol at 15°. Mean = l in 81*1. 

It was noted that this nitrate was much more easily decomposed by 
teat than that of the other bases. 

Filocarpidim AuricMoride.’— On adding auric chloride to a some- 
•what dilute solution of pilocarpidine nitrate, no precipitate was ob- 
tainedjjbut crystals separated on spontaneous evaporation. These were 
recrystallised from glacial acetic acid, and melted at 124 — 125° (corn). 

Pilocarpidine PhitinicUoride was prepared in the usual way, and 
was obtained in yellow needles, which, when air-dried, melted , at 
88—89° (corr.), but when rendered anhydrous by heating at 80° for 
some time, then just above 100°, melted at 187° (corr.). The air-dried 
salt gave, on analysis, the following result : 

0*1796, dried at 80° until constant, lost 0*1048 HoO. HqOw 8*3. 
0*1508 gave 0*0342 Pt. Pt~ 22*67 per cent. 
(GiQEi4O2N2)2,H2Pt0l6,4H2O requires HgO « 8*28 ; Pt « 22*39 per cent. 
The anhydrous salt was also analysed : 

0*1648 gave 0*0402 Pt. Pt«24*39, 

(^io^u^s^ 2 ) 2 »S 2 ^tOl 0 requires Pt=! 24*41 per cent. 
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Filocarpidine Ficrate came down as an oil on attempting to crys- 
tallise from hot water the precipitate obtained by adding picric acid 
to the aqueous solution of the nitrate, and all attempts to crystallise 
it failed. This behaviour is very dififerent from that of the picrates of 
pilocarpine and isopilocarpine, which crystallise with ease. 

Specific Rotation of the Base, — An endeavour was made to determine 
this constant by a similar method to that employed for pilooai'pine, 
but owing to the readiness with which pilocarpidine undergoes de- 
composition, a satisfactory result was not obtained. The nitrate was 
therefore dissolved in a little water, a molecular proportion of caustic 
soda added, the solution made up to a definite volume, and the rotation 
observed ; then another molecular proportion of alkali was added, and 
the rotation again taken. The results were as follows : 

ai>= +1^25^^; Z = 1 dcm.; c = l*5374; +81-3° 

with alkali ; 

aD= Z-ldcm.; (j=:l*419;[a]i>= -i-35-2^. 

Pilocarpidine thus behaves similarly to the other bases examined. 

N'on existence of FUocarpidim in PUoca/tpine FFUrate of Commerce and 
in JahoTcmdn Leaves. 

The properties which differentiated pilocarpidine from the other 
bases were the great solubility of the nitrate in water or alcohol, 
and the formation of an amorphous picrate. The nitrate was re- 
peatedly fractionated from absolute alcohol and from mother liquors, 
and the product having the lowest melting point was carefully examined 
for pilocarpidine by forming the platinichloride and the picrate. 

From 28 grams of pilocarpine nitrate of commerce, a nitrate was 
obtained melting at 143% and the mother liquors from this fraction 
gave a platinichloride melting at 218% this being the melting point of 
pilocsurpine platinichloride. The fraction melting at 143® crystallised 
in two fractions and gave melting points of 150® and 143® respectively. 
There was thus no evidence obtained of the existence of pilocarpidine 
in this sample of pilocarpine nitrate. 

From the alkaloid obtained by working up a large quantity of the 
leaves, 90 grams of a nitrate melting from 149—160® were obtained. 
This was converted into hydrochloride, recrystallisM from absolute 
alcohol, and the alkaloid from the mother liquors converted into 
nitrate, which was treated as above describe. The final fraction 
gave a nitrate melting at 143®, yielding an amorphous picrate, which 
afterwards, however^ became mostly crystalline. The crystals proved 
to be chiefly pilocarpine picrate. Kie alkaloid was regenerated from 
the amorj^ous pimate and verted into the platinichloride, which 
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was amorphous, did not melt at 260° and was therefore not pilo- 
carpidine. It was thus proved that the jaborandi leaves at present ob- 
tainable, consisting chiefly of microphyllmt contain no pilocarpidine. 

IV, Jaboeinb, 

This alkaloid has been described by Harnack and Meyer as existing 
in the mother liquors of pilocarpine, and as being an amorphous 
base yielding amorphous salts. , It is stated to be less soluble in 
water, and more soluble in ether, than pilocarpine, and to be 
physiologically antagonistic, to it, resembling atropine in its action. 
An attempt was made to isolate this alkaloid, if present, by its : 
sparing solubility in water and its solubility in ether, since the 
other bases are not precipitated from their salts by ammonia, and 
are almost insoluble in ether. Indications of such an alkaloid had 
been obtained, as in some cases a precipitate was produced by 
ammonia. From the total alkaloid extracted by chlorofoim from a 
quantity of the leaves of F, pmnatifoliitSf the only other variety 
obtainable besides JP. microphyllus, resin was removed by dissolv- 
ing it in alcohol and pouring into acidified watei*. The filtrate 
was then made alkaline with ammonia, the precipitate collected, re- 
dissolved in acidified water, and reprecipitated with ammonia,, this 
operation being repeated several times, and the precipitate finally ex- 
tracted with ether ; a very small residue was obtained, which was not 
soluble in a little cold water, and did not seem to 'be basic. The yield 
of this substoce was 2 per cent, of the total alkaloid, and it did not 
agree at all with the description given of jaborine. 

A very large quantity of mother liquors from pilocarpine, prepared 
from P. microphyllus^ treated in a similar manner, gave an ethereal 
extract which, when converted into a nitrate, yielded a crystalline 
salt melting at 143°, and consisted of pilocarpine and isopilocarpine, 
whilst the residue from the mother liquor gave only the faintest 
milkiness on adding ammonia. 

The search for jaborine in these two varieties of leaves having thus 
proved to be abortive, a specimen of jaborine was obtained from 
Merck, and examined in the following manner. The product, which 
was a light brown oil smelling strongly of chloroform, was dissolved 
in a little absolute alcohol and poured into dilute acid, when a milki- 
ng appeared and a slight scum separated. On adding ammonia, no 
pirempi^ obtained; the liquid was therefore extracted three 

^ and the ethereal extract, after washing with water, 

^ eyaj^ration a very light coloured residue, amounting to 
3 per ^^nti :^ the original substance. The aqueous liquid was 
further with chloroform, which, on evaporation, left an 
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extract like the original substance. This amorphous residue was 
converted into nitrate, and by evaporation from alcoholic solution 
gave a crystalline product mixed with a little amorphous colouring 
matter. The crystals gave no precipitate with ammonia, melted at 
142°, and on recrystallisation gave a salt melting at 148°. This 
formed a crystalline picrate from which, by recrystallisation, isopilo- 
carpine picrate melting at 161° (corr.) was isolated. 

The mother liquors from this salt gave an amorphous picrate, from 
which the base was regenerated and converted into nitrate, which 
contracted at 137° and melted at 141° This alkaloid was therefore 
pilocarpidine, containing possibly a little pilocarpine. 

. It follows therefore that jaborine is not a homogeneous substance, 
but a mixture of isopilocarpine, pilocarpidine, and possibly pilocarpine, 
and, furthermore, that no alkaloid answering the description of 
jaborine can be found in the leaves. 

It may be well at this point to offer what seems to be the correct 
explanation of the discrepancies existing between the statements of 
different chemists. When pilocarpine was first discovered, the source 
was jP. j ahorandij pilocarpine, isopilocarpine, which was 

overlooked, and pilocarpidine. Within recent years, however, 
jP. jahorcmdi has become scarce, and is not obtainable now in any 
quantity. It has been replaced by Maranham jaborandi from 
FI microphyllm, which contains no pilocarpidine. It has been 
assumed that the impurity accompanying pilocarpine nitrate was 
pilocarpidine nitrate, but in reality it was isopilocarpine nitrate. 
Petit and Polonowsky in their investigations discovered the isopilo- 
carpine, but did not find pilocarpidine, and overlooked the possibility 
that pilocarpidine, as described by Harnack and by Merck, might 
exist, although not in the alkaloids they exalnined. Similarly, 
although Merck knew and was in possession of true pilocarpidine 
nitrate, he also overlooked the possibility of the existence of a third 
alkaloid, isopilooarpine, and described it as altered pilocarpine. All 
the experimental data support this explanation. 

With regard to jaborine, although it is possible that such an alka- 
loid as described existed in F. jahormdiy it m certain that no such 
alkaloid exists in the jaborandi leaves at present obtainable, and that 
the jaborine of commerce is not a homogeneous substance, but a mix- 
ture of the three alkaloids with a little colouring matter. Further- 
more, seeing that this alkaloid was described as amorphous, and no 
detailed examination made of it, it is possible that the alkaloid 
actually examined was an impure pilocarpine, and the balance of pro- 
bability seems to be in favour of this explanation. Physiological 
experiments confirm the results of the chemical investigation with 
respect to the nature of jaborine, 

yol. lxxyil 
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V, Constitution of Pilooaepinc. 

Allusion was made in the introduction to this paper to the 
structural formula proposed by Hardy and Oalmels for pilocarpine and 
to the unsatisfactory character of the evidence on which it was based, 
I have repeated some of their experiments with quite different results, 
and therefore give the details of these and of some further preliminary 
work on this question, I wish, however, to reserve the subject of the 
constitution of the alkaloid for a future communicatl<^ 

Calmels^ formula is chiefty based on the supposed prbduii^bll %f tri- 
methylamine from pilocarpine by certain reactions ; I have beenunablA 
to obtain any evidence of the formation of this base in any of my 
experiments. Leaving the question of the nature of the isomerism 
of pilocarpine and isopilocarpine to a later date, most of the present 
experiments have been made with carefully purified isopilocarpine 
nitrate, this being the more stable of the two isomerides. 


Action of Water and Alkali on Pilocarpine, 

It has been stated that pilocarpine, on boiling with water, yields 
methyl alcohol, trimethylamine, and ^-pyridinelaotio acid. 

0*8 gram of pure pilocarpine was heated with water in a sealed tube 
at 180® for 4 hours. On opening the tube, And distilling, no trace of 
methyl alcohol or volatile alkali was found, whilst the residual liquid 
gave a quantitative jield of isopilocarpine nitrate, identified by its 
melting point, namely, 159®, ^ ^ ; ; 

Treatment ?0 per dent, po^sb solution in a jsiihilat 

gave an idmitii^l result. 

The only piquet of this action is therefore isopilooarpine. 


Distillation of the Base with Sodadime, 

Haxnack and Meyer state that trimethylamine is formed in this 
reaction. One gram of pure pilocarpine nitrate was mixed with large 
excess of soda-lime, then strongly heated in a Jena glass tube, and 
the volatile products drawn by an aspirator through two wash bottles 
containing a known quantity of normal hydrochloric acid. 

The acid was then titrated back with normal soda, and it was founu 
that 6 C.C. of acid were neutralised, the theoretical amount required 
beu^ 7*3 C.C, acid. The liquid was then made alkaline with caustic 
soda and distilled, when a distinct smell of ammonia and pyridine was 
noted. The distillate was acidified with hydrochloric acid, evapo- 
rated to dryness, and the resulting hydrochloride extracted with 
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absolute alcohol. Two portions 'were obtained, one of which was 
soluble, the other insoluble, in alcohol. 

(1.) The substance insoluble in alcohol was ammonium chloride. 
The platinum salt was made and analysed. 

0-27 gave 0*118 Pt. Pt«43‘7. 

(NH 3 ) 2 ,H 2 PtClg requires Pt==t 43*91 per cent. 

(2.) The hydrochloride soluble in alcohol. On adding auric chloride 
to the aqueous solution, a yellow precipitate was obtained which quickly 
became crystalline, and when dried melted at 185° (corr.). The salt 
was analysed with the following result : 

0*181 gave 0*0818 Au. Au = 45*2. 

CgNHQjHAuCl^ requires Au = 45*64 per cent. 

The melting point of the aurichlorides of both 2* and 3-methyl- 
pyridine is about 184°, so the bases formed are ammonia and either 
2- or 3-methylpyridine. 

Oxidation of laopilocarpine with Permangaymte, 

Hardy and Calmels state that pilocarpine, on oxidation with ‘ per- 
manganate, yields ammonia, a little methylamine, and )8-pyridine- 
tartronic acid, with traces of j^-pyridinecarboxylic acid, which was 
precipitated with copper acetate. This experiment does not prove 
the presence of a trimethylamine group in the molecule. 

4*5 grams of isopilocarpine nitrate, dissolved in a litre of water, were 
oxidised with 15*6 grams or 6 mols. of potassium permanganate dis- 
solved in a litre of water, the whole warmed on a water-bath, and left 
overnight. The manganese dioxide was filtered ofi: and washed 
thoroughly, the filtrate neutralised with hydrochloric acid, concentrated 
by evaporation, made alkaline with caustic soda, and distilled. The 
volatile bases were neutralised with hydrochloric acid, evaporated 
to dryness, and then separated by extraction with absolute alcohoL 
The larger portion was insoluble in alcohol, and proved to be ammo- 
nium chloride. The smaller portion was soluble in alcohol, and very 
hygroscopic ; the platinichloride melted on heating, and, on analysis, 
proved to be the salt of methylamine. 

0*077 gave 0*0324 Pt. Pt«» 42. 

requires Pt** 41 *3 per cent. 

The residue, after distillation, was neutralised with sulphuric acid, 
evaporated to dryness, and extracted with alcohol. The alcoholic 
extract gave no precipitate with copper acetate, auric chloride, or 
potassio-mercuric iodide. Two oils, however, have been separated 

mm2 
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from it, one of which has the properties of a lactone. These products 
are being further investigated. 

Action qf Fmed 0(iuBiic Potash m Isopilomf me, 

1 gram of pilocarpine nitrate was mixed with a little aqueous 
potash and gradually added to 10 grams of fused caustic potash in a 
Jena glass tube, arranged as described in the experiment of distilla- 
tion with soda-lime. The fused mass was very slightly discoloured. 
The volatile products, on titration, required 4 c,o. of normal hydro- 
chloric acid, This is almost the theoretical quantity for half the 
nitrogen contained in pilocarpine. The hydrochloride was evaporated 
to dryness and heated with absolute alcohol, in which part dissolved 
and part was insoluble. 

The portion insoluble in absolute alcohol was ammonium chloride. 
The platinichloride was analysed with the following result : 

0*073 gave 0*0322 Pt. Pt = 44*l. 

(NB[ 3 ) 2 ,H 2 PtClQ requires Pt = 43*9 per cent. 

The portion soluble in absolute alcohol was hygroscopic, and proved 
to be methylamine hydrochloride; it gave a fusible platinichloride, 
which was analysed with the following result : 

0*0368 gaveC)*0164Pt.Pt«41*8, 

(OHg*lSfH 2 ) 2 ,H 2 PtClg requires Pt » 41 *3 per cent. 

The fused mass was now acidified with dilute sulphuric acid and 
distilled, when a product smiling strongly <i i0butyr^^^ with a 
ttace of acetic add, Wae ohtal^t The was |%ested with 

filt€a»edf and the filtrate concen- 
wmre obtained which were slightly reduce. On 

analyds: 

0*1482 gave 0*0852 Ag. Ag = 57*4 per cent. 

The residue, after distillation, was extracted with ether ; the ethereal 
extract, on evaporation, yielded an acid having the unmistakable 
odour of isobutyric acid. The silver salt of this product was analysed 
with the following result ; 

0*017 gave 0*0098 Ag. Ag=s57*6. 

C^HgOgAg requires Ag * 55 *4 per cent. 

Althoogh the results of these analyses are high for isobutyric acid, 
yet this is probably present, with perhaps a trace of acetic acid, which 
would slightly raise the percentage of silver. The reaction is hAing 
further investigated, ^ 
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Action of Gmistic Potash on Pilocarpine and IsopUocarpine 
Methiodides, 

About 2 grams of the methiodide were dissolved in 20 per cent, 
aqueous caustic potash, and heated in a sealed tube at 180*^ for 4 
hours. The product was then distilled, the volatile bases collected, 
and the amount determined by titration with normal hydrochloric 
acid. The hydrochlorides were obtained by evaporation of the aqueous 
solution and examined. The liquid was now acidified with sulphuric 
acid and distilled, the distillate examined for volatile acids, and 
the acid liquid then extracted with ether for acids soluble in this 
medium. The liquid was afterwards made alkaline with ammonia, 
and extracted with chloroform for fixed bases. The residue was 
neutralised and evaporated to dryness, as it was intended to extract it 
with alcohol to see if any other product was formed, but the iodides 
present interfered with the operation, and it was abandoned. 

The following results were obtained : 

(1.) With pilocarpine. 

Volatile bases. The hydrochloride was entirely soluble in absolute 
alcohol and was obtained in three fractions, each fraction being con- 
verted into the platinichloride .and analysed, giving Pt==41’l, 41‘1, 
and 41*0 per cent, respectively. The base was homogeneous and was 
methylamine. No acid or other product was obtained and the final 
residue gave no precipitate with copper acetate. 

(2.) With isopilocarpine. 

Volatile bases. The hydrochloride was entirely soluble in absolute 
alcohol and the platinichloride obtained in three fractions was analysed, 
giving Ft « 41 ‘2, 41*2, and 41*4 per cent, respectively, thus proving 
the base to be methylamine. 

A trace of hydrocyanic acid was found, but no other product and 
no substance giving a precipitate with copper acetate could be isolated. 
The pyridineoarboxylic acids give a precipitate with copper acetate, and 
this reagent is generally used for separating and identifying them. 

Acetyl chloride has no action on these alkaloids, and they are 
remarkably stable towards nitric acid. Cold fuming nitric acid has 
no action on either base, but on warming, pilocarpine is converted into 
isopilocarpine, which is not attacked even by warm fuming nitric 
acid unless the action be prolonged. 

Preliminary physiological experiments on isopilocarpine, pilocarpine, 
and pilocarpidine have been made by Prof. Marshall, of University 
College, Dundee, who reports that the substances produce similar 
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effects on the secretory activity of the sweat and salivary glands, 
pilocarpine being much the most powerful* Isopilooarpine is com- 
paratively less depressant to the hearts of rabbits, but not to those of 
cats or man. The jaborine of Merck possesses a mild pilocarpine effect. 

Having finished the characterisation of this group of alkaloids and 
repeated the. work previously done on the subject, I am now engaged 
on experiments dealing with the constitution of pilocarpine, and hope 
soon to be in a position to communicate the results to the Society. 

The Wellcome OHBMioiii/ R bsearoh Labobatoribs. 


XL VIII . — Spectrograjphic Studies in Tautomerism. The 
Absorption Curves of the Ethyl Esters of Dihenzoyl- 
succinic Acid. 

By Walter Noel Hartley, F.E.S., and James J. Bobbie, M.A., D.Sc. 

Accoeding to theory, thirteen isomerides of diethyl dibenzoylsuccinate 
have a possible existence, but only three have so far been prepared and 
studied. On chemical grounds, Knorr 1896, 293, 70) regards 

one of the three as an cholic, and the other two aS ketonio esters. He 
assign® to tiie enolic or a-ester the constitutional formula, 

0 Ph( 0 H):c* 005 jm * ^ • /v 

Wi^oui deciding which of the three possible stereo-isomeric modifica- 
tions of this formula represents the substance examined by him. 
The two ketonic esters have the same constitutional but different 
stereo-isomeric formulsB. To one of them, which he designates the para- 
or j^-ester, Elnorr assigns the formula I, and to the other, which he 
designates the meso-, anti-, or y-ester, the formula 11. 

COjEt-cp-COPh COPh-C-COaEt 

OOPh-^-COgEb 0OPli-|^-CO2Et 

A mixture of the jS- and y-esters is readily obtained by adding an 
ethereal solution of iodine to the sodium derivative of ethyl benzoyl- 
acetate, obtained by the action of metallic sodium on an ethereal 
solution of the ester. Th e two ketonic esters are readily separated 
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from one another by fractional crystallisation. When either of them 
is treated with sodium methoxide, a yellow, crystalline meal, consist- 
ing of the sodium derivative of the a-ester, is obtained. The aqueous 
solution of this substance, when treated with excess of dilute sulphuric 
acid at the freezing temperature, yields the a-ester, which separates 
as a thick oil possessing the colour of chlorine gas. The yS-ester, 
which was first described by von Baeyer and Perkin (jBen, 1884, 17, 
60), melts at 128 — 130°, the y-ester at 75°, and the former is less 
soluble than the latter in most solvents. Both esters are optically 
active. The ketonic esters are neutral to litmus, and practically 
insoluble in cold dilute alkalis. In their chemical properties, they are 
exactly alike. 

The a-ester differs, both in physical and chemical properties, from 
the ketonic esters. It is an oily liquid, has a strongly acid reaction, 
and dissolves in cold dilute alkalis. It gives a characteristic dirty brown 
coloration with ferric chloride, which is not shown by the ketonic 
esters, and moreover is unstable, gradually passing into a mixture of 
the and y-esterg at the ordinary temperature, the change taking 
place quickly at 1 30° 

If the view put forward by Knorr as to the relation of the three esters 
to one another is correct, the yS- and y-esters should give very similar, 
if not identical, absorption curves, since stereo-isomerides with right- 
and left-handed rotation, so far as they have been investigated in 
essential oils and their hydrocarbons, are not found to differ either in ' 
the amount or the character of their absorption. The a-ester, on 
the other hand, having a different constitution, should exhibit a dis- 
tinct series of absorption spectra. 

We have photographed and measured the spectra of alcoholic solu- 
tions of the three substances, and the results obtained entirely bear 
out the conclusions arrived at by Knorr on purely chemical grounds. 
The spectra of the ketonic esters are identical. The amount of ab- 
sorption is considerable, all rays beyond 2796 being out off by a 
layer 26 mm* thick of a solution containing 1 milligram-mol. in 100 c.c. 
of alcohol. There is also a well max^ked band of selective absorption 
reaching from '^/X 3824 to '^jX 4306 in a layer 3 mm. thick of a solu- 
tion containing 1 milligram-mol. of the ester in 2600 c.c. of alcohol* 
This band is very persistent, and is still distinctly marked in a layer 
4 mm. thick of a solution containing only 1 milligram-mol. in 
12,500 c.c. of alcohol. 

The spectrum of the a- or enolic form is quite different from that of 
the ketonic esters. The general absorption is greater, a layer 25 mm. 
thick of a solution containing 1 milligram-mol. in 100 c.c. of alcohol 
cutting off all rays beyond ^/X 2171. The absorption band of the 
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ketonic esters is altogether absent, whilst a well marked band makes 

■■ T f 

hfl.nS«' 'ii j? 2546 and VA. 3148 This 

The !b«ri containing 1 milligram-moL in 500 c.o. of alcohol 

photo- 

from the So£ t! «! I s^ocessxve intervals of time, the transition 
to the ketonic form could be olearlv traced ^/W 

** ‘*°*’*" ' 

The result of this investigation exemplifies the value of the enee 
ehe™L ? • isomerism either to guide tL 

to^ dW^ '*°°*'‘ “ *° '’‘‘eth® the isomorisiu ie doe 

leTf? '« S. 

BOletion- ' ; ^ .***> 8®o®teUy be recovered again from the 

° »y? ■? «« toethod dtoeribed hr Enor, /ia, 

•itetdr iewilj obtained when^etoi^atti^^ ®®ae no difflcnitp, the 
fpfr® bj Euott. Two distinct n *0 all the details 

ttrif SF-r 

X'.XTtoel’alW?'” T - 

ism” (Trans., 1899 75 fiiqi ®’^*^atives m relation to tautomer- 

f<» an aelnt of tto - ■■’ “ ^ “•»» “““•“4 

cnryies* used m drawing the accompanying 
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>1 and y^Mbenaoplsueeinates, The cvarvesfor the and y-esters are identical, and are indicated by stars upon the line at points where measurements 

spectra were made. The curve of the a-ester is indicated by a. 
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Measurements. 

Ethyl /8- and y-Dihenzoylsuccinate^ ^^ 22 ^ 22 ^ 0 * 

The two series of photographs from the ^8- and y-esters are identical , 
therefore only one series of numbers is given. 


0’382 gram (1 milligram-mol.) in 100 c.c. alcohol. 


Thickness 




of layer of 
liquid in 
millimetres. 

Description of spectrum. 


K 

25 

Spectrum continuous to...... 

Very faint continuation of spectrum to 2884, 
Complete absorption beyond. 

2795 

3677 

20 

15 

Spectrum continuous to 

Complete absorption beyond. 

The same. 

2884 

3467 

10 

Spectrum continuous to 

Faint continuation of spectrum from 2884— 
2892, Complete absorption beyond. 

2884 

3467 

6 

Spectrum continuous to 

Complete absorption beyond. 

3148 

3176 


Spectrum continuous to 

Line showing very faintly at 3188. 

3148 

3176 

a 

Spectrum continuous to. 

Complete absorption beyond except lines at 
3188 and 3295. 

3148 

3176 

2 

Spectrum continuous to 

Line at 3323 very faint. Complete absorp- 
tion beyond. 

3295 

3034 

1 

Spectrum contiuuous to 

Faint line at 3355. Complete absorption 
beyond. 

3323 

3009 


0-382 gram in 600 c.c, alcohol. 


Thickness 

1 



of layer of 
liq^uid in 

Description of spectrum. 

‘M. 

A. 

uiillimetros. 




4 

Spectrum continuous to 

Complete absorption beyond. 

3356 

2080 

3 

Spectrum continuous to. 

3855 

2980 


Very faint prolongation to 

Complete absorption beyond. 

3638 

2748 

2 

Spectrum continuous to,.. 

Faint line at 3694. Lines at 4413, 4638, 

; 3638 

2748 


and 4656. 

! 


1 

Spectrum continuous to j 

Faint line at 4368. Lines at 4413, 4538,! 

3004 

8707 


and 4666. 








504 HiafLEly ijtD dobbie: absorftion curves of the 


0’S82 gram in 2600 o.o. alcohol. 


Thickness 1 

of layer of 
lifliiid in 
milfiinetres* 

Description of spectrum. 

% 

Ae 

4 

Speotrum continuous to ...i.,. 

3694 

2707 

; 3 . ■' 

FkWe transmission of strong lines 
8764 to 4530. 

Spectrum continuous t<) 

, A line faintly visible at 8824. 
Absorption bsind ..... 

3764 

3824ito4S06 

-/ ■,28eB.'--, 

2615 to 2822 

2 

Lines transmitted to 4555. 

Spectrum continuous to 

3824 

2616 


Aibsorntion band 

3824to4i246 

2615 to 2355 


Complete transmission to 

4656 

2147 

1 

Spectnim continuous to 

3886 

2673 


Absorption band 

3886 to 4119 

2578 to 2487 


Spectrum beyond ti’ansniitted (faintly 
i 4119 to 4246) to 

4666 , 

2147 




0’382 gram in 12,500 c.c. alcohol. 


Thickness 
of layer of 
liquid in 
millimetres. 

Description of* spectrum. 

% 

K. 

mm. 

4 

Spectrum. continuous to .................. 

8886 

2678 


Ab^rptioB bajud -* 

8886to4112 

2578 to 2427 

' ' ■ ' ' 

' ' ^ 

;■ ■ 2 ' , 

Spectrum continuous to 

Spectrum weak between. Va* 3886 and 
41l2> otherwise transmitted. 
Spectrum continuous. 

. 4666 
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Ethyl a-dihenzoylsuecinatei 

(1) Photographed immediately on completion of preparation. 
0’882 gram (1 milligram-moL) in 100 c.c. alcohol. 


Thickness 


1 


of layer of 
liquid in 
millimetres. 

Description of spectrum. 

'IK. 

A. 

i 

25 

Spectrum contiuaous to ' 

! Complete absorption beyond. 

2171 

4606 

20 

16 

[ Spectrum continuous to 

Complete absorption beyond. 

Blank (photograph failed). 

2246 1 

4452 

10 

Spectrum continuous to 

Complete absorption beyond. 

2278 

4389 

' 6 

4 

Spectrum continuous to 

The same, but .somewhat stronger. 

Spectrum con tinuou s to 

Faint line at 2462. 

2354 

4248 

8 

2364 

4248 

2 

Spectrum continuous to 

Very faint line at 2558. Complete 
absorption beyond, 

2462 

4061 

1 

t 

Spectrum continuous to 

Aosorption band 

Faint indications of lines from 2618 to 
Weak continuous spectrum from 3148 

to 

Complete absorption beyond. 

2546 

2546to814B 

2938 

8478 1 

8927 

8927 to 8176 
8403 

2875 


0*382 gram in 500 c.c. alcohol. 


Thickness 




of layer of 
liqjuid in 

Description of spectrum. 

Vx. 

X. 

inillimctrcs. 

.. 



4 

Spectrum continuous to.....-,...., 

Lines similar to preceding, but more strongly 

2646 

8927 


marked, additional line also at 8521. 



3 

The same, 



2 

Spectrum continuous to..... 

Lines at 3694 and 3824. 

Complete absorption beyond. 

8688 

2748 

2748 

1 

Spectrum continuous to 

Lines at 8694, 8754, 8824, 8886. 

8688 







506 HAKTIEY AND BOBBIE: ABSOBPTIOK CUEVES OF THE 


0*382 gram in 2600 cx. alcohol. 


Thickness 
of layer of 
liquid in 
millimetres. 

Description of spectrum. 


X, 

4 

Spectrum nearly continuous to 

Faint line at 3897. 

Very faint lines at 4002, 4038, 4115, 4129. 

3886 

, 2573 

3 

Very faint prolongation to 

Other lines as in preceding. 

3897- 

3963 

^ 2566 

2523 

2 

Spectrum practically continuous to 

Still weak between 8886 and 4128. 

Complete absorption beyond. 

4137 

2417 

1 

Spectrum practically complete to 

Faint lines beyond at 4806, 4321, 4368, 
4414, 4540, 4555. 

4176 

2394 


(2) Photographed 3 hours after completion of preparation. 
0*382 gram (1 milligram'mol.) in 100 o.c. alcohol. 


Thickness 
of layer of 
liquid in 
millimetres. 

Description of spectrum. 

^|K. 

A. 

25 

20 

Spectrum continuous to 

Complete absorption beyond. 

Same as above. 

2278 

4889 

15 

Spectrum continuous to 

Complete absorption beyond. 

2296 

4855 

10 

Spectrum continuous to 

Complete absorption beyond. 

2854 

4248 

5 

Spectrum continuous to 

Complete absorption beyond. 

2463 

4060 

4 

3 

Spectrum continuous to 

The same, but stronger. 

Spectrum continuous to 

Absorption band 

With lines showing faintly at 2719, 
2750, 2768, and 3345. Spectrum nearly 
complete from 2983 to 3323. 

2608 

8995 

2 

2647 

2547 to 2988 

3926 

3926 to 3852 

1 

Spectrum nearly continuous to 

Still weak in position of absorption 
band of o-ester. 

3355 

2980 
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0*382 gram in 500 c.c. alcohol. 


Thickness 



i 

of layer of 
liquid in 
nillimetres. 

Description of spectrum. 

VA. 


4 

3 

Spectrum continuous to 

The same, with lines at 3563 and 8633. 

3521 

i 2840 

2' 

Spectrum continuous to 

Very faint lines at 3748, 3820, and 3885. 

3633 

2762 

1 

Spectrum continuous to 

blit weak beyond 3633 

3885 

2594 


(3) Photographed 24 hours after preparation. 


0*382 gram (1 milligram-mol.) in lOO c.c. alcohol 


Thickness 
of layer of 
liquid in 
millimetres. 

Description of spectrum. 

Vx. 

A.. 

26 

Spectrum continuous to 

2630 

8952 


Very faint prolongation to ; 

2678 

3741 

20 

Spectrum continuous to 

Lines at 2790 and 2884. 

2768 

3612 

. 16 

The same. 



10 

Spectrum continuous to 

Lines showing faintly at 2982, 3000, 8042, 
3064. Complete absoiptiou beyond. 

2938 

3403 

6 

4 

Spectrum continuous to 

The same, with line at 3296. 

3188 

3141 

3 

Spectrum continuous to....... 

8323 

3009 

2 

>> »> 

33.56 

2980 

1 ' 

_ , >» f) 

Line at 3621. 

3486 

2868 


0*382 gram iu 500 c.c. alcohol. 


Thickness 
of layer of 
liquid in 
millimotvos. 

Description of spectrum. 


A. 

4 

Spectrum continuous to 

3621 

2840 

3 

2 



Line at 3638. 

The same, with lines at 3707, 3748, and 
3824. 

3663 

2806 

1 

Spectrum continuous to 

With lines at 3676, 8748, 8824, 8886. 

3688 

2748 
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(4) Photographed 48 hours after preparation. 

0*382 gram (1 milligram-mol.) in 100 c.c. alcohol. 


Thickness 
of layer of 
liquid in 
millimetres. 

Description of spectrum. 

’A- 

X. 

25 

20 

15 

10 

5 

Spectrnnn enntinuous to.. 

2501 

3998 


2796 

8576 

__ « 

The same. 

Spectrum continuous to. ; 

8064 

8179 

3263 

3145 

4 

»» >> 

3310 

3021 

3 

I> 99 1 

3823 

8009 

2 

9 9 9 9 - • * * 

3855 

2980 

1 

9 ) t9 

3390 

2949 

i 

9 9 9 9 * * * * *•.♦.41 


0*382 gram in 500 c.c. alcohol. 


Thickness 
of layer of 
liquid in 
millimetres. 

Description of spectrum. 


A. 

4 

Spectrum continuous to 

3521 ; 

2840 

3 

3f ' 9) 

! 8638 

2748 

2 

99 99 ^ 

3688 

2748 


(6) Photographed 3 weeks after preparation. 

0*382 gram (1 milligram-mol.) in 100 c.c. alcohol. 


Thickness 
of layer of 
liquid in 
millimetres. 

Description of spectrum. 

VA. 

A 

25 

Spectrum continuous to 

2884 

3467 

8263 

8176 

8146 

.8145 

8009 

2980 

2980 

20 

Lhn^s beyond to 2982. 

Spectrum continuous to 

3064 

15 

10 

5 

The same. 

Spectrum continuous to 

3148 

3179 

3179 

3823 

. . ^ :■ ■ 


■■ ^ 

I Faint prolongation to 3328. 

Speetrum continuous to... 


II , 1 »■•«* f • f *» i * t ■ 

3365 

1 ' ■■ 

-99 ff 

8355 


Fahat prolongation to 8455. 




BENZ^iVr/ALDOXIME AND BEN^FiVALDOXIME. 


509 


0’382 gram in 500 e.c. alcohol. 


Thickness 
of layer of 
liquid in 
millimetres. 

Description of spectrum. 

Vx. 

A. 

4 

Spectrum continuous to 

3621 

2840 

3 

The same. 



2 

Spectmm continuous to 

3638 

2748 

1 

>» >> 

3886 

2573 


Our best thanks are due to Prof. Knorr for kindly assisting us 
in overcoming certain difficulties which we met with in the preparation 
of the a-ester and to Mr. R. D. Abell, B.Sc., 1851 Exhibition Scholar, 
of the U niversiby College of ITorth Wales, Bangor, for assistance in 
the general work of the research. 

The expenses connected with the preparation of the substances 
required for this investigation were defrayed by a grant from the 
Government Research Fund of the Royal Society. 

Royal College op Soienob, 

Dublin. 


XLIX . — The Curves of the Molecular Vibrations of 
Benzw.t\aldoxime and Benz^yioaldoxime. 

By Walter Noel Hartley, F.R.S., and James J. Bobbie, D.Sc., M.A. 

Benzani^taldoxime and benz^yrialdoxime are now genei*ally repre- 
sented by the following formulae : 

CaHfi.C.H 

OH-N N-OH 

BenmwMdoxxme. Benzsyiwtldoxirae. 

If these formula correctly represent the constitution of the two forms 
of benzaldoxime and their relation to one another, we should expect 
both compounds, as stereo-isomerides, to exhibit the same character 
and amount of absorption. As a matter of fact, we have found that 
the curves of the molecular vibrations of the two substances in 
ethereal solution are identical. A layer 25 mm. thick of a solution 
of either form of the aldoxime containing 1 milligram-mol. dissolved in 
100 c,c. of absolute ether, absorbs all rays to ^/\ 3323 (X 3009). A 
vox-, l-XXVK. N K; 
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OseilliUion frequencies. 
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layer 1 mm. thick of a solution containing 1 milligram-mol. in 
600 c.c. of ether transmits all rays to 3638 (A 2748), and shows an 
absorption band reaching from ^/X 3638 (A 2748) to ^A 4321 (A 2314), 
This band is still distinctly traceable in a layer 1 mm. thick of a 
solution containing 1 milligram-mol. in 2600 c.o. of ether. 

The benzaldoximes used in the experiments were prepared by the 
method given by Beckmann (J5sn, 1890, 23, 1684). The henzanti^ 
aldoxime at 10 and 14 mm, pressure respectively was found to have 
the boiling point given by Luxmoore (Trans., 1896, 69, 177) for those 
pressures. The benzsj^waldoxime was photographed immediately after 
preparation. It was afterwards recovered from the ethereal solu- 
tion and the melting point redetermined, when it was found that 
no decomposition had occurred while the photographs were being 
taken. " 

These results, which are shown in the curve on p. 610, confirm the 
conclusion previously arrived at, that stereo-isomerides, unlike isomer- 
ides which differ in structure, give identical absorption spectra, 

Mbasuebments. 


SenzmtialdixiGme : SenzsymMoxhne, 

0*121 gram (1 milligram-mol.) in 100 c,c. ether. 


TMckness 
of layer of 
solution in 
millimetres. 

Description of spectrum. 

Vx. 


25 

Spectrum continuous to 

3323 

3009 

20 

1 Complete absorption beyond. 

Spectrum continuous to 

3354 

2981 

15 

10 

6 

Complete absorption beyond. 

The same. 

The same. 

Spectrum continuous to.,.. 

3363 

2973 

4 

Complete abso^tion beyond. 

Spectrum continuous to. 

8374 

2963 

3 

2 

Complete absorption beyond. 

The same. 

Spectrum continuous to 

3885 

2954 

1 

Complete absorption beyond. 

Spectrum same as above. 

Very faint indication of lines at S471 

and 3491. 
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0'121 gram in 500 c.e. ether. 


Thickness 
of layer of 
solution in 
millimetres. 

Description of spectrxim. 


X. 

4 

Spectrum contimioua to 

Complete absorption beyond. 

8668 

2802 

3 j 

Spectrum continuous to 

Line at 3638. 

3668 

. 2802 

2 

Spectrum continuous to 

Line at ^^17* Complete absorp- 

tion beyond. 

8638 

2748 

1 

Spectrum continuous to 

Ansorption band 

Strong lines of spectrum from ^l\ 
432l-~4530. 

■ 

3638 

3638 to 4821 

2748 

2748-2314 


0*121 gram in 2600 c.c, ether. 


Thickness 
of layer of 
solution in 
millimetres. 

Description of spectrum. 

Va. 

A. 

4 

Spectrum continuous to 

8694 

2707 

2707-2822 

. 2616 
2&15-2SS4 

2678 

2673-2430 

3 

Absorption band 

Strong lines of spectniro, Va 4806— 
4642. 

Spectrum continuous to 

8694to4S06 

3824 

2 

Absorption band 

Strong lines of spectrum, 4248— 

4655. 

Spectrum continuous to 

8824 to 4243 

8886 

1 

1 

Aosorption band 

Weak spectrum beyond 4116—4565, 
Spectrum almost continuous, but weak 
in position of absorption band, i.e.,\ 
Va 3902-4116. 

8886 to 4116 


We have to express our thanks to Mr. R. S. Finlow, B.Sc., of the 
University College of IsTorth Wales, Bangor, for his assistance in pre- 
paring the substances referred to in this paper, and in photographing 
their spectra. 
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BUNSEN MEMORIAL LECTURE. 

(DEUTmuo ON Maeoh 29th, 1900). 

By Sir Henry Rosooe, B. A., Ph.D., D.C.L., LL.I)., D.Sc., F.B.S., Hon. 
M.D. (Heidelberg), Corresponding Member of the French Academy 
of Science, Emeritus Professor of Chemistry in Victoria XJniversity, 
Vice-Chancellor of the XJniversity of London. 

The death of Bunsen at Heidelberg on August 16th, 1899, severs 
the last link connecting the chemists of our time with the great men 
of the earlier part of the century. With Berzelius, of whom Bunsen 
writes as ** my truest friend and counsellor who, during the whole of 
my scientific life, has stood to me in intimate personal relationship;* 
with Gay-Lussac, in whose laboratory in Paris he worked in the year 
1833; with Dumas, whose acquaintance and friendship he enjoyed 
when they both were young ; with Liebig and Wbhler, who were more 
nearly his contemporaries, and for whom throughout their lives he 
entertained the warmest feelings of affectionate regard ; with the 
Berlin chemists Mitscherlioh and the two Eoses, as well as with the 
older physicists Dove, Wilhelm Weber, and Magnus, all of whom he 
counted among his personal friends. J f ' 

Moreover, living to the' ripe age of 88; he was destined to witness 
the deaths as weU as the sddntific births of many distinguished 
colleagues and pupils : of Kirchhoff, Helmholtz, Eojyp, and Hofmann ; 
of Strecker, Kolbe, Kekul4,. Pebal, Lothar t Meyer, and, lastly, of his 
successor in the Chair of Chemistry at Heidelberg, Victor Meyer. 
So that, in his later years, Bunsen stood alone in his glory, like some 
strong oak in the forest which still holds firm root unmoved by the 
tempests which have smitten down both old and young around it. 

Nearly twenty years ago I gave, in the columns of Nalmre^ a 
sketch of the scientific work of him whose memory we are here 
assembled to honour, as being not merely one of the most distinguished 
of the great chemists of the century, but one of the truest and noblest 
of men. In introducing the subject to the readers of that journal, I 
used the following words, which I make no apology for quoting, as I 
cannot find more appropriate expressions wherewith to commence the 
more detailed account of the life and labours of Bunsen in the 


* Berzelius, on his side, fully appreciated Bunsen’s character and abilities. In 
184:i he writes to SchSnbein of the latter’s ozone experiments : “ You must 

devote all your time to this so important investigation, you must follow it up with 
the true perseverance of a Bunsen, and if possible not abandon it until we are 
perfectly clear about it.” (KMhmm Brief wechsel^ Berzelius-Schbnhein, 1S98, 


p.eo). 
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Memorial Lecture, with the preparation of which the Council of the 
Chemical Society has honoured me. 

The value of a life devoted to original scientific work is measured 
by the new paths and new fields which such work opens out* In this 
respect, the labours of Robert Wilhelm Bunsen stand second to those 
of no chemist of his time. Outwardly, the existence of such a man, 
attached, as Bunsen has been from the first, exclusively to his science, 
seems to glide silently on without causes for excitement or stirring 
incident. His inward Hfe, however, is on the contrary full of interests 
and of incidents of even a striking and exciting kind. The discovery 
of a fact which overthrows or remodels our ideas on a whole branch 
of science ; the experimental proof of a general law hitherto unrecog- 
nised; the employment of a new and happy combination of known 
facts to effect an invention of general applicability and utility ; these 
are the peaceful victories of the man of science which may well be 
thought to outweigh the high-sounding achievements of the more 
public professions.^’ 

Owing to the fact, not common in the annals of scientific inter- 
course, that I have enjoyed the privilege for nearly half a century 
of counting Bunsen amongst my most intimate friends, that we have 
stood in the position first of pupil and master, and afterwards of 
colleagues and co-workers, I am in the fortunate position of being 
able to present to you on this occasion something more than a 
description of the scientific work which he accomplished, the 
record of which any one who car^ to do so can gather up from his 
publisheid memQirs. From my persona] recollections, I propose to 
lay before yop a picture, doubtless imperfectly, but so far as my 
abilities go, truly dmwn, of the man working in his laboratory, 
lecturing to his students, and enjoying simple but refined social 
intercourse with his friends. I shall hope to give you an idea 
what manner of man he was, what was his moral, as well as his 
scientific, character, to point out why he was not only venerated as 
a great leader and teacher, but why he inspired all with whom he 
came in contact with feelings of deep attachment and regard, 

But first let me shortly mention some few particulars of his life, and 
give you a summary of his most important investigations. Bunsen was 
, born at Gottingen on March 31,1811. His father, Christian Bunsen,^ 
Occupied the position of chief University Librarian and Professor of 
Modem Philology, After passing through the usual course in the 
gymi^ium at Holzminden in Hanover, Bunsen entered the 
in 1828, studied chemistry under Stromeyer (the dis- 
45*0^5^^ of ; 0 adpaium), obtained his degree in 1830, presenting for this 
^ having the title ‘^ Enumeratio et descriptio hygro- 

’ m^ofum^ He then visited Paris ; arriving there at the latter end of 
* Born at Erankfort on April 1, 1770 ; died March 24, 1837. 
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September 1832, he remained until the spring of 1833, meeting Beiset, 
Regnault, Relouze, and Despretz. The latter proposed to Bunsen to 
work in common at some problem in physical chemistry. Subsequently 
having visited Berlin and. Yienna, continuing his studies and making 
acquaintance with the scientific men of those cities, Bunsen returned 
to Gottingen, where, in 1834:, he was admitted by the University as 
Privatdozent in chemistry. In this position he lectured for three 
semesters, and after Stromeyer’s death in 1836, Bunsen temporarily 
took up his work and lectured six days a week on theoretical 
and practical chemistry. In January 1836, he was appointed 
teacher of chemistry in the Polytechnic School of Cassel as 
Wohler’s successor. In October 1839, he became Professor Extra- 
ordinarius of Chemistry in the University of Marburg, and in 1842 
was advanced to the position of Professor Ordinarius. Remaining 
here until 1861, he went for a short period to Breslau, and in 1852 
accepted the chair at Heidelberg, vacated by Gmelin, a post which he 
occupied until his retirement in 1889. In these several positions, 
Bunsen laboured incessantly and devotedly for 66 years in the 
furtherance of chemical science, with the result that his name will 
be handed down to posterity as one whose work has earned for him 
the very first rank amongst chemists of the nineteenth century. 

On the present occasion, it is not possible to do more than to 
indicate the nature and extent of Bunsen's work, so numerous are his 
published investigations, and so wide and far reaching their scope. 
To bring before you the general effect of the work, and to give you 
by some examples the special characteristics of that work, is all 
that can be now attempted. And for these objects I propose to 
treat the matter rather by classifying his work under separate heads 
of subjects, than by taking it in the chronological order of publication. 

But before commencing a review of some of his most important 
researches, it may be well briefly to refer to the early work by which 
he won his scientific spurs. The first paper was one of general interest, 
as recording his discovery that freshly precipitated hydrated ferric 
oxide acts as a powerful antidote to arsenical poisoning by rendering 
the arsenic insoluble both in water and in the secretions of the body. 
This result of the withdrawal of the whole of the arsenic from 
solution by this means forms a striking lecture experiment (/owm, 
de Pharm,, 1834, 20, 667 ; 1838, 24, 93). 

His next communication shows the interest which, in those early 
days, Bunsen took in mineralogy and chemical geology, subjects in 
which he, in after life, became a distinguished exponent. It consisted 
of an exact analysis and a detailed description of a specimen of 
allophane from a lignite bed near Bonn {Pogg» Arm.^ 1834, 31, 63), 

0 0 2 
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A more specially chemical subjecfc next engaged his attention, namely, 
an investigation of a new series of double cyanides, in which he not 
only determined their composition with exactitude but showed the 
relationships existing between these and other well known members 
of the same class of bodies. He measured their crystalline form, and 
proved that ammonium ferrocyanide is iaomorphous with the corre- 
sponding potassium salt {Fogg, Ann., 1835, 34, 131 ; 1836, 86, 404 ; 
1836, 38, 208.) 

All this work was, however, merely of the nature of what he was 
in the habit of calling <^ein kl einer Vorversuch when he was 
indicating the manner in which a pupil should commence an 
investigation. 

The first research in which Bunsen showed his power was the 
classical one on the cacodyl compounds — begun in Oassel in 1837, 
and continued in Marburg for no less than six years. The publica- 
tion of this work placed Bunsen at once in the front rank of 
experimentalists . 

To assist, in forming an estimate of the scientific value of these 
researches Ann,, 1837, 40, 219 ; 1837, 42, 146 ; Annalm, 1841, 
37, 1 ; 1842, 42, 14 ; 1843, 46, 1), it may be well to summon to 
our aid the opinion of a contemporary whom Bunsen himself, as we 
have seen, considered as a master, both from a philosophical and from 
an experimental point of view, the great Swedish chemist, Berzelius^ 

Those who have studied his celebrated Jahreaherioki will know 
that Berzelius was unsparing in his eritipism of inaccurate work and 
of illogical conclusions, The more valuable, therefore, and reliable 
are his remarks when favourable to the subject under Wiew. 

In 1839 {Jakresher., 1839, 18, 487), Berzelius writes; ‘‘An 
extremely important discovery has been made by Bunsen, in the 
investigation of the well known fuming, self-inflammable liquid 
(Cadet's fuming arsenical liquid) obtained when anhydrous acetate 
of potash is distilled with arsenious acid. From this body, Bunsen 
has prepared several substances whose properties resemble those 
of an organic compound, in which, however, arsenic enters as an 
elementary constituent." 

Of the importance of this' research as affecting chemical theory, 
Berzelius reports {Jahreaher., 1841,20, 626): “In the last German 
^tion of my handbook, I gave what I -considered the probable 
'iheor^ical views regarding this substance, namely, that it contains the 
MBois^ofqnd radicle C 4 H 12 AS 2 , similar to the radicles contained ih 
bodies, for which I have suggested to Bunsen the name 
tn consequence .of the nauseous smell of its compounds* 
With regard to this name, Bunsen writes me as follows ; ‘The view 
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of the existence of a ternary radicle Kd = C 4 Hi 2 As 2 agrees so per- 
fectly with the behaviour of the whole alkarsin group that it would 
be scarcely possible to find a more striking example of a compound 
radicle. Alkarsin is kakodyl oxide, Kd ; it can be directly oxidised 
and deoxidised. Aikargen is kakodylic acid, Kd.^ ” 

In a further notice (Jahresher., 1842, 21, 503), Berzelius writes : 

By this investigation Bunsen has made his name memorable, 
Chemical science is bound to acknowledge its debt to him for the 
investigation of a subject at once so important and so dangerous — an 
investigation of which it may well be said that it leaves little to be 
desired.'* Again he reports {Xahresher,, 1845, 24, 640) : Bunsen 
has now concluded his investigation on kakodyl. Through the private 
communications with which the author has favoured me, I have been 
able each year to give an account of the experiments as they pro- 
gressed, The research is a foundation stone of the theory of com- 
pound radicles of which kakodyl is the only one the properties of 
which in every particular correspond with those of the simple 
radicles." And he concludes his criticism with a paragraph referring 
once more to the importance of this tedious and difficult research. 

To quote another opinion, that of one of the leaders of modern 
chemical science, to place side by side with that of the great Swede, 
I would refer to that expressed by Adolf von Baeyer in his editorial 
remarks in the reprint of Bunsen's work in Ostwald's collection of 
scientific classics. These researches have long been considered 
classical and they deserve such praise, particularly as pieces of model 
investigation demonstrating how the most difficult problems of ex- 
perimental chemistry can be solved by a master's hand.” 

Amongst the many remarkable new facts which these researches 
contain is that of the non-poisonous properties of cacodylic acid, 
although it contains no less than 54 per cent, of soluble arsenic. 

A solution of 8 grains of cacodylic acid injected into the vena 
mgtdcme of a rabbit produced no deleterious result on the health of 
theanimaL" 

It is also of interest to read Bunsen's description of the properties 
of cacodyl cyanide, by the explosion of which he lost the sight of his 
right eye, was nearly poisoned, lying for days between life and death, 
but the investigation of which he nevertheless brought to a satis- 
factory conclusion. It is obtained when cacodyl oxide is distilled 
with mercury cyanide, when it sublimes to a camphor-like solid ; it 
melts at 82*5° to an oily liquid. The smell of this body produces 
instantaneous tingling of the hands and feet, and even giddiness and 
insensibility. The cacodyl compounds appear to exert a specific 
action on the nervous system. Ifc is remarkable that when one is 
exposed to the smell of these compounds the tongue becomes covered 
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with a black coating, even when no further evil effects are notice- 
able.’’ 

Eespecting the constitution of the radicle of the cacodyl compounds, 
various theories have from time to time been put forward. Bunsen 
himself did not give any opinion on the point, and it was Kolbe who 
first suggested the view that it was arsine-dimethyl, As(CH 8 ) 2 , whilst 
the experiments of Frankland, and subsequently those of Cahours 
and Riche, rendered this probable. It is, however, to the researches of 
Adolf von Baeyer (Annalerii 1853, 107, 257), on the arsenmonomethyl 
compounds that we owe the full explanation of the relation which 
these various bodies bear to one another. 

The cacodyl research claims our interest, not only because, as we 
have seen, it furnishes us with the first example of an isolable radicle, 
but also because it assisted Rrankland and Kekuld in more exactly 
illustrating the term chemical valency.” For it is not too much to 
say that the subsequent researches of Frankland on the organo-metallic 
bodies, and on the so-called alcohol radicles, as well as those of the 
French chemists, and, I may add, those of Baeyer, received their first 
impulse from the cacodyl investigation. This indebtedness was 
acknowledged by our late lamented Fellow in the graceful and modest 
words which appear in the dedication of the volume of his collected 
researches. 

my friend and teacher, Robert William Bunsen, whose 
researches on cacodyl, on the gases of the iron furnaces, and on the 
volcanic phenomena of Iceland, I have always regarded as models of 
investigation in pure, applied, and physical chemistry, I dedicate 
these pages both as a testimony of my regard, and in gratitude for 
the teaching whereby he imbued me with the necessity for thorQ\:®h- 
ness and accuracy in all scientific work. Would that they were more 
worthy of such a high standard.” 

Thus it is seen that although this remarkable research is the only 
one of any importance which was carried out by Bnnsen in the domain 
of organic chemistry, it was destined to exert such an influence on the 
later developments of that branch of the science, that he may with 
truth be regarded as one of the pioneers of modern organic chemistry* 

I now pass to an investigation of a different type, but one not less 
important or interesting than the last. 

; IJp to the year 1838, when Bunsen began his investigation of the 
of the gases of the iron furnaces, the mode of measuring 
ga^us volumes and the methods adopted for the separation of the 
gases was faulty and inaccurate in the extreme. But during. 

he above year and 1845, Bunsen had not 
ids well-;^nown gasometric methods^ but 
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had applied these methods with signal success to the investigation of 
the chemical changes which occur in the processes of a most important 
industry, that of the production of cast-iron in the blast furnace. 

The first detailed description of Bunsen^s gasometric methods was 
published in pamphlet form by Kolbe, who was at the time one of 
Bunsen^s assistants. To the English public, these methods became 
known by a communication made to the meeting of the British 
Association at Cambridge in 1845 by E. W. Bunsen and Lyon 
Playfair, entitled On the Gases evolved from Iron Purnaces with 
reference to the Smelting of Iron,” Before entering upon the 
technical side of the question, the authors give experimental proofs 
concerning the accuracy and reliability of the methods employed for 
the measurement and the separation of the blast furnace gases. One 
of these consisted in the analyses of a large number of samples of air. 
These were collected and analysed in Marburg, and gave analytical 
results upon which Bunsen reports as follows; — ‘‘‘The close agreement 
of these experiments with one another, and with the result obtained 
by the careful experimental determination of the composition of air 
by Dumas, proves that the eudiometric examination of gases admits 
of a degree of exactness which is certainly not surpassed by the most 
minute chemical methods, and they further show that the presence of 
nitrogen does not exert any disturbing influence on the estimation of 
explosive mixtures of gases.” 

The report, printed in full in the British Association volume for 
1846, next proceeds to discuss the experiments made by Bunsen on 
the composition of the gases evolved in the process of iron smelting in 
furnaces fed with charcoal and using cold blast at Vickerhagen, in 
Germany. From these, it appeared that in such furnaces nearly half 
the heat of the fuel consumed was evolved in the escaping gases. 

The importance of these investigations, as being the first attempt 
to introduce accurate scientific inquiry into so widespread an industry 
as that of iron smelting, was at once appreciated by Lyon Playfair, 
who had made Bunsen’s acquaintance at Marburg. In consequence, 
at Playfair’s suggestion, Bunsen consented to visit England, and 
undertook to carry out a similar set of experiments for the English 
furnaioes fed with coke and coal, and worked both by hot and by cold 
blast, to those which he had previously made in Germany, Thus was 
initiated a research which may be truly said to be a model of the 
application of the methods of scientific investigation to the elucida* 
dion of industrial problems. For not only did it clearly reveal the 
nature of the chemical changes which take place throughout the 
furnace, but pointed out the direction in which economies, to an 
undreamt-of extent, might he effected in the processes as then carried 
on; Thus it proved that whilst about half the fuel was lost as escaping 
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gas in the German furnaces, no less than 81*5 per cent, was lost in 
English ones, and, what was important from the industrial point of 
view, it pointed out that the whole of the heat thus allowed to escape 
might, without difficulty, be utilised for the various purposes of the 
works. These suggestions were only slowly adopted by the iron- 
masters ; six years elapsed before any steps in the direction indicated 
were taken, but gradually the importance of the proposal was appre- 
ciated, and now and for many years past the whole of the hitherto 
wasted heat has been utilised, and economies effected of which the 
value may be reckoned by millions rather than by thousands of 
pounds. 

Not only is it the lost heat which has been recovered, but also valu- 
able bye-products, the existence of which had been, up to that time, 
entirely ignored. The report points out the loss of combined nitrogen 
— both as ammonia and cyanogen — which the process as then carried 
out evolves, the upper part of the furnace being, in the words of 
the report, a region of distillation and not of combustion.^' The 
amount of loss of these valuable materials was ascertained by accurate 
analysis, and a method for recovering them suggested, without 
increasing the cost of manufacture or in the slightest degree affecting 
the process of smelting.^' 2 propos of the determination of the 
escaping cyanogen compounds, the occurrence of a singular accident 
to Bunsen, as related by Playfair, is found in the admirable life 
lately written by Wemyss Eeii Bunsen was engaged below/' at 
the blast furnaces at Alfreton, in Derbyshire, << and I above, passing 
the gases through water to collect any soluble products, when I was 
alarmed by being told that my friend had become suddenly ill. I ran 
down and saw white fumes coming out of a lateral tube, and Bunsen 
apparontly recovering from a fainting condition. I applied mj nom 
to the orifice and smelt the vapour of cyanide of potassium) which 
gave an entirely new light to the processes of the furnace." 


In 1857, Bunsen collected in a volume— the only book he ever 
published — the whole of his gasometric researches, and of this a 
second and greatly enlarged edition appeared in 1877 (“Gasometric 
Methods," by B. W. Bunsen, translated by H. E. Eoscoe, 1857). No 
better or more complete method of learning what Bunsen's work is 
like can betaken than that of reading this volume. For originality 
^ con<^ption, for success in overcoming difficulties, for ingenuity in 
fie wn^ruction of apparatus, and for accurate work, I believe the 
a record of experiment, to be unequalled, 

^ description of his various processes for 
g, and measuring gases, different methods being 
it of these according to the source from which the 
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gases are obtained, whether, as has been described, from blast furnaces, 
or fromfumeroles, from volcanic vents, or when freely rising from mineral 
springs, or whether the gases are contained in solution in river- or spring- 
water. In the second part, we find a full description of the methods of 
eudiometric analysis, giving details of manipulation, with a discussion 
in each case of the probable sources of error and of the means of their 
limitation. Asa model of accurate work (his ojcygen determinations in 
air showed differences of 0*1 per cent, on the oxygen), Bunsen's eudio- 
metric methods will always remain as the standard. More expeditious 
and simpler methods have been introduced of late years, but none of 
these equals the original processes in exactitude. 

The third portion of the volume consists of a description of two 
new methods for determining the specific gravity of gases. The first 
of these, which also applies to the case of vapours, consists in weighing 
a tared vessel, filled first with the gas or vapour under examination 
and then with air, all variations due to change of temperature and 
pressure being eliminated by a simple and ingenious compensating 
arrangement. Perhaps the most interesting portion of this section is 
a description of a new thermostat, by means of which perfectly 
constant temperatures up to a high point can be obtained. This 
served Bunsen for ascertaining the specific gravity of aqueous vapour 
at different temperatures, and closely accordant numbers were obtained, 
although the weight of vapour amounted to only 80 mgm* The 
second method, applicable only to gases, depends on the determination 
of the rates of diffusion of the gases into air. Here, too, the volume 
of gas operated upon need not exceed 60 — 60 c.c., and yet the results 
obtained are extremely accurate. On this point, Bunsen remarks that 
for technical purposes, as, for example, for the determination of the 
density of coal-gas, the above simple method will probably be found 
preferable to all other processes. 

The fourth part contains a series of investigations on the ab- 
sorptiometric phenomena of gases in water and alcohol, the experi- 
ments having been chiefiy undertaken with a view of determining 
the limits to which the well-known laws of pressure hold good. 
First he describes his absorptiometer, a new instrument by means 
of which it is possible to obtain accurate numbers with relatively 
small volumes of the gases. The absorption-coeflGlcients of no fewer 
than 27 different gases in water and alcohol were determined by 
methods varying according to the nature of the ease, partly carried 
out by himself and partly by many of his pupils, the result 
being that certain gases, generally those least soluble in water, 
are found to be in accord with Dalton's law of pressures and 
Dalton and Henry's law of partial pressures, whereas the more 
soluble gases are not always in accord with them. In the former 
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it is possible, from an experimental determination^ of the 
coefficient of absorption, to calculate the composition of the original gas, 
the composition derived from an absorptiometric analysis being found to 
agree exactly with that obtained by direct eudiometric measurements. 
It Is also possible to ascertain whether a given gas consists of a 
single substance or is a mixture of several. Thus whilst eudiometric 
analysis cannot decide whether the gas evolved by the action of 
caustic niv-n on an acetate is methane or a mixture of equal volumes 
of ethane and hydrogen, this -can readily be accomplished by absorptio- 
metric methods* 

In the fifth part of the volume he discusses the phenomena of 
gaseous diffusion, and, although admitting the truth of Graham’s law 
for cases of pure diffusion, he obtained results, when a stucco diaphragm 
of considerable thickness is used, which are not in accord with this 
law, the conclusion being that the pores of gypsum act upon gases, 
not as a series of fine openings, but rather as a series of capillary 
tubes, the phenomena being thus modified by those of transpiration* 
At the end of this chapter, he describes the details of a method 
for ascertaining, by diffusion, whether a given gas is a mixture 
or not. 

The sixth and last section relates to the combustion phenomena of 
gases. The temperature of combustion, that is, the temperature of 
the interior of a mixture of burning gases, can be calculated from the 
heat of combustion of the gaseous mixture and the specific heats of 
the products of combustion under the assumption that the com- 
bustion at this high temperature is perfect. This condition, however, 
is not fulfilled, and Bunsen therefore endeavoured to determioe this 
temperature by another means, 3aamely, by measuring the pre^ 
sure produced at the moment of explosion of an enclosed gaseous 
mixture. 

For this purpose, he constructed a wonderfully simple apparatus, by 
means of which he ascertained that the maximum temperature of 
combustion of carbon monoxide and of hydrogen with the theoretical 
volume of oxygen was respectively 3033° and 2844° He likewise 
attempted to determine the rate at which the explosion is propagated 
and came to the conclusion that for hydrogen and oxygen this was 
34 metres per^ second. Subsequent experiments, especially those of 
Bixon [PhiL Trcms,, 1893, 184, 97) have shown that this rate referred 


^y to the initial period of the combination before the explosion 
. *^v#"had attained its maximum velocity, this latter amounting in 
of hydrogen and oxygen to the high number of nearly 3000 
^l^l^il^rsecond, the rate in other gases being of the same order 
ignition appearing bo be propagated in some-- 
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One of the best known of Bunsen’s discoveries is that of the carbon^ 
zinc battery, which bears his name. 

The construction of this battery in 1841 {Armcklm^ 1841, 38, 
311) marks an era in the economic production of electricity, By 
the replacement of carbon for the platinum plates of Grove, Bunsen 
not only greatly reduced the initial cost, but increased the length 
of time during which the current can be maintained at its 
maximum. The success of the invention depends upon a method 
he devised for overcoming the disintegrating action on the carbon of 
concentrated nitric acid. This he effected by strongly igniting the 
cylinders, thus foreshadowing the process adopted on a large scale 
for graphitising the carbon poles now so generally used for electro- 
industrial purposes by ignition in the electric furnace. It is interest- 
ing to remember that it was Bunsen who, so early as 1843, pointed 
out that the electric current could be made use of as a means of 
illumination. He describes how, by using a battery of 44 of his 
elements, a light equal in illuminating power to 1171*3 candles can be 
obtained for an expenditure of 1 lb, of zinc per hour, and giving a 
light the brilliancy of which the eye can scarcely support.” 
He adds that by enclosing the carbon poles in a globe of glass, the 
wear of carbons by oxidation might be minimised. In short, he 
describes the first step towards the modern system of arc lighting 
rendered generally applicable on the large scale by the discovery of 
the dynamo. In his first communication respecting this battery, 
Bunsen gave a careful estimate of the work which it can accomplish. 
He showed that three cells will, in 30 minutes, decompose 0*6775 gram 
of water yielding 1137 c.c, of mixed gas measured at 0®and 760 mm* 
The corresponding loss of zinc in each cell was then determined, the 
result showing that the same weight was dissolved in each, and that 
the weights thus found correspond closely with the zinc equivalent 
for the above amount of water decomposed. A few years later, in 
1848, he determined the electro-chemical equivalents for zinc and 
water. For the first of these, he obtained the value 0*033, and for the 
latter 0*00927 ; in other words, in order to decompose 1 mgm. of 
water per second, a current of the absolute intensity of 106*33 is 
necessary. These experiments confirm Faraday’s law, showing that 
the quantity of water decomposed is proportional to the quantity of 
oiroulating electricity, and that the nature of the poles, as well as the 
conducting power of the liquids decomposed, exert no influence on the 
result. 

We owe to Wilhelm Weber the first determination of the scientific 
units for electrical measurements, and in 1840 he obtained the 
number 0*009376 for the electrochemical equivalent of water with 
l^is’ unit-cv^p:e;^t, di^pulties whicji surround the subjeot are : 
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(1) tho measurement of the current, and (2) the absorption of the 
decomposed gases hj water and electrodes, and (3) the production of 
ozone. Bunsen improved the voltameter by evolving the mixed gases 
from hot acidified water by which the second and third of these difldcul- 
ties were overcome. At present, voltameters depositing copper or silver 
are employed, and the ampere, which is now our practical unit, is one- 
tenth of that used by Weber and Bunsen, so that the electrochemical 
equivalent of water is 0-0009315 gram, meaning that one amp^e 
decomposes that amount of water in one second. 

This, however, was only the beginning of the work which the 
Bunsen battery was destined to perform. It was not until 1862, 
when in Breslau, that Bunsen turned his attention to using the 
battery for the electrolytic preparation of metals, some of which 
had not then been obtained in a coherent condition, and others 
had only been prepared in such minute quantities that their 
physical and chemical properties could not be properly studied. The 
first of these metals he attacked was magnesium (Annalen, 1852, 82, 
137), the reduction of which had vainly been attempted by Davy, and 
only with very partial success by Bussy in 1830. The difliculty which 
had hitherto stood in the way, was the fact that the globules of molten 
magnesium are lighter than the fused magnesium chloride used as the 
electrolyte, and that on their formation they rise to the surface and 
bum. To avoid this, Bunsen adopted the ingenious plan of cutting 
the carbon pole, on winch the metal forms, into pockets, inside which 
the magnesium is deposited, and from which the molten globule cannot 
escape. By means of the tangent galvanometer, Bunsen measured 
in absolute units the electricity employed, finding that the quantity of 
magnesium reduced is 2*45 grams, whilst the theoretical yield of m^l 
is 4-096 grams. Having obtained the metal in some quantity, he 
determined its physical and chemical properties, showed how it could 
be pressed out into wire, and measured the luminous intensity of the 
burning metal. This he found to be 500 times that of a candle flame. 

Some seven years later, he and I measured the actinic value of the 
light emitted by burning magnesium, and showed that it could be used 
for photographic purposes. We found that a burning surface of mag- 
nesium wire, which, seen from a point of the sea's level, has an 


apparent magnitude equal to that of the sun, effects, at that point, 
the same chemical action as the sun would do if shining from a cloud- 
less sky at the height of 9'^63' above the horizon. On comparing the 


vMlfle brightness of these two sources of light, it was found that the 
of the sun’s disc, as measured by the eye, is 624*7 times as 
burning magnesium when the sun’s zenith-distance 
the same zenith-distance the sun’s chemical bright^ 
great. Hence the value of this Ught as a 
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source of chemically active rays for photographic purposes is at once 
apparent. The application of magnesium as a source of light has 
become of technical importance. A burning magnesium wire of the 
thickness of 0*297 mm. evolves as much light as 74 stearin candles, of 
which five go to the pound. If this light lasted one minute, 0*987 m. 
of wire weighing 0*120 gram would be burnt. In order to produce 
a light equal to 74 candles burning for 10 hours, whereby 20 lbs* of 
stearin is consumed, 72*2 grams or 2 J oz. of magnesium would be 
needed* The light from burning magnesium has been employed for 
signalling, and for military and naval purposes, and it is especially 
used in pyrotechny. 

Perhaps the moat interesting of these applications of the battery is 
that of the preparation of the metals of the alkaline earths (Jhwm* 
de PAarm,, 1864, 20 , 311 3 1856, 28, 166), the isolation of which had , 
hitherto eluded pursuit, and this work he handed over to our country- 
man, Augustus Matthiessen, who, under Bunsen's guidance, brought 
the investigation to a successful issue. The conditions most favour- 
able to a reduction were carefully worked out. It had already 
been pointed out by Bunsen “ that the density of the current (that is, 
the current per unit cross section) is the chief condition under which 
the electricity is able to overcome chemical aflSinities/' This condition 
was fulfilled by using for the negative pole a very short length of 
thin harpsichord wire, upon which the reduced metal hangs in the form 
of molten beads, from wMch they can be quickly detached and plunged 
into petroleum. Another necessary condition is that the melting 
point of the electrolyte should be as low as possible, and this was 
attained by using a mixture of the chlorides of calcium and strontium, 
and by the addition of some sal-ammoniac to the mass as the electro- 
lysis proceeds. This subject was again further elaborated, in 1876, in 
the Heidelberg laboratory by Hillebrand and Norton {^Fogg, Ann,, 1876, 
156, 466), who prepared considerable quantities of cerium, lanthanum, 
and didymium in the coherent metallic state. 

But the reduction of the metals was not the only important work 
which Bunsen got out of his battery, for quite early in its history it 
made its mark in organic chemistry. If by the electrolysis of caustic 
soda we obtain oxygen and a metallic radicle, xmght not the electro- 
lysis of an organic substance yield the corresponding organic radicle 9 
Botthtless a question of this kind presented itself to Bunsen's mind 
when he set his assistant, Kolbe, to work on the electrolysis of acetic 
and valeric acids {Amialm, 1847, 64, 339; 1849, 69, 267). The 
results oS investigations thus commenced and carried out, both by Kolbe 
alone, and in collaboration with Prankland, and the still more prolific 
researches of the latter chemist, are matters of scientific history ; it 
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however, not so generally recognised that they owe their origin to 
the Bunsen batter 

In addition to the zinc-carbon-nitric acid battery, Bunsen also con- 
structed a powerful thermopile of copper pyrites and copper (Fogg. 
4-nn,, 1864, 123, 505 ) ; and in later years a constant zinc-carbon-' 
chromic acid battery (Fogg. Ann,^ 1876, 166, 232) so arranged that the 
zinc and carbon plates could be lowered readily into the exciting 
liquid, and thus the battery was easily put in and out of action. This 
he used for obtaining the spark spectra, of the rare earth metals. 

Por the purpose of measuring the intensity of the light given off 
by carbon-poles connected with his battery, Bunsen, in 1844, con- 
structed his well-known photometer (Ferzelius Jahresher., 1846, 24, 13). 
The essential feature of this apparatus is the * disc ' of paper having a 
greased spot in the centre, or having a greased circumference with an 
untouched spot in the middle. With regard to this, Elster relates the 
story that when he showed this arrangement to the late Emperor 
Erederick, then Crown Prince, the Prince remarked, Eor the first time 
in my life, I now know the value of a spot of grease.^' In the original 
Bunsen photometer, a small flame burning in a closed box fixed on a 
pivot in the centre of a long board, illuminated the back of the disc, the 
relative luminous intensity of the two sources of light under examina- 
tion being ascertained by moving them alternately backwards and 
forwards on each side of the disc until, in each case, the spot dis- 
This form of the photometer was afterwards modified by 
other observers, not, according to Bunsen, to its advantage, by omitting 
the small flame and box, and simply moving the disc backyrar<^s and for- 
.wards between the two fixed sources of light. Recently, Preece has 
proposed toreintroduce the principle of the original Bunsen arrangement 
of ascertaining the relative luminosity by always exposing the same 
side of the disc, and therefore eliminating the error arising from its 
translucency. In one form or other, the Bunsen photometer has, how- 
ever, for many years been in general use, but recently it has been 
partially replaced by the shadow photometer. 


In this connection, mention must be made of two important re- 
s^rches of a physical rather than of a purely chemical nature, and 
clmracteristic of the manipulative as well as of the intellectual power 
They refer to the ice- and the vapour-calorimeters. 

battery, it was possible for Bunsen to prepare 
metals, so by help of his ice calorimeter 
ascertain one of their most 
It was constructed in order to be able 
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to determine exactly the specific heats of substances which could only 
be obtained in small quantities, and to which the usual calorimetric 
methods were therefore inapplicable. Thus it became of the greatest 
theoretical importance to ascertain the specific heat of indium, of 
cerium, lanthanum, didymium, and germanium, and other metals 
which are only obtainable in small quantities. The principles of con- 
struction and mode of action of the ice calorimeter are so well known 
that a description of the instrument and its use is here superfluous. 
They were published in 1870, and by its means the atomic weight of 
indium and the formulse of its compounds were rectified, whilst the 
doubts arising as to the formulm of the compounds of other metals 
were eliminated. “Thus Bunsen largely contributed to the confirma- 
tion, and to the acceptance of the system of atomic weights now in use, 
and thereby to the rational classification of the elements depending 
on that system.*^ * 

In 1887, when 76 years of age, Bunsen published the description of 
a new vapour calorimeter (Ann* Phys* Ohem,^ 1887, 31, 1), upon which 
he had for some time been engaged. It depends on the same principle 
as the one previously constructed by Joly (Proc. Eoy, Soc., 1886, 41, 
362). The body whose specific heat has to be determined is hung by a 
fine platinum wire to tbe beam of a balance, then brought into saturated 
aqueous vapour at 100° and the amount of water deposited on the 
body whilst it is being heated is weighed in the vapour, this amount 
being directly proportional to tbe specific heat. This method gives 
very accurate results, and differs in some essential respects from that 
proposed by Joly. In this way, Bunsen determined the specific heat 
of platinum at different temperatures, that of glass, and of water 
enclosed in glass. This latter he found to be 0*0992 (Joly obtained 
as a mean result 1*0062). The originality of this idea, arrived at quite 
independently from Joly, and the degree of accuracy with which the 
whole research is worked out, must indeed be considered as a wonderful 
achievement of a man close upon 80 years of age. 

In addition to the work which Bunsen did alone, I am bound to 
refer to the long and difficult series of researches on the measurement 
of the chemical action of light, in all of which I was associated with 
him. (Pd^^.,1866, 06, 373; PhiL Trms.j 1867, 147, 366, 381, 601 ; 1869, 
149, 879 ; 1863, 153, 139). 'Pov this reason, I feel difficulty in criticising 
it. This difficulty is, however, somewhat removed if, for this Lecture, 
I simpl;^ quote the opinion of Richard Meyer as found in his < Nachruf ' 
of Bunsen, with an extract from Ostwald^s “ Clmaiher with which 
he closes the notice, and as an illustration of Bunsen^s literary 

^ Stanislao Cannizzaro, Commemorazione del Socio Straniero. R. W. Bunsen, 
d* E Acad* dei Ztnceh 8 December, 1899. Roma, 1899, 
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style, add a few sentences of the introduction which he wrote to the 
fourth part of our photochemical researches. 

The year 1855 was rendered especially memorable, as in that year 
the first communication appeared of the photochemical investigations 
which Bunsen carried out together with H. E. Boscoe. These Re- 
searches are considered by Ostwald simply as * the classical example 
for all further researches in physical chemistry/ 

The investigation is founded on the discovery by Gay-Lussac and 
Thdnard of the action of light on a mixture of equal volumes of 
chlorine and hydrogen, in which an intense illumination produces an 
explosive combination, whilst with a less intense one the combination 
proceeds more slowly. So early as 1843, Draper had made use of this 
property for the construction of an actinometer, to which he gave the 
name of tithonometer. This, however, first became a reliable instru- 
ment in the hands of Bunsen and Boscoe. Equipped with this 
instrument, they have determined the most important laws of the 
chemical action of light after overcoming extraordinary experimental 
diflBlculties. Subsequently they replaced this apparatus, in conse- 
quence of the difidculties attending its manipulation, by the much more 
convenient chloride of silver actinometer. 

The first point determined was that the chemically active rays are 
reflected and absorbed according to the same laws as the visibl^rays, 
and that their intensity diminishes as the squax’e of the distance. 
The question as to ‘whether energy is expended in the act of photo- 
chemical combination for which an equivaleijt amount of light dis- 
appears, or whether the action, like that of the liberation of a spring, 
is brought about by the chemical rays without any appreciable loss of 
light, ^ is decided in favour of the first view ; *tbe phenomenon is 
termed by the authors photochemical extinction. 

“ A second, very remarkable phenomenon, first pointed out by the 
authors, is that of chemical induction. This refers to the fact that 
the action of light on the sensitive mixture of ^hlorine and hydrogen 
does not begin in its full intensity, but that i^jj^wly increases, until 
after the lapse of a certain time it attains its regular and maximum 
rate. A satisfactory explanation, much less a theory, of induction is 
as yet wanting. Lastly, it was proved that photochemical action 
depends solely upon the quantity of the incident light, an(^U|altogether 
independent of the time during which the insolation takes place. 

, “The great and important influence which photoohemioal action 
exerts in organic nature, especially in plant assimilation, renders the 
application of photochemical measurements to meteorological and 
^climatic phenomena of special interest. But the difiSculties which 
surrounded such an application were enormous. In the first place, it 
was necessary to find a unit of absolute measurooaent for the chemi- 
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cally diotive rays. A flame of carbonic oxide which emits chemically 
active rays of great intensity, burning in air under carefully specified 
conditions, satisfied the requirement. It was found that whilst the 
variation of the chemical action of the light reflected from a clouded 
sky was subject to no recognisable law, that obtaining when the sky 
was cloudless, and when direct sunlight was employed, at once ex- 
hibited distinct relations. The curves of daily intensity thus obtained 
before and after noon were seen to be symmetrical throughout the 
day ; in direct sunshine, those curves of course rise much higher than 
is the case in diffuse daylight, moreover, the considerable variation due * 
to change of latitude was precisely calculated. 

<*The dependance of the chemical action on the wave-length of the 
incident light was carefully studied, the result being that the most 
intense action was exerted by the rays between the lines G and H of 
Fraunhofer j the curve falls sharply towards the red end of the 
spectrum, whilst it extends in the more refrangible portion far into 
the ultra-violet. Strictly speaking, this only applies to the mixture of 
chlorine and hydrogen, still experiment has shown that the same 
thing is to some degree true of many other sensitive substances, 
although the distribution of the chemical activity in the spectrum is 
a different one. 

** This short account of the photochemical researches is far from 
doing them justice. -‘In no other research in this domain of science 
do we find exhibited such an amount of chemical, physical, and 
mathematical dexterity, of ability in devising experiments, of patience 
and perseverance in carrying them out, of attention given to the 
minutest detail, or of breadth of view as applied to the grander 
meteorological and cosmical phenomena of nature * (Ostwald).*' 

[And now comes Bunsen^s introduction : — 

*' The measureless store of energy which nature has amassed in the 
suB^s body flows in an unceasing current as solar rays throughout the 
univer^. 

^^The labour expended on the earth^s surface in the maintenance of 
the animal and vegetable creation, and in the production of geological 
change, is derived, almost exclusively, from this source* 

Those of the sun^s rays which vibrate most slowly, and form the 
red portion of the solar spectrum, including the rays visible and 
invisible which surround them, give rise by their absorption, more 
especially to the thermic actions observed on the surface of the earth, 
and in both the fluid zones which as ocean and atmosphere encircle 
the solid orUst of our planet. These rays constitute the sources of 
heat which, in those grand processes of distillation and atmospheric 
deposit, have effected these vast transformations of the earth^s 
crust, by the study of which we obtain some idea of the immensity 
VOL. LXXm PP 
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of the sun's action exerted during geological ages upon our 
globe. 

Of a totally different kind, on a scale less magnificent, but not 
less important, are the effects mainly produced by the more highly 
refrangible, and more rapidly vibrating, portions of the solar rays. 
These rays exert the most marked influence upon the chemical changes 
on which the vegetable world depends, and are therefore of the 
greatest importance as regards the character and geographical dis- 
tribution of organic nature. 

“ Although the atmospheric phenomena regulating the amount and 
distribution of the chemical action of light on the earth's surface 
have not as yet been systematised to the same extent as the thermic, 
electrical, and magnetic phenomena of meteorology, the reason is not 
so much that their importance has been overlooked, as that the 
difficulties which surround an exact investigation of the subject have 
up to the present time proved insurmountable. . . . The light which 
the sun radiates into space during each minute of time represents a 
chemical energy, by means of which more than twenty-five and a 
half billions of cubic miles of chlorine and hydrogen may be combined 
to form hydrochloric acid" {PhiL Trans,^ 1869, 149,879), 


Of all Bunsen's researches, the one which will undoubtedly stand 
out pre-eminent as time rolls on is that on Spectrum Analysis. 

The most important discovery made by Bunsen during the short 
duration of his residence in Breslau was the discovery of Kirchhofl, 
who was then Professor of Physics in that University, and whose 
great ability the elder man at once recognised. "Eo sooner had Jolly 
removed to Munich in 1854 than Bunsen took care that KirohhofB 
should be his successor in the Heidelberg Chair of Physics. And thus 
came about that great twin research which has made the namd of 
these men known through the wide world. To dilate upon the 
importance of the discovery is unnecessary ; to follow out the growth 
of this branch of science in its height and depth and breadth 
is here impossible. All that can be now done is to indicate briefly 
the origin of the discovery and to refer to a few points in Bunsen's 


work which are of special interest to chemists. To begin with, let 
me "give you in Bunsen's own words the account of Kirohhoff'a great 


,®SOOV€ry---namely, the full explanation of Fraunhofer's lines in the solar 

S tni, pointing the way to a knowledge of the chemical composiH 
s^n and fixed stars, and then of his own application of the 
analysis to the examination of terrestrial 




^?,dated November 16, 1869, he writes; 

whole of this letter is inserted at page 586. 
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** At the moment I am engaged in a research with KirohhoU which 
gives us sleepless nights. Kirehhoff has made a most beautiful 
and most unexpected discovery; he has found out the cause of the 
dark lines in the solar spectrum, and has been able both to strengthen 
these lines artificially in the solar spectrum and to cause their appear- 
ance in a continuous spectrum of a flame, their positions being identical 
with those of the Fraunhofer’s lines. Thus the way is pointed out by 
which the material composition of the sun and fixed stars can be 
ascertained with the same degree of certainty as we can ascertain 
by means of our reagents the presence of SO 3 and 01. By this 
method, too, the composition of terrestrial matter can be ascertained, 
and the component parts distinguished, with as great ease and delicacy 
as is the case with the matter contained in the sun ; thus I have been 
able to detect lithium in 30 grams of sea-water. For the detection of 
many substances, this method is to be preferred to any of our 
previously known processes. Thus, if you have a mixture of Li, Ka, 
Na, Ba, Sr, Oa, all you need to do is to bring a 
mixture in our apparatus in order to be able to ascertain the presence 
of all the above substances by mere observation. Some of these 
reactions are wonderfully delicate. Thus it is possible to detect 
of a milligram of lithium with the greatest ease and certainty, 
and 1 have discovered the presence of this metal in almost every 
sample of potashes/^ 

The following letter contains the first announcement of his discovery 
of cflesium. It was not until one month later (May 10, 1860) that the 
fact of the discovery was communicated to the Berlin Academy of. 
Sciences ; , - 

Heidelberg, ApriMO, 1860. 

“ My BBAB Friend, 

** Weltzien went to Paius a week ago and pressed me to accom- 
pany him, but unfortunately I ^as unable to free myself from work 
which 1 had postponed until the vacation, and so I have been obliged 
to forego the pleasure of seeing you in Paris and to tell you how 
much 1 have been pleased with your investigation* Bp not be 
annoyed with me, dear Boscoe, that I have done nothing *«^ith our 
light investigation* I have left everything untouched, because I 
have obtained full certainty, by means of spectrum analysis, that 
besides Ha, Na, and Li, a fourth alkali metal must exist, and all my 
time has been occupied in endeavouring to isolate some compounds of 
the new substance. Where the presence of this body is indicated, it 
occurs in such minute quantity that I almost give up hope of isolating 
it unless, indeed, I am fortunate enough to find a material which 
contains it in larger amount.** 



532 


ROSCOE: BUNSEN MEMORIAL LECTURE. 


On November 6, 1860, Bunsen describes to me his further work on 
the new metal as follows : 

have been very fortunate with my new metal, I have got 
60 grams of the nearly chemically pure chloro-platinic compound. It 
is true that this 60 grams has been obtained from no less than 
40 tons of the mineral water, from which 2*5 lbs. of lithium carbonate 
have been prepared by a simple process as a bye-product. I am 
calling the new metal ‘‘csesium/^ from ‘'csesius*' bine, on acwnnt 
of the splendid blue line in its spectrum. Next Sunday I hope to 
find time to make the first determination of the atomic weight.’^ 

The rare combination of mental and manual dexterity characteristic 
of Bunsen is nowhere more strikingly shown than in the investigation 
of the csesium compounds. From these 17 grams of csesium chloride 
obtained as above described, he not only succeeded in preparing and 
analysing all the more important compounds, but in crystallising the 
salts in such a form that he was able to determine their crystallo- 
graphic constants and then to supply all the necessary data for fixing 
the position of this new element and its compounds in relation to its 
well known relatives potassium and sodium. 

AU the world knows that shortly after his discovery of cmsium the 
birth of another new alkali-metal, rubidium * {Berlin Monatah^^ 1861, 
0, 273), was announced by Bunsen, and the application of spectrum 
analysis led, in other hands, to the isolation of thallium in 1861, indium 
in 1863, germanium in 1886, galliuxhin 1876, and scandium in 1879, but 
alongside of these caine announcements of the discovery of other new 
metals whose existence was niore than doubtful. Concerning these he 
writes to myself ; “ The frivolous way in which new metals are now diife- 
oovered by dozens and sent forth into the world duly christened is 
certainly no gain to science ; only later inquirers will be able to decide 
what remains new and serviceable out of this chaos of material.'' 

’ I naay here remind you that cmsium is not only interesting as being 
the first metal to have been discovered by spectrum analysis, but 
because^ even before Bunsen’s discovery, chemists had worked with 


csesium salts which they had mistaken for potassium compounds, so 
closely do the properties of the two metals correspond. Plattner, in 
1846, analysing a mineral from Elba termed pollux, could not bring 
his analysis to add up to 100 parts and was unable to explain the 


anomaly. After Bunsen had established the existence of c«esium, 
Jpfeaui, in 1864, took up the re-examination of the mineral, and 
that the alkali-metal was csesium, with an atomic weight of 
potassium with one of 38‘86, and thus accounting for 


Atticle 8Q, **ltubidius autem est mfus atrior ej 
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In the Christmas vacation of 1863, an extraordinary accident, 
illustrating in a painful manner the close analogy which exists 
between the properties of the potassium compounds and those of 
rubidium, occurred in Bunsen^s laboratory. It is thus described in a 
letter from Bunsen to myself : 

** For a week I have been in a very depressed and sad state of mind 
owing to a fearful misfortune which has taken place in the laboratory. 
During my absence from Heidelberg in the Christmas holidays, a man 
employed there in cutting wood, in spite of previous warnings, inex- 
cusably took bis little son with him into the laboratory and allowed 
him to run about without proper supervision, The child seems to 
have put into his mouth an iron tube which had been used for the 
reduction of metallic rubidium by heating the carbonate with char- 
coal, and in which the explosive compound carbonic-oxide-rubidium 
had been formed. The result was that an explosion occurred, and 
although no mechanical wounding took place, the ohild^a throat and 
roof of its mouth were fearfully burned, so much so that it died within 
twelve hours. You can imagine how much I have been affected by 
this accident, although, Heaven be thanked, no blame for want of 
caution can be attributed to me” 

In 1876 {Pogg. Am., 1876, 156, 280, 366), Bunsen published a long 
investigation upon the spark spectra of the rare earths. He had con- 
structed, and describes there, a new and convenient form of carbon-isino 
chromic acid battery which was sujficiently powerful to give a small arc 
light or to work a large induction coil, and could be put in and out 
of action, so that it was made ready for instant use by lowering the 
carbons into the exciting liquid. By the help of this battery, Bunsen 
mapped the spark-spectra of the rare earths, the separation of which 
has proved to be a tedious and very laborious piece of work, An 
accident, almost pathetic in its incidents and somewhat similar to 
the well-known accident which happened to Newton's manuscript, 
occurred to Bunsen. He had just completed the above-named research 
and the finished manuscript lay upon his writing table. On his return 
from dinner one day, he found the whole reduced to ashes ! It seems 
that a spherical water-bottle stood on his desk, and this, acting as 
a lens in the sunlight, was the cause of the disaster. Writing to me 
on June 3, 1874, he says ; 

** You have good cause to be very angry with me for not having 
answered your sympathetic letter before this ; but I have not aliowod 
myself lately to think of anything which would remind me of the loss 
of my burnt research. ... I had finished the editing of a memoir on 
a subject which had occupied me for three years, and was about to 
forward it to Poggendorff for publication, when on returning home 
the other day I found all these papers, which had caught fire during 
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my absence, reduced to ashes. The photographs of the apparatus, the 
drawings of the spark-spectra of the metals of the rare earths, to 
separate and map which had cost me untold trouble, all are burnt/^ 
With regard to this accident, KirchhpfE writes to me on May 22 ; 
^‘The disaster of which you read in the papers really happened. The 
manuscript of a research at which he had laboured for years, with 
maps of spectra, has been burnt. He was, to begin with, much 
depressed, but his wonderful elasticity of mind enabled Mm 
come his dejection, and he has already begun to replace whaf^%as 
lost.’^ This he continued to do, never drawing rein until the memoir 
was again ready for press. 

The original views of Bunsen and Kirchhoff concerning the nature of 
the spectra of the alkali and alkaline-earth metals as examined in the 
flame of the Bunsen burner has since their time undergone consider- 
able modification. We now know that whilst the spectrum of potass- 
ium, sodium, cfiBsium, rubidium, and lithium, produced when any 
compound of these elements is brought into the flame, is that of the 
metal, it is quite otherwise with the similar spectra of the alkaline 
earths, for if a bead of calcium, strontium, or barium salt be brought 
into the flame, bright lines and bands are seen characteristic indeed 
of the individual substance, but differing altogether from the spectra 
obtained from the above compounds at the high temperature of the 
electric spark. In the first case, we are dealing with the spectra of a 
compound, whereas in the latter instance we obtain the line spectrum 
of the metal itseH- Nor must it be forgotten that Bunsen was the 
first to point out that which has only in repent years been fully 
recognised, namely, that change of physical, conditipn , under whidh a 

rise to fundamental ob^ges^m the 
charactOT of *the spectrum itself. It was in his research on the 


absorptipn spectrum of didymium {Pogg, Ann,, 1866, 128, 100), 
carried out with minute care, that this point was made clear. In 
this he proved that, examined under a high dispersive and magnifying 
power, a crystal of didymium sulphate gives an absorption spectrum 
in which the dark bands vary in position and in breadth according to 
the position of the crystal in regard to its axes through which the 
light passes, that is, whether the polarised ray is ordinary or extra- 
ordinary. These changes, somewhat similar to those since shown to 
be effected by change of pressure under magnetic influence, or from 


change of temperature, have yet to receive a satisfactory explanation^ 
•To ei^^ge upon these matters is, however, beyond the province of 
address, sufdce it to say that Bunsen's original investiga- 
nut an unbounded field for research the cultiyation 
great results and will in future yield 
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Next let us turn to his celebrated researches on chemical geology, 
especially those concerning the volcanic phenomena of Iceland. 

The only relaxation from his scientific labours which Bunsen 
throughout life allowed himself was travelling, and this he thoroughly 
enjoyed. During many autumn vacations, I had the pleasure of 
accompanying him in rambles throughout Switzerland and the Tyrol* 
He walked well and had a keen appreciation of natural beauty^ 
especially of mountain and woodland scenery, whilst he took great 
interest in the geology and physical characteristics of the districts 
through which he passed, and this it was that led him to turn his 
mind to chemico-geological studies. So early as 184:4, in company 
with Pilla and Matteucci, he visited and carefully examined the car- 
boniferous deposits occurring in the well known fumerole districts 
of the Tuscan Maremma {Awmhn^ 1844, 49, 264), and in 1846 
he undertook his journey to Iceland, where he spent months, 
and the outcome of which was the well-known series of investigations 
on the .volcanic phenomena of that island 1847, 62, 1 ; 

1848, 66, 70). No doubt it was the eruption of Heola in 184S which 
served as the incentive to this expedition, for he desired, not only 
to examine the composition of the Icelandic rooks, which are entirely 
of volcanic origin, but especially the pseudovolcanic phenomena which 
present themselves in greater force immediately after a period of 
activity than at other times. 

The expedition to Iceland was an official one promoted by the 
Hanish Government. Bunsen was accompanied by Sartorius von 
Waltersbausen and Bergman, both colleagues at Marburg, as well as 
by the French mineralogist Des Oloizeaux. They left Copenhagen on 
May 4, 1846, reaching Reykiavik after, a short but stormy passage 
of 11 days* The party spent 10 days at the foot of Heola, where 
Bunsen collected the gases emitted by the fumeroles, and investigated 
the changes which these gases effect on the volcanic rooks with which 
they come into contact* Eleven more days were given to the investiga- 
tion of the phenomena of the geysers, and at the end of August Bunsen 
left the island, having in the short space of about three months coUeoted 
a xnass of material the working up of which, as he writes to Berzelius, 
will tax all my energies for some length of time/^ a prediction whicii 
was subsequently fully realised. 

Connected with the Icelandic expedition, the following story is told : 
—Bunsen had made all his arrangements for the expedition, had 
packed all the apparatus requited for carrying on an experimental 
research in those regions, but he had been unable to obtain from the 
Kurfurst of Hesse-Oassel, of whose Civil Service he was a member, 
leave of absence from his professorship, although the application had 
been made repeatedly. In this difficulty, he appealed for help to a 
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cousin who happened to be domestic physician to this Prince, whose 
eccentricity was well known. The difficulty was solved as follows : 
the physician informed bis Koyal Highness that a cousin of his who 
was professor of chemistry in the Marburg University had conceived 
the wild idea of voyaging to Iceland, and that this was regrettable 
inasmuch as the professor would inevitably lose his life in so 
dangerous an undertaking, consequently he hoped that his Royal 
Highness would not accede to the request. The result of the inter- 
view was that the documents so long waited for were in Bunsen’s 
hands next day 1 

Although some of the conclusions drawn by Bunsen from his 
investigations on the composition of the Icelandic rocks are not 
generally accepted at the present day, yet geologists admit that these 
researches laid the foundation of modern petrology, and that the 
original views which he therein expressed mark an era in the 
history of geological theory. It is now acknowledged that the 
idea which he was the first to propound, namely, the necessity 
of examining the chemical composition of eruptive rooks taken as 
a whole, rather than the determination of their various constituent 
minerals, must be carried out if we wish to come to an understanding 
as to their mode of formation. For this purpose, he made an exten- 
sive series of complete analyses of the Icelandic rocks. And from 
these results he drew the remarkable conclusion that in Iceland, 
and probably in most of the larger volcanic systems, there exist two 
extreme types of rocks. One of these, richest in silica, is termed 
the nor23tjal trachyte ” ; the other, containing less silica and naturally 
more basic constituents, is the ‘'normal pyroxene.” All the Icelandic 
rocks can be classed as being either one or other of these normal 
silicates, or as admixtures of the two. In order to account for these 
well established facts, Bunsen supposed that the two normal types 
Were separated out from the mass of molten silicate in the interior of 
the earth at distinct points. And he founded this supposition on the 
fact of the influence of pressure on the melting point {Pogg, Ann*, 
1850,81,662). 


This had been independently pointed out by James Thomson, in 1849, 
as being a corollary of the mechanical theory of heat, and had also been 
experimentally verified by William Thomson (Lord Kelvin) in the 
case of water. Bunsen developed this point further by proving that, 


C^xjMJsed to a pressu^ of 156 atmospheres, the temperature of solidi- 
:fieation of spennaceti was raised from 47* 7^ under ordinary atmo- 
‘^^^Ibe^pmsure, to 60*9°; As volcanic rocks must have been subjected 
amounting to many thousands of atmospheres, it 
of, such variation on the point of solidification 
wery .considerable, and that where the pressure 
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is less the composition of the crystalline mass would be diffeient 
from that of the rock formed where the pressure is greater. This 
remarkable theory of the existence of two distinct types of rocks separ- 
ating out from the same fluid mass, has recently been supplanted by 
other views, but the facts respecting the composition of the eruptive 
rocks upon which the idea was based will ever remain, not only a 
monument to the patience and perseverance of their discoverer, but 
as some of the most valuable additions to our knowledge of chemical 
geology. 

Bunsen's investigations of the pseudo- volcanic phenomena ^ of 
Iceland, and especially those of the great geyser, may, indeed, be 
considered as models both from a physical and a chemical point 
of view. The temperature experiments, which were both difficult 
and dangerous, were conducted by Bunsen in collaboration with Des 
Oioiszeaux. He first shows that the cylindrical shaft, which is no 
less than 74 feet deep, and 10 feet in diameter, had been built up by 
the deposition of the silica which the water holds in solution, so that, 
in Tyndall’s words, the Geyser is the architect of its own tube.*' 
Bunsen determined the temperature of the water contained in the 
tube a few minutes before an eruption, and found that in no part of 
the tube did the water reach its boiling point. The situation at which 
the temperature of the water moat nearly approached the boiling 
point under the superincumbent pressure, was about 30 feet from the 
bottom, reaching there 121*8®, whereas the boiling temperature 
was 123*8®, making a difference of only 2®. The question occurs, 
why, under these circumstances, does an eruption take place ? This 
is satisfactorily accounted for by the fact that, owing to the existence 
at the base of the geyser tube of volcanic vents, through which steam 
under pressure is passing, the whole column of heated water is lifted, 
so that whilst originally at a point 30 feet from the bottom the tem- 
perature of the water was below the boiling point, when it became 
raised through a height of 6 feet by the pressure of the issuing 
steam, its temperature was 1® above the boiling point, the same 
being true for every point in the cylinder, and thus the ebullition 
gradually increased until at last it became eruptive. An experi- 
mental illustration of Bunsen's geyser theory is described by Tyndall 
in his well-known work. 

The distinct shade of blue possessed by waters of the geyser led 
Bunsen to examine the colour of distilled water {Edin, Mw PUL 
Joum.^ 1849, 47, 95). For this purpose, he enclosed carefully purified 
distilled water in an horizontal tube 2 metres long, closed by plate- 

^ An excellent English translation of the memoir On the intimate oonneotion 
between the pseudo-volcanic phenomena of Iceland ” is found in the volume of 
JHeporis and Mmoirs printed by the Cavendish Society in 1848 . 
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glass ends, the interior of which had been blackened thus showing 
that the absorptive power of water is exerted less upon the blue 
than upon the other rays of the spectrum, and explaining the 
blue colour of certain lakes and rivers, and the colour of sea-water as 
observed in the Blue Grotto of Capri The differences in depths of 
shades of blue possessed by waters in various places are doubtless due 
to the variation in size of the suspended particles varying in their 
reflective power. 

. Of a totally different character was the next piece of work to which 
I shall refer f it related to the separation of the metals of the platinum 
group. 

In 1868 {AnnaUn, 1868, 146, 265), Bunsen worked for some time 
on methods of separating the several metals contained in the residues 
left after the process of extracting the platinum as practised in the 
Imperial Mint at St. Petersburg, He fully describes the somewhat 
complicated processes by which he effected these separations 5 ( 1 ) 
the elimination of platinum and palladium ; ( 2 ) the separation of 
ruthenium ; (3) the deposition of iridium and rhodium ] and (4) the 
chief aim of the research, the preparation of pure rhodium and its 
compounds. 

In the course of these experiments, Bunsen met with a singular and 
unexplained accident, which fortunately had no serious consequences. 
With reference to this, he writes to me as follows : 

^‘It is still difficult for me to write, as my hands are not quit© 
healed, but I cannot longer delay replying to your sympathetic letter, 
as I fear you may be uneasy about me. Thc^ cause of the explosion is 
to me stiU quite inexplicable; 1 had prepared about a pound of the 
mixed metals rhodium and iridium by zinc reduction, and had dried 
the powder at 100 ^ in a water-bath, when, on lightly touching the 
finely divided metal, which was not quite cold, with my finger, the 
whole suddenly exploded with, the energy of rammed-in gunpowder. 
This is all the more puzzling, as I have often rubbed a powder of the 
same metals violently in a mortar in similar quantities without any 
explosion occurring; I have also heated similar preparations to a 
redness in vacua without any gas, and certainly without a trace of 
hydrogen, being evolved. My left hand, with the first finger of which 
I touched the mass, saved my eyes, as my face and eyes were only 
e^p^rfidally burnt by the flames which penetrated through my fingers, 
are, with the exception of singed eyebrows and eyelashes, 

luckily leave behind no serious 

on the platinum metals, Bunsen* 
which now bears his name, 


et^ m fee explosion will 
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But in a later publication {Anncden^ 1868, 148, 269) he gives further par- 
ticulars of its construction and use. These are so well known that it is 
only necessary to say that it is, in fact, a Sprengers pump in which a 
column of 28 inches of mercury is replaced by one of 32 feet o? water* 
In this way, a flow of water down a pipe of the above length produces 
a vacuum perfect up to the limit of tension of the aqueous vapour, 
and under the diminished pressures thus brought about, all the 
processes of filtration and of the washing of precipitates can be carried 
out with much greater rapidity and perfection than is the case when 
working under the ordinary atmospheric pressure. Here, as in all 
his published work, Bunsen is precise and exact. To show the time- 
saving value of , the process, he precipitates two equal volumes of 
chromium sesquichloride solution of known strength by ammonia; 
the one portion he treats in the ordinary way, the other by the filter- 
pump method, whereby he demonstrat.e8 that, treated by the latter 
process, the precipitate is completely washed in 1/lSth part of the time 
needed by the old plan, whilst only l/60th of the volume of wash-water 
is required. Such filter-pumps, furnished with mercury pressure 
gauges, are now found in every well fitted laboratory^ 

A somewhat simpler form of filter-pump, first described by Piccard 
(Zeit anal. Ohem,i 1865, 4, 46), is, however, now also very generally 
employed ; this consists of a short glass tube attached to the water tap 
with an inner jet for the water and an outer air-tube, the rapid flow 
of water carrying down with it a sufficient volume of air — on the 
principle of the steam injector — to create a diminution of pressure 
which, although by no means so great as that effected by the filter- 
pump as described by Bunsen, is still sufficient for many purposes. 

As another example of the far-reaching character of his work, a 
few words must be said about his experiments on the products of the 
firing of gunpowder. 

The nature of the reaction taking place in the firing of gunpowder 
has attracted the attention of chemists from early years. The 
accuracy of the simple equation, which at one time was believed to 
express this reaction was, long ago, rendered doubtful by the observa- 
tions of Qay-Lussao and Ohevreul, but the first exact investigation 
of the composition, both of the gases and of the solid products of the 
explosion, we owe to Bunsen and Sohieohfcoff (Popp. Ann*, 1867, 
102, 321). The points of importance which they ascertained were, 
in the first place, that a large number of salts, whose prcHcnca had 
hitherto not been detected, were shown to be normal constituentn of 
the smoke and solid residue ; and, secondly, that many other gaseous 
products besides carbon dioxide and nitrogen are formed. 

The j)owder was burnt under ordinary pressure, and the maximum 
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temperature of combustion as well as the maximum pressure were 
determined. Since 1858, other investigators have taken up this 
subject, especially Abel and Noble, Berthelot, and Debus,* All these 
elaborate and more recent researches bear out the conclusion arrived 
at by Bunsen and Schischkoff, namely, that it is not possible to give 
any simple expression for the reaction, the products not only being 
very numerous, but varying considerably in their proportion according 
to the conditions, especially the pressure, and, therefore, the tempera- 
ture, under which the explosion takes place. 


The invention which perhaps more than any other has popularised 
the name of Bunsen is that of his celebrated burner. 

The Bunsen burner, to the discovery of which I shall refer later on, 
is not only important from the fact of its almost universal employ- 
ment, but also because familiarity with its properties led Bunsen to 
elaborate a series of flame reactions of very wide applicability. In 
the communication published in 1866 {AnnaUny 1866, 138, 267), he 
showed that the non-luminous flame of the burner could, with ad- 
vantage, supplant the blow-pipe flame for many analytical purposes. 
He first describes the constitution of the non-luminous gas flame j 
next he examines the action of the high temperature of the flame on 
the emission of light from solid bodies placed in the flame, referring 
especially to the extraordinary luminous intensity of incandescent 
erbia, interesting as being the starting point for the enormous in- 
dustry of the incandescent mantle. He also determines the melting 
points and the rate of volatility of many salts by means of small be^ds 
of material placed at the end of a thin platinum wire in the flame, the 
rate of volatilisation being ascertained by the microscopic measure- 
ment of the diminishing diameters, in given periods of time, of the 
molten globules. He next details a variety of original and most 
ingenious methods of detecting minute quantities of the metals and 
non-metals by the help of reactions eflected in the flame. So delicate 
are some of these methods, as, for instance, that of the clotoction of 
gold, that its presence can be with certainty ascertained in one 
centigram of a sample of a tellurium ore containing only a few tenths 
of a milligram of the metal 


Another most characteristic contribution to analytical chemistry is 
the investigation of a method of general applicability, published in 
1863 {Armalm^ 86, 266), known as the iodometrio method and con- 
of the volumetric determination of free iodine by means of 
i F^for which has since been substituted the more stable 
’ Es every chemist knows, is not only 

pupils and frieads, 1 am indehtsd for 
and Jdarhurg. 
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largely employed in commercial analyses, as, for example, for the es- 
timation of the amount of manganese dioxide in manganese ores and 
Weldon mud, but it also gives valuable assistance in the determination 
of interesting theoretical questions, as, for instance, by Bunsen in the 
separation of cerium and lanthanum, and in the estimation of the 
atomic weight of the former metal. 

Bunsen also devoted much time and labour to the perfection and 
systematisation of the processes of mineral water analysis. 

In 1871, he published a detailed account {ZeiL amL 10, 

391) of the methods of analysis which he adopted and their results in an 
investigation, made on behalf of the authorities, which had occupied him 
for some years, on the chemical and physical properties of the mineral 
waters occurring in various parts of the Grand Duchy of Baden. 
These results he afterwards published in pamphlet form. They cer- 
tainly constitute the most complete series of mineral water analyses 
existing, and serve as a model in this domain of analytical chemistry. 
It is interesting to remember that Victor Meyer, who acted at the 
time as his assistant, carried out a large part of the experimental 
work. 

Having thus pointed out some of the main features of Bunsen^s 
scientific achievements, I now turn to my personal recollections to 
give you an idea of what manner of man he ^as, and how he lived 
and worked. 

My reminiscences of Bunsen date as far back as the year 1852. In 
the autumn of that year, I was introduced to him by Professor von 
Mohl, the father of the late Prau von Helmholtz, who was then 
Professor of International Law in the University of Heidelberg. 
Bunsen had just been called from Breslau to fill the Chair of Chemistry 
at Heidelberg in succession to Leopold Gmelin, best known to English 
chemists as the author of the great handbook translated by our late 
editor, Henry Watts, and published by the Cavendish Society. I 
shall never forget the first sight of the man who afterwards became 
one of my most intimate and valued friends, and to whom I owe more 
than I can tell At that time, Bunsen was at the height of his powers, 
physical and mental; he stood fully six feet high, his figure was 
well knit and powerful, his manner was one of suave dignity, whilst 
his expression was that of great kindliness and of rare intelligence. 
Nor did this first impression of his bearing and character over change, 
much less lose force. On the contrary, the more intimate became my 
knowledge, the more had I cause to respect and admire him. HIh was 
a heart free from guile, guiding a temper equable and amiable. 
During my long and intimate friendship, I never heard him set down 
aught in malice, or express more than a mild and good-natured 
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remonstrance, as when, for instance, one of the praoticanten '' had 
adopted some faulty method of analysis, the master would remark ; 
‘^Mein Gott, wie konnten Sie so was thun ! ” His genial, yet quietly 
dignified, manner placed strangers at their ease, at once inspiring con» 
fidence and commanding respeck All saw in him a man worthy of osteom 
and safe to trust, whilst those who were favoured by his more intimate 
friendship knew that for true modesty and greatness of heart he was 
excelled by none ; they feel that for them he was the chevalier sans 
peur et sans reproche,** and that his companionship, whether soientiflo 
or social, was something to be proud of, the recollection of which remains 
as one of the most fruitful as well as one of the pleasantest of their lives. 

Considerate and generous towards the opinions of others, he hold 
firmly to his own, which at times he did not fail strongly to express. 
Simple and straightforward, he disliked assumption and hated dupli- 
city; single-minded and wholly devoted to his science, he abhored 
vanity and despised popularity-hunting. Indeed, of so rctiidng a 
disposition was he, that it was dilficult to get him to take part in 
public proceedings, and next to impossible to induce him to mako any 
public utterance of either a scientific or of a social character. 

Another and a remarkable trait in his character was his keen 
sense of humour. This gave a charm and a zest to his society greatly 
appreciated by his friends, but of all his witty sayings which passed 
from mouth to mouth as Bunsen's last," none was ever tinged with 
ill-nature, for this was foreign to his whole being. A large and 
interesting collection of these **Bunseniana" might be made. Suffice 
it here to mention a few. When travelling with Kirchholf and 
myself in England during the autumn of 1862, Bunsen was mistaken 
by a lady for his distant cousin, “ the Chevalier " Bunsen. Did you 
ever complete, sir, your great work on ‘God in BQsfcory 'i" asked the 
lady. “Alas, no," replied Bunsen, “my untimely death prevented 
me from accomplishing my dosign.” One of his assistants, engaged 
in rearranging the collection of specimens, came to hitn with a bottle 
containing quinine, and wishing to find out whether the (lleheimcrath 
remembered the formula for tho alkaloid, askod him for it ; IhinHon, 
who was, however, not to bo caught by cliafl’, r(q)Iiod, “ Wozu donn, 


Herr Doctor, sind die Ilandbuchor ?" luko many who aro en- 
grossed in their special calling, Buuhou wah often al)S(int mimlod, and 
xhismy good stories were current about tho niistakcH which he thus 
/ made. He had a well known difficulty m romomberitjg 


j. oue day a visitor called who he knew quite well was cither 
ferorJS^ekuM. During the conversation he was endeavouring 
^ imiAie up his mind which of these two gontlomen 
it was KekuW, then he convinced 
® Streoker. At last, however, he decided 
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that it was really Kekuy. So when his visitor rose to take leave, 
Bunsen, feeling confidence in his latest conclusion, could not refrain 
from remarking, Do you know that for a moment I took you for 
Strecker 1 " “ So I am,” replied his visitor in amazement. 

His, too, was a most affectionate nature, and one may regret that 
this side of his character was never freely called forth by family life, 
For Bunsen, like Dalton, tried to ezplain this failing by saying that he 
Muld never find time to get married. And this loneliness, especially 
in later life, oppressed him, and he often felt his isolated position keenly. 
When bidding him good-bye after my summer visits to him, he would 
smile sadly and remark, “ Jetz verlassen Sie mich wieder in meiner 
Einsamkeit." The following extract, from a letter to myself, referring 
to a notice of his life and labours, which appeared with a portrait, in 
1881, in the columns of Natwn, indicates more clearly than any 
“words of mine can do, this side of Bunsen’s character : 

"The kind things you say of me in Fatw-e touch me the more, as 
I see in them the faithful expression of your old true friendship for 
me, which is one of the great joys of my old age. When one arrives, 
as I shall do in a few days, at one's seventieth birthday, one has only 
to live through a short span of bodily and mental decay. Standing 
as I do at that period of my life, I feel as keenly as ever how modest 
and contemptibly small is the amount which I have added to the 
building of science. In the years which I am rapidly approaching, 
one lives more in the recollection of past happy days than in the 
present j and to the most pleasure-giving of them belong those which 
for many years we spent in true friendship together,” 

As another touching illustration of his affectionate disposition, I may 
mention that when congratulated one day by a friend on his having 
received some high mark of distinction, he remarked, “Ah, the only 
value such things had for me was that they pleased my mother, and 
she is now dead 1 ” 

It may here be well to mention that, in the year 1881, a con- 
|n?atulstery address, accompanying a bronze statuette of Berzelius, 
from his old pupils, was presented to Bunsen on the occasion of the 
celebration of the jubilee of his doctorate. 

A letter written to me on Nov. 3 in that year indicates the feelings 
of regard and affection which bound together the Brofessor and 
his students, 

“ My viiKY MAE Pkibnu, 

" Blease accept my most hearty thanks for all the kindness 
you have shown towards me on this occasion, which has boon so 
exciting for me. Of all the friendly interest that has been shown, 
what gave me the greatest and most heartfelt pleasure were the oca* 
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gratulations to which your signature bore witness, amongst those of 
so many old friends, and of the donors of the beautiful and artistic 
gift which I received from the hands of Baeyer on the fiftieth 
anniversary of my graduation^ 

I and all friends will be glad to see you. I was absent from 
here on my anniversary day, hoping in that way to escape all oiEoial 
notice, but on my return I found so many tokens of kind interest 
that I scarcely see how it will be possible for me to answer each one 
separately . . . , and so I am beginning to feel very much ex- 

hausted after all I have been through ; I long most heartily for your 
friendly visit, which will be the best medicine for me.” , 

This flight of the principal actor in the scene is very characteristic 
of the man, and propos of this Kopp writes to me in January 1882 : 

“We had expected you to be present at the Jubilee. Bunsen bad 
secreted himself with a few intimate friends in Gugenheim on the 
Bergstraase, he had noted the locality of his retirement on a card, 
which, in case of your arrival, my wife was privately to hand to you. 
Bunsen took the unavoidable in good part, and not wholly without 
pleasure. He is very fresh and well, apart from his nearly permanent 
bronchial catarrh; he grumbles much, and is therefore perfectly 
normal.” 

In 1887, the seventh centenary of the foundation of Heidelberg 
University was auspiciously celebrated. Bunsen invited me to be 
his guest during the ceremony. During the inaugural discourse by 
Kuno Fischer, which lasted more than three honrs, Bunsen fell 
asleep, as well he might do, hut a more than usually eloquent passage 
disturbed his rest, and he woke up with a start, and whispered to 
me : “ I thought I had dropped a test-tube full of rubidium on to the 
floor I” 

nothing was more distasteful to him than the etiquette of the 
Court, nevertheless, during these festivities at which the Grand 
Duke of Baden, the Prince of Prussia, and other magnificos were, of 
course, present, Bunsen became the cynosure of neighbouring ayes. 
The recipient of heaps of Orders of all kinds, from all quarters, he 
never exhibited them except when he went to Court, or was invited 
to meet his Sovereign. To be used on such occasions only, ha kapt an 
” Order ” coat, a * Frack * or tail co|t, upon the breast of which he 
had stitched as many of the stars ana crosses as it would comfortably 
hold. During the Jubilee, the Grand Duke held a Court in the castle, 
and presentations were made. Bunsen, who had already paid bis 
d6vok& to the Grand Duke's party, expressed his unwillingness 
again to go through the necessary formalities, but, after some persuasion 
on my part, he consented, hoping, as he said, to conceal himself 
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behind the crowd of oflicials and dignitaries of all sorts who 
thronged the hall in which the Eoyalties were assembled. So we 
walked together up to the castle, in evening dress, as the custom is, 
Bunsen wearing his ' Orders.* The streets through which the procession 
of magnates was to pass were filled to overflowing by a good-natured 
crowd, no military or even police being present to clear the way, so as 
the royal carriages came up the steep road leading to the castle, a 
block occurred, and, as luck would have it, that containing the Grand 
Duke, the Duchess, and the Prince of Prussia came to a standstill at 
the exact point where Bunsen and I stood endeavouring to make our 
way through the crowd. The Duke at once recognised the Geheime- 
rath, and beckoned him to come to the carriage, and there and then 
they had a friendly chat, and I had the honour of being presented. 
As soon as the cortege moved on, I had a good laugh at Bunsen, who, 
endeavouring to escape from all notice and attention, was entrapped 
in this amusing fashion. 

Let me next endeavour to give you a picture of the master working 
in his laboratory. 

When he first came to Heidelberg in the summer of 1862, Bunsen 
found himself installed in Gmelin*s old laboratory. This was situated 
in the buildings of an ancient monastery, and there we all worked. 
It was roomy enough ; the old refectory was the main laboratory, the 
chapel was divided into two, one half became the lecture-room and 
the other a storehouse and museum. Soon the number of students 
increased and further extensions were needed, so the cloisters were 
enclosed by windows and working benches placed below them. Beneath 
the stone floor at our feet slept the dead monks, and on their tomb- 
stones wo threw our waste precipitates 1 There was no gas in 
Heidelberg in those days j nor any town*s water supply. We worked 
with Ber 2 !elius*s spirit lamps, made our combustions with charcoal, 
boiled down our wash-waters from our silicate analyses in large glass 
globes over charcoal fires, and went for water to the pump in the 
yard. Nevertheless, with all these so-called drawbacks, we were able 
to work easily and accurately. To work with Bunsen was a real 
pleasure. Entirely devoted to his students, as they were to him, he 
spent all day in the laboratory, showing them with his own hands 
how best to carry out the various operations in which they were 
engaged. You would find him with one man showing the new 
method of washing precipitates so as to save time and labour, or with 
another working out a calibration table of a eudiometer, or with a 
third pointing out that the ordinary method of separating iron from 
aluminium is unsatisfactory and carrying out a more perfect procoss 
before his eyes. Often you would find him seated at the table 
VOL. Lxxvn. q q 
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blow-pipe — the flame in those days was fed with oil— making some 
new piece of glass apparatus, for he was an expert glass blower, and 
enjoyed showing the men how to seal platinum wires into the eudio- 
meters, or to blow bulb-tubes for his iodometrio analyses. Maxwell 
Simpson, who worked with Bunsen in the fifties, tells me that one 
day he saw Bunsen blow a complicated piece of glass apparatus for a 
pupil, who quickly broke it ; Bunsen then made him a second, which 
at once met with a similar fate ; without a murmur, Bunsen again sat 
down to the blow-pipe and for the third time presented the student 
(who we will trust looked ashamed of himself) with the perfect 
apparatus. Then he would spend half the morning in the gas-analysis 
room, going through all the detailed manipulation of the exact measure- 
ment of gaseous volumes, and showing a couple of men how to estimate 
the various constituents of a sample of coal-gas, and pointing out the 
methods of calculating the results, and then leaving them to repeat 
the processes from beginning to end for themselves. 

His manipulative ability was remarkable ; his hands, though large 
and powerful, were supple and dexterous. He was amusingly proud 
of having a large thumb, by means of which he was able to close the 
open end of a loug eudiometer filled with mercury and immerse it in 
the mercury-bath without admitting the least bubble of air, a feat 
which those endowed with smaller digits were unable to accomplish* 
Then be had a very salamander-like power of handling hot glass 
tubes, and often at the blow-pipe have I smelt burnt Bunsen, and seen 
his fingers smoke 1 Then he would quickly reduce their temperature 
by pressing the lobeof his right ear between his heated thumb and 
forefinger, turning his head to one with a smile as the ‘‘agony 
abated,’' whilst it used to be a joke amongst the students that the 
master never needed a pincette to take off the lid from a hot porcelain 
crucible. 


Accuracy of work was the first essential with him — ^most of us 
learnt for the first time what this meant. Six weeks' work was spent 
on a single silicate analysis, but most of UsS contrived to keep two such 
analyses going at once, whilst an analysis of coal-gas occupied a week 
or ten days. INTot that he was averse to quick processes, indeed many 
of his own investigations contain novel proposals for shortening 
chemical methods, but this was never done at the expense of accuracy. 

After having learnt his methods of quantitative work, of silicate 
analysis, for example, and after having gone through a course of gas 
analysis, those of us who had already been more or less trained else- 
where, were set upon some original investigation. Lothar Meyer, who 
the next bench to myself, being a medical student, was set 
blood-gases; Pauli and Oarius worked 
on €^ploying for this purpose Bunsen's recently in* 
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vented absorptiometer ; Bussell was set to work out a new method of 
sulphur determination in organic bodies ; Matthiessen was put on to 
the electrolytic preparation of calcium and strontium ; Schischkofi 
analysed the gaseous products of gunpowder fired under varying con- 
ditions; Landolt had to find out the composition of the gases in 
various portions of a fiame, and I worked by myself in one of the 
monks' cells upstairs on the solubility in water of chlorine when mixed 
with hydrogen and carbonic acid, the object being to ascertain 
whether this gas obeys the law of Dalton and Henry* 

These are only some of the investigations on . a variety of subjects 
carried on in the old monastery by Bunsen's pupils under his super- 
vision, and they indicate only a tithe of his activity ; for at the same 
time be was engaged in investigations of his own — he always had two 
or three on hand at once. 

When Bunsen accepted the Chair of Chemistry at Heidelberg, the 
Baden Government agreed to build him a new laboratory. This was 
accordingly done, the plans having been worked out by him to the 
smallest detail, and in the summer of 1865 the new laboratory in the 
Block Strasse was opened. The rooms were by no means so lofty as 
those of our more modern laboratories, and as students from all parts 
of the world streamed in in large and increasing numbers, the new 
building soon became inconveniently crowded, and many applications 
for working benches had to be refused. 

Some short time before the opening of the now laboratory, the town 
of Heidelberg was for the first time lighted with gas, and Bunsen 
bad to consider what kind of gas-burner he would use for laboratory 
purposes. Returning from my Raster vacation in London, I brought 
back with me an Argand burner with copper chimney and wire-gauze 
top, which was the form commonly used in English laboratories at that 
time for working with a smokeless flame* This arrangement did not 
please Bunsen in the very least ; the fiame was flickering, it was too 
large, and the gas was so much diluted with air that the fiame-tempera- 
ture was greatly depressed* He would make a burner in which the mix- 
ture of gas and air would burn at the top of the tube without any gauze 
whatsoever, giving a steady, small, and hot, non-luminous flame under 
conditions such that it not only would burn without striking down 
when the gas supply was turned on full, but also when the supply was 
diminished until only a minute flame was left. This was a diiflcult, 
some thought it an impossible, problem to solve, but after many fruit- 
less attempts, and many tedious trials, he succeeded, and the Bunsen 
burner " came to light, On the theory of the Bunsen burner " X need 
not detain you, for it has already been brought before the Sucioty in his 
usually clear and masterly manner by our Bresident (this Journal, 

q ii 2 
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1877, i, 31, 627), I may, however, here remark that so general, 
indeed so universal, has the use of this become that its name and 
value must be known to, and appreciated by, millions of the human 
race. Yet how few of these have any further ideas connected with the 
name of its author. 

Another discovery which early brought him prominently before the 
public was that of the “ Bunsen, '' or as he preferred to call it, the 
“ carbon-zinc battery, a description of which has already been 
given. The manufacture of either the battery or the burner 
might, had the, inventor wished, have been so guarded as to bring in a 
large fortune. But Bunsen had no monetary ambition, although he 
fully appreciated the importance of applied science, and this is a fine 
trait in his character. He not only disliked anything savouring of 
money-making out of pure science, but he could not understand how a 
man professing to follow science could allow his attention to be thus 
diverted from pure research. “ There are two distinct classes of men,'' 
he used to say, first those who work at enlarging the boundaries of 
knowledge, and, secondly, those who apply that knowledge to useful 
ends." Bunsen chose the first — perhaps one may say the higher — part, 
and the notion of making money out of his discoveries, or of patenting 
any of them, never entered into his head. As illustrating this habit 
of mind, I remember that once we were talking about a former pupil 
of his, of whose scientific ability he entertained a high opinion. “ JDo 
you know," he remarked to me, I cannot make that man out } he has 
certkinly much scientific talent, and yet he thinks of nothing but 
money-making, and I am told that he has already amassed a large 
fortune. Is it not a singular oaset'* To which X replied that I 
did not find it so very remarkable ! 

In the new laboratory, research work was carried on with even 
greater activity than it had been in the old one. My own work on 
photochemical measurements was first carried out in a darkened 
chamber under the slates, where the summer temperature was usually 
above blood-heat, and afterwards in Bunsen^s private room down- 
stairs. Men whose names have long ago been household words 
with us came to work under the Master, Baeyer carried out 
his early work under Bunsen's care, though after a time he left to 
work with Kekul6, who had just set up a private laboratory in the 
neighbourhood. Lothar Meyer, Oarius, and Landolt were continuing 
their several researches ; Dexter worked on the atomic weight of 
antimony, Holtzmann on the cerium metals, whilst Pebal, Erlenmeyer, 
Meidin^r, Lichen, Barth, Moritz Hermann, and Lots each published 

K ring c<^inmuDications ; and Bahrfrom Stockholm, Frapolli from 
.5#^ from Padua, and Lourensofrom Goa were also occupied 
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in research. Most of this work Bunsen had initiated, all he assisted 
by co-operation and advice,* Then, in addition, there were the begin- 
ners, to the number of 60 or 70, all of whom were looked after by the 
Professor and with some of whom he would spend hours showing them 
how to detect traces of metals by aid of the flame reactions/^ or how 
to estimate the percentage of dioxide in pyrolusite by his iodometric 
method. So from Bunsen all who had eyes to see and ears to hoar 
might learn the important lesson that to found, or to carry on 
successfully, a school of chemistry the professor must work v/ith, and 
alongside, of the pupil, and that for him to delegate that duty to an 
assistant, however able, is a grave error. 

How, it may be asked, could a man who thus devoted himself to 
supervising the work of others in the laboratory — and who, besides, 
had a lecture to deliver every day, and much university business to 
transact— 'how could he possibly find time to carry out experimental 
work of his own? For it is to be noted that Bunsen never kept an 
assistant to work at his researches, and unless co-operating with 
someone else, did all the new experimental work with his own hands. 

It is true that in certain instances he .incorporated the results of 
analyses, made by a student whom he could trust, into his own 
memoirs ; notably this was the case with the silicate analyses which 
he used in his chemioo-geologioal papers, and with many of the 
examples given in illustration of some of his new analytical methods. 
Then, spending the whole day in the laboratory, he was often able to 
find a spare hour to devote to his own work, of devising and 
testing some new form of apparatus, of separating some of the rare 
earth metals, or of determining the crystalline form of a series of salts. 

Again the editing of the research, and the calculations, often com- 
plicated, which that involved, were carried on in the early morning 
hours. When, for four summers after the year 1867 I spent my 
vacations working at Heidelberg, I lived in his house, and although 
I rose betimes, I always found him at his desk, having begun work 
often before dawn. 

Then, although he frequently travelled during the vacations at 
Easter and in the autumn, often, I am glad to remember, with myself 
as companion, he generally returned after a short absence to continue 

* Durfng the twenty years following 1850 the following were amongst those who 
worked with Bunsen ; Graebe, Ladenbtirg, Biitschlx, Wichelhans, LaHpoyroH, 
Richard Moyer, Victor Meyer, Crum Brown, Thorpe, H. Eosenbunch, Ilorstnmmi, 
Emmerling, A, Salkowski, Bunte, Guido Goldschmiedt, Gibson, Smitholla, Micha(d, 
Eorn, Bornthson, KKnigs, Treadwell, Herzig, Fabinyi, Wanklyn, Phipaon Ib^alo, 
Cartmell, Long, Schischlcoff, Andrejeff, Beilstein, Filipuzjti, Schneider, UolifuH-AuHm't, 
Kiindig, Goppelsroeder, Mayboom, Nessler, 'Winckler, Rose, Lucius, FriedliiiuhT, 
L. Mond, Sprengel, Meseel, and lastly, Curtius, who at present occupies the Chair of 
Chemistry at Heidelberjj. 
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an unfinished, or to commence some new, research, and during these 
quiet days much work was done by both of us« 

I will now say a few words about Bunsen as a lecturer. 

Bunsen lectured on general chemistry every morning in the week 
from 8 to 9 in the summer, and from 9 to 10 in the winter semester. 
The lectures were interesting and instructive, not from any striving 
after oratorical effect, or by any display of “ firework experiments, 
but from the originality of both matter and illustration, His exposi- 
tion was clear, and his delivery easy, and every point upon which he 
touched was treated in an original fashion ; no book, of cpurse> was 
used or referred to; indeed, he avoided much consultation of handbooks, 
the only two which I have seen him occasionally turn to for the pur- 
pose of looking up some facts about which he had doubts were **Gmelin** 
and ^^Boscoe and Schorlemmer.” When occasionally one of the ‘ Practi- 
canten' consulted him about a passage in some manual which ap- 
peared defective, he would laughingly remark that most of what is 
written in books is wrong. 

The illustrative lecture experiments, which he invariably performed 
himself, were generally made on a small scale, were often new, always 
strictly relevant to the matter in hand, and never introduced for mere 
sensational effect. He paid much attention to these experiments, 
and after the table had been set in order for the particular lecture by 
the assistant, he would regularly spend half-an-hour, sometimes an 
hour, in convincing himself that all was in readiness and in rehears- 
ing any experiment about the success of which he was not perfectly 
certain. ' 

He used few notes, but it was his habit to write up any numerical 
data in sihall figures on the blackboard, and to refresh his memory 
with these when needed. When I attended the lectures in the early 
fifties, Bunsen used the notation and nomenclature of Bersselius, 
writing water H, and alumina Al^. Later on, he still employed the 
dualistic notation, writing KOSOg, HOSOg, for K 3 SO 4 and 
indeed, I believe that he never adopted our modern formula) or used 
Cannizzaro^s atomic weights, although his determination of the atomic 
heat of indium and his work on caesium and rubidium were amongst 
the most important contributions towards the settlement of those 
weights. 

Bunsen did not enlarge in his lectures on theoretical questions, 
indeed to discuss points of theory was not his habit and not much to 
his liking. His mind was eminently practical ; he often used to say 
properly established was worth more than all 
invent. And yet he did much to establish the 
tur modern theories rest. 


fact 

could. 
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On tl^is point, the following statement, for which I am indebted to 
Dr. Gibson, who worked with Bunsen from 1873 to 1875, is of interest ; 

“ What was impressed ** in Bunsen’s lectures, was not so much the 
theories concerning the elements and their compounds as the salient 
facts. The properties and behaviour of the elements were descxibed 
with a clearness and wealth of experimental illustration that made 
their individuality and characteristics stand out in pi’cminent relief 
compared with which such things as theories and formulae were 
almost lost sight of. At a very early stage of the course, the greater 
part of two lectures was devoted to an analysis of mercuric oxide 
carried out before the class in the most precise and painstaking man- 
ner* The whole was a masterly exposition of analytical method in- 
volving a detailed but most lucid discussion of the various sources of 
error and of the two ways by which accuracy may be arrived at, 
namely, either by reducing these errors to a minimum or by estimat- 
ing them and making the necessary corrections.'^ 

Concerning this side of Bunsen’s character, and on the influence 
exerted by his work on chemical theory, £ cannot do better than quote 
the judgment of Cannizzaro, who, in his eloquent uses the follow- 
ing words : 

** Bunsen did not take any active part in the theoretical disoussions 
which took place during that period of his scientiific career, but he was 
not indifferent to the fundamental arguments of chemical science, 
that is, the atomic weights of the elements and the formula of their 
compounds. Whilst controversy raged, he was silently employed in 
collecting experimental data, and teaching how these can be best ob- 
tained in order to settle all pending questions. This was his true 
mission. And this he fulfilled admirably." 

To this passage, Cannizzarro appends a note which is so characteristic 
both of the writer and of his subject that I venture to quote it : 

** In 1860, whilst I was on my way to attend the Chemical Congress 
at Oarlsruhe, which was convened in the September of that year by 
Weltzien,uWurtz, and Kekuld, I stayed for several days at Heidelberg, 
where I had an opportunity of discussing with Bunsen the questions 
which were to be raised at the Congress, namely, the choice of a system 
of atomic weights of the elements, and of the notation of their com- 
pounds, I found him well informed as to my published views on these 
subjects, which he had discussed with his intimate friend Kopp, He 
was satisfied with the attempt to eBceot an agreement between the 
conclusions drawn from atomic heat, isomorphism, and from the appli- 
cation of Avogadro's theory, but he did not enter soriotrsly into the 
discussion, and in conversation on the subject he immediately rovertcil 
to an enumeration of the new experiments which ought to be made in 
order to settle doubtful points.” 
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2 propos of Bunsen's lectures, I may here relate a story which is 
characteristic of the man. 

Although the motto of ‘‘ Lehr-und Lern-Freiheit ** is that of every 
German University, yet it is obligatory on all candidates for public 
appointments to bring up certificates, signed by the Professor, of 
attendance on specified lectures. Bunsen, considering this a matter of 
form, usually signed “mit ausgezeichnetem Fleiss," without further 
inquiry. On one occasion, however, looking at the applicant, he re- 
marked, Aber Herr Dingskirch ich habe Sie in die Vorlesung gar 
nicht gesehen.^' *'Ja, Herr Geheimerath," replied the student, ‘*ich 
sitze aber immer hinter die Pfeile." Ach da sitzen so viele," was 
the only remark vouchsafed by the Geheimerath, who at once filled in 
the schedule, **mit ausgezeichnetem Fleiss ! 

In conclusion, I may remark that Bunsen's constitution was a vigor- 
ous one, and it carried him fairly well through a long life ; still, con- 
tinuous exposure to the fumes and vitiated air of the laboratory induced 
bronchial troubles, from which in later life he suffered considerably. 
Beyond one sharp attack of peritonitis when travelling with Pagen- 
stecher in the Balearic Islands, I do not think he ever had a serious 
illness. His habits were frugal, the only extravagance in which he 
indulged being his cigars. Of these he consumed a fairly large number, 
always having one or a part of one in his mouth j but as he generally 
allowed^ it to go out many times before he finished smoking it, the time 
it lasted was much above that of the average smoker. 

Although taking no active part in German politics, Bunsen was 
a staunch Liberal j and no one rejoiced more than he on the con« 
summation of the unification of the German people under the headship 
of the Emperor 'William, He was, however, no admirer of Bismarck’s 
regime. On Mitscherlich's death, Bunsen received a very pressing 
invitation to become Mitscherlich's successor in Berlin. On this 
subject, he writes to me: ‘‘Yery liberal offers with regard to Hits*- 
cherlich's professorhip have been made^to me, but I have declined thorn, 
as I did not wish to belong to the regiment of Herr von Bismarck, or 
to start again from the beginning with chemistry, the position of 
which had there fallen so low. In addition to that, they have here 
complied with the wishes which I had before expressed, and have 
offered Kopp a professorship here, besides raising the fund of my 
institute by a thousand gulden." 

In 1889, Bunsen retired from active University life, resigning his 
pi^fessorsj^p, and therefore his official residence, and retiring to a 

Strasse" which he had purchased, 
his days in quiet repose. His chief 
throughout his life in Eteidelherg was to 
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wander with Kirchhoff or Helmholtz or some other of his intimate 
friends through the chestnut woods which cover the hills at the foot 
of which the town lies. As the infirmities of age increased and his 
walking powers diminished, he was obliged to take to driving through 
the woods along the charming roads which intersect the hills in all 
directions. Writing became a difficulty, and in his latter days the 
news of him came to me through our mutual friends Quincke and 
Konigsberger. One of the last letters I received from him is dated 
June 4, 1890 ; 

. I have been suffering for weeks from the after-effects of 
influenza, and I am still so weak that I have to spend my days on the 
sofa, and have scarcely strength to walk the few yards to dinner at 
the Grand Hotel. When I think that next March I enter on my 
eightieth year, I must resign myself to the fact that such a state 
of things is inevitable. My hearing, too, becomes more and more 
difficult and my eyes are worse, so I have to deny myself all social 
intercourse, and only see now and then one of my old friends who 
comes to look me up. But in spite of all this, I can still feel the 
humour of life. This is, unfortunately, not the case with Kopp, who 
has just resigned his chair. He suffers constantly, bub with his 
chronic hypochondriacal temperament he was unable to fulfil his 
professorial duties and feels very unhappy, I hope that in time ho 
will resign himself to the inevitable. ...” 

Few men knew Bunsen so well, or admired him so much as Leo 
Kbnigsberger, the distinguished professor of mathematics at Heidel* 
berg. The following appreciative remarks contained in a letter to 
myself on Bunsen’s mental constitution seem to me so true that I 
make no apology for here quoting them : 

** Bunsen did not possess a mathematical brain in the sense so 
splendidly illustrated in the oases of Maxwell and Kelvin. He had, 
however, a logical mind, enjoying the rational analysis of recognised 
truths, and was thus able, thanks to the wonderful intuitive powor of a 
great scientific man, and thanks also to his aesthetic character, to grasp 
and to understand rather than to explain phenomena, These, there- 
fore, were rendered evident to him, not so much by an exact intellectual 
process, as by the evidence of the senses and by the gratification which 
their perceptiion afforded. Quite otherwise was it with Kirohhoff, as 
he entered frequently and with zest even into unfruitful mathematical 
or philosophical speculations, It was always interesting to listen to 
these two remarkable men dispute about some mathematical, scientific, 
or philosophical subject. Still more interesting was it, however, to watch, 
when he was present, the incomparable Helmholtz looking silotitly mi, 
from his calm Olympian heights, with an appreciative but moaning 
sihil® as the discussion proceeded,” 
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But although Bunsen was not a mathematician as compared with 
the men mentioned above, he not only possessed great mathematical 
ability, but what is more important, the power to apply mathematical 
treatment to chemical problems. He constantly pressed upon all his 
pupils the necessity for a chemist of a thorough training in mathe- 
matics and physics ; indeed, I have heard him exclaim, ** Ein Ohemiker 
der kein Physiker ist, ist gar nichts.*' , 

Bunsen at the time of his death had been for many years our 
senior Foreign Member, having been elected on February 1> 1842, during 
the first session of our Society. It was not till 1858 that he became 
a Foreign Fellow of the Boyal Society. In 1860, the Oopley medal 
was awarded to him, and in 1877 he and Kirchhoffi were presented 
with the Davy medal, being the first occasion of its award, in recogni- 
tion of their researches and discoveries in spectrum analysis. 

With respect to the award of the Davy medal, Bunsen writes to me 
on !I?7ov. 10, 1877, as follows : “My best thanks for your friendly letter 
with the news of the very unexpected distinction which has been 
conferred upon me. I received it almost simultaneously with the 
official announcement from Williamson, and I am indeed quite confused 
by so much kindness from my English friends.^' 

Another English honour conferred upon him was that of the award 
in 1898 of the Albert medal of the Society of Arts given for 
“ distinguished merit in promoting art, manufacture, or commerce/’ 
in recognition of his numerous and most valuable applications of 
chemistry and physics to the arts and to manufactures. 

Almost up to the last Bunsen continued to take a vivid interest in 
the progress of scientific discovery, and though suffering from pain 
and weakness, ever preserved the equanimity which was one of his 
lifelong characteristics. Three da^s before his death, so Quincke 
writes to me, he lay in a peaceful slumber, his countenance exhibiting 
the fine intellectual expression of his best and brightest days. Thus 
passed away, full of days, and full of honours, a man equally beloved 
for his great qualities of heart as he is honoured for those of his fertile 
brain, the memory of whom will always remain green amongst all who 
were fortunate enough to number him amongst their friends. 

[Before commencing the Lecture, Sir Henry Roscoe read the following 
telegram from Dr. Philipp Bunsen of Marburg, the nephew and 
executor of the late Professor. “ On the occasion of the Memorial 
Lecture, the Bunsen family joins sincerely with the illustrious Society 
^d seiids respectful thanks and compliments*”] 
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March 29th, 1900. 

Professor Thorps, LLB., P»E,S., President, in the Chair. 

I have the pleasure to infox^m you on this, the 59th Anniversary 
Meeting, in a phrase which from its constant recurrence may 
well be stereotyped, that the Society continues to grow and prosper. 
The number of our Fellows steadily increases year by year, and 
their communications continue to add, in an increasing degree, to 
the dignity and usefulness of our organisation. As you will glean 
from the detailed statement to be submitted by the Treasurer, our 
financial position is no less satisfactory. 

Our numerical position may be stated as follows ; 

Number of ordinary Fellows on March 29th, 1899 ... 2230 
„ „ reinstated by Council ... i 


„ „ since elected 118 

2362 

Withdrawn 20 

Bemovod on account of non payment of arrears 15 
Deceased 25 


GO 

Number of ordinary Fellows on March 29th, 1900 ... 3292 
Number of Foreign Members on March 29th, 1899 m. SB 
Deceased 5 

Number of Foreign Members on March 29th, 1900,., 33 

The names of those who have withdrawn are.; — Henry Austin 
Appleton ; Howard Barrett ; Claude H, Bater j Richard A. Bush ; 

G, W. Davies ; Alfred George Earl; J. M. Fallon j W. A. Greaves ; 

H, Loft Haller; M. Hokmann ; A. Wentworth Jones ; John Temple 
Lson ; Prosper H. Marsden ; Walter George McMillan ; T. Ormerod ; 
J, E. Skelton; Elward Smith ; Henry J. Staples ; Claude T. V'autin 

The names of those removed are ; — Eugen Blutno ; Rev. J. Camp- 
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bell; J. E. Foakes; Bertram Hunt; H. Hyatt ; J. D. Johnstone; 
0. L. Hennicott ; H. A. Lawrance ; W. J. Martin ; K. P. McElroy ; 
T. G. Nicholson; J. H. Overton; A. B. Potter; John Provis ; J. 
Wright son. 

The names of the deceased Bellows are — Joshua Buchanan; 
Kanny Ball Dey ; J. B. Edwards ; Sir Edward Brankland ; William 
Harkness ; John B. Hodges ; John Elias Hughes ; Eric H. Jackson ; 
Alexander McDougall ; W. Marcet ; Walter Newton ; G. H. Ogston; 
Robert Oxland; R. T. Plimpton ; Henry Charles Reynolds ; J. O. B. 
Richardson ; W. H. Richardson ; Thomas Glazebrook Rylanda ; 
Edward 0. Cortis Stanford ; Sidney Augustus Sworn ; Andrew 
Taylor; William Thorp; Ferdinand Tiemann; David Watson; 
W. Lloyd Williams. 

Obituary notices of a number of these gentlemen have been sup- 
plied to me by the kindness of their friends, and will appear 
subsequently. The passing away, however, of so eminent a mem- 
ber of our body, and of one who played so leading a part in the 
development of chemistry, as Sir Edward Brankland, is no ordinary 
event in the history both of science and of our Society, and demands 
a special reference. The Council have accordingly determined that 
Sir Edward Brankland’s services to our Society and to science shall 
be commemorated in the manner hitherto restricted, with the special 
exception of the case of the late Professor von Hofmann, to our 
Honorary Boreign Members ; and that a Memorial Lecture on the 
life-work of our former President shall be given in the autumn, and 
they have requested his pupil, collaborator, and friend, Professor 
Armstrong, to undertake this duty. 

The names of the deceased Boreign Members are ‘.--Robert Wilhelm 
Bunsen ; Charles Briedel ; Lars Bredrik Nikon ; Carl Briedrioh 
Rammelsberg ; and Peter Waage. 

Bunsen, who was elected a Boreign Member during the first session 
of the Society, namely, as far back as February 1st, 1842, and who was 
long the do^jen on the list, died on August 16th, 1899, in his 89th 
year. His friend and former pupil, Sir Honi'y Ros< 40 o, a past Prtmi - 
dent of the Society, than whom no one is better qualified for such a 
duty, has undertaken, at the request of the Council, to c.ommemorato 
the signal services which our illustrious Foreign Member rendered to 
physical science, and, as the Fellows are already aware, the Memorial 
Lecture will be given to-night. 

Charles Briedel, Member of the Institute and Professor of Chem- 
istry in the Sorbonne, who was elected a Foreign Member of our 
^iety onMay 18th, 1876, died on April 20th, 1899, at the age of 
sixty-seven. His friend and co-worker, Professor J. M. Crafts, of 
the Massachusetts Institute of Technology, and a Bellow of this 
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Society, has kii.dly responded to the invitatiorii of the Council to pre- 
pare a Memorial Lecture on our deceased colleague, and in a letter 
just received from him ho holds out the hope that he may bo able to 
deliver it in person on some day in the latter half of June next* 

Lars Fredrik Nilson, Professor of Agricultural Chemistry in the 
Kongl. Landtbruks-Akademien, Stockholm, and formerly Professor 
of Analytical Chemistry in the University of Upsala, whose name 
is specially connected with the chemistry of the so-called rare earths, 
and who was elected a Foreign Member of this Society on February 2nd, 
1888, died on May 14th, 1899, in his 69th year* Professor Otto 
Pettersson, of the Free University of Stockholm, who was associated 
with KTilson in much of his work in pure chemistry, has undertaken, 
in compliance with the wish of the Council, to give the Society an 
account of the many services which his friend rendered to chemistry, 
and he hopes to be able to visit London for this purpose in the first 
week of July next. 

Carl Friedrich Bammelsberg, 6eh. Beg.-JEtath., and Emeritus Pro- 
fessor of Inorganic Chemistry in the University of Berlin, who was 
elected a Foreign Member of this Society on May 3rd, 1866, died 
on December 28th, 1899, in his 87th year. Professor H. A. Miers, 
of Magdalen College, Oxford, and a Fellow of this Society, has kindly 
acceded to the wish of the Council to prepare a Memorial Lecture on 
the lifework of the veteran mineralogical chemist, who was born only 
a year or two after Wollaston, first described the reflecting goniometer, 
and of which no one has made a greater use than our deceased colleague. 
Professor Miers hopes to be able to deliver his Lecture to the Society 
in December next, 

Peter Waage, Professor of Chemistry in the University of Christiania, 
and whose name is known to all here in connection with his studios 
in chemical aflGinity, made in association with his colleague Professor 
Guldberg, died on January 13th of this year. He was elected a 
Foreign Member of our Society on January 20th, 1898. Our Vice- 
President, Professor Ramsay, has kindly supplied an account of his 
work, which will be found among the obituary notices* 

Since the last Anniversary, 176 communications have been made to 
the Society, a number greater than in any preceding year. In char- 
acter, variety, and importance, they compare not unfavourably with 
the contributions of any former period. Abstracts of all of those 
have appeared in the Proceedings, and 83 have already been published 
in the Transactions. The volume of Transactions for 1899 contains 
120 memoirs, occupying 1166 pages ; in the preceding year 102 papers 
were published, occupying 1038 pages. 

The increasing mass of literature thus to be dealt with is a matter 
of much concern to the Publication Committee, and our annual volume 
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threatens to assume unwieldy proportions! Authors for the moat 
part show a praiseworthy desire to express themselves as concisely as 
possible. At the same time, there is occasional room for improvement 
in this respect, and one of the most difficult and invidious tasks of a 
long-suffering Editor is to induce contributors to effect such a degree 
of condensation as will enhance the strength and quality of their com- 
munications. I may also be pardoned for pointing out that much trouble 
and expense would be saved to the Society if authors would cause their 
communications to be type- written, or at least fair-copied, and the accom- 
panying illustrations to be so prepared as to obviate the necessity of 
redrawing them for “ process ” reproduction. I may further hint 
that it would conduce to uniformity, and not unfrequently to intelligi- 
bility, if authors would conform, as far as practicable, to the system of 
nomenclature and notation prescribed for use in the Abstracts, This 
system has recently been fully reconsidered by the Publication Com- 
mittee with the friendly co-operation of a large number of the more 
active workers of the Society, and the revised Begulations will appear 
in the forthcoming Supplementary BTumher. The Editor is, I am sure, 
always ready to consider the sensitive feelings of the conscientious 
objector*^ j but there are latitudinarians in chemistry as in other 
spheres of intellectual activity, and to such a word in season may not 
come amiss. 

The volumes for 1899 contain 3,617 Abstracts of papers published 
mainly in Continental journals, occupying 1,79,6 pages, arranged as 
follows : 

Part 1. 

Pages. No. of Abatraot#, 


Organic Chemistry , ; 968 1477 

Part IL 

General and Physical Chemistry 431 

Inorganic Chemistry 417 

Mineralogical Chemistry 1 1 

Physiological Chemistry 336 

Chemistry of Vegetable Physiology and Agri- 
culture 344 

Analytical Chemistry (511 

838 2140 

Total in Parts 1 and II 1796 3617 


The number of papers dealt with in 1890 is 701 more than in the 
preceding year. I am pleased to be able to state that all arrears in 
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abstracting have at length been overtaken. The Fellows may now 
count upon having the monthly of contemporary chemical litera- 

ture brought to their attention as quickly as it is possible to furnish it. 

It will have been observed also that the Editor has succeeded in 
issuing the Journal somewhat earlier in the month than has hitherto 
been thought possible. 

The question of co-operation with other English-speaking Chemical 
Societies in the preparation of abstracts of foreign chemical literature 
was referred to in the last Presidential Address. But, although the 
matter has been considei-ed, the Committee appointed to deal with this 
question has not yet reported. The subject is surrounded with con- 
siderable diflSicul ties : in the words of my predecessor, It would be 
unwise to ignore the grave consequences to the financial position of 
the Society which might result from any too precipitate change in the 
method of publication of the Abstracts.’^ 

637 copies of> the 1883—92 Index and 317 of the 1873—82 Index 
were issued to Foreign Members, Institutions, and to those Fellows 
who, being entitled to a free grant of them, had made application 
within the prescribed period. 665 of these applications had been 
received, of which 43 were those of Fellows resident abroad. 

The work of compilation of the Collective Index showed the neces- 
sity of indexing the annual volumes in a more systematic and consis- 
tent manner than had been done in the past. For the last four years, 
the work of indexing the annual volumes has been done by a special 
staff of indexers under the direction of the Sub-Editor, This plan 
has worked well as regards uniformity and consistency, but, unfor- 
tunately, it has not been possible, by means of it, to bring out the 
Annual Index with that promptitude which is desirable. The Index 
Committee has, therefore, suggested to the Council the propriety of 
entrusting the work of indexing to one person to be responsible, under 
the direction of the Editor, for the preparation and speedy publication 
of the work. The Council has adopted the suggestion, and sanctioned, 
the employment, on this work, of Mrs, Dougal, who is already favour- 
ably known to the Fellows for the excellent service she rendered the 
Society in editing the Collective Indexes of its publications since 1873. 

The Fellows are doubtless aware the Society stocks a certain number 
of its publications, and the question of the custody and supply of back 
numbers has received attention. During the recess, the room in which 
these are stored has been rearranged and made more convenient of 
access. As will have been gathered from a special notice issued with the 
Proceedings, a limited number of sets of the Memoirs and Proceedings 
of 1841 — 7, of the Quarterly Journal 1849—62, and of the First 
Series of the Journal from 1863 onwards are now on sale. 

1 am glad to be able to report that the Follows show an increasing 
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desire to use the library, 790 books having been borrowed as against 
727 last year. Under the rigirm of a more generously disposed 
Treasurer, there has been a considerable addition of books, periodicals, 
and pamphlets to the library, namely, lU books, 397 volumes of 
periodicals, and 27 pamphlets, as against 67 books, 286 volumes of 
periodicals, and 24 pamphlets last year. I can only express a hope 
that during this period of acute depression in the publishing world 
the quality of the added literature is at least commensurate with the 
increase in its quantity. 

The condition of the Library Catalogue has long required attention, 
and my predecessor in his Address last year made reference to the de- 
sirability of revising it. There have been five catalogues since the 
library was founded in 1850, namely, the first in 1851, the second in 
1861, the third in 1869, the fourth in 1874, and the fifth in 1886. 
The Council has directed a new catalogue to be prepared according to 
a scheme drawn up by the Library Committee, and the work is well 
advanced under the direction of Mr. Sfceele, assisted by Mias Morfee, 
Three meetings of the Research Fund Committee have been held 
during the last twelve months, and grants amounting to £192 have 
been made in aid of chemical investigation. We are now beginning 
to feel the benefit of Mr. Tustin's generosity in the increased sum at 
our disposal for distribution. This year it falls to my happy lot to 
award the medal which is associated with the name of one of the 
most munificent* patrons of the Research Fund. On the unanimous 
recommendation of the Committee, adopted with equal unanimity by 
the Council, it has been decided to award the Longstaff Medal to Ur. 
W. H. Perkin, junior, F.R.S., Professor of Organic Chemistry in the 
Owens College, Manchester, whose name worthily follows, after an 
interval of twelve years, that of Ur. W. H, Perkin, senior, on the 
list of the recipients of the highest award which it is in the power of 
the Society to bestow on its Fellows. 

Ur. Perkin, it gives me a special pleasure to ask you, on behalf 
of the Chemical Society, to transmit this medal to your son, 
Professor W. H. Perkin, who, to our great regret, is unable to 
be here to receive it in person. The Longstall Medal has been 
awarded to him for his researches on closed chain compounds of 
the trimethylene and similar series, and for his recent important 
syntheses of camphor derivatives. 

The Council desire, in making this award, to indicate how 


highly they regard the contributions with which he has enriched 
Transactions. Under his stimulating influence, the chemical 


of the Owens College, and especially that section of 
immediate, direction, continues, as of old, to 
valuable memoirs to English chemical 
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literature. They trust that this activity m ly long bejuiaiutaiued, 
and that our Society may continue, as in the past, to enjoy the 
credit and distinction of disseminating the results of the inquiries 
to which his fruitful ideas give rise, 

During the long vacation, the building has been thoroughly cleaned 
and redecorated, and by the kindness of the Office of Works certain 
much needed improvements in our lavatory accommodation and in the 
sanitary arrangements of the building have been ejected. 

The accommodation at the disposal of the Society is, however, a 
matter of growing concern. Our Meeting Room seats no more than 
157 persons in spite of the increased space which was gained as 
the results of the alterations in 1892. This is altogether incom- 
mensurate with our present numerical strength, and, as the Fellows 
well know, considerable inconvenience is occasionally felt owing to 
the impossibility of finding room for those who wish to attend the 
meetings. Our collection of books is gradually overspreading into 
every room we possess, and such conveniences as we have for the 
discharge of our official business and for the custody of our official 
records are greatly curtailed by the increasing ^inadequacy of our 
space. 

We are indebted to several of our Fellows for additions to the 
artistic possessions of the Society. Dr, Debus has presented us with 
a striking bust of Humphry Davy, a oast of one modelled during his 
lifetime by Miss Moore* In accordance with the donor’s wishes, this 
bust now appears in our Meeting Boom. On the recommendation of 
Mr. Thomas Armstrong, O.B., formerly the Art Director of the 
Science and Art Department, who was much impressed with the 
artistic quality of Miss Moore’s work, this bust has been copied by 
Miss Levick, with certain adaptations taken from Sir Thomas 
Lawrence’s well-known portrait in the possession of tlie Boyal Bociety, 
and has been reproduced in bronze. The reproduction, together with 
its pedestal, has been given by our colleague, Dr. Messel. Wo also 
owe to the kindness of Dr. Atkinson a medallion of Wohler executed 
in electrotype by our former President, Dr. Hugo Miillor. Sir Henry 
Boscoo has given to us some interesting mementos of his association 
with the great man whose scientific labour ho is to commemorate 
to-night. 

The Society has had the agreeable duty of congratulating Sir George 
Gabriel Stokes on his Jubilee as Lucasian Professor of mathomatics 
in the University of Cambridge, and I was deputed by the Council to 
prepare and present an address, of which the text has already appoarod 
in the Proceedings. In acknowledgment, the University of Cambridge 
has forwarded to the Society a copy of the medal, bearing a portrait 
von. Lxxvu. 
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of Sir George Stokes, which was struck in commemoration of this 
happy event. 

We have also had the pleasure of felicitating two of the most 
eminent of our JForeign Members on the attainment of the 25th 
anniversary of their doctorate, namely, Professor Emil Fischer, and 
Professor van't HofiE, both of the University of Berlin, 

Although Century-summaries run a risk of being regarded as flat, 
stale, and unprofitable, I have ventured to think that it would not be 
uninteresting or altogether unuseful if, at this time, I sought to indicate 
in the broadest possible outline what our countrymen have done 
during the past hundred years in gaining and extending knowledge 
within the special province of intellectual activity with which we, as a 
Society, primarily concern ourselvea 

In examining the century's accounts, we naturally inquire into the 
nature of the balance with which it started. How much better it 
was felt to be than at the corresponding period of the eighteenth 
century may be gleaned from the circumstance that the Council of 
the Eoyal ^ciety — actually the contemporaries of Newton — entered 
upon 1701 with the complaint, more petulant than dignified, that 
*Hhe discouraging neglect of the great, the impetuous contradiction of 
the ignorant, and the reproaches of the unreasonable, had unhappily 
thwarted them in their design to perpetuate a succession of useful 
inventions." During the years that followed, the achievements of 
Newton's successors, Franklin, Dollond, Maskelyne, Canton, Priestley? 
Hunter, made the Fellows feel that they were not wholly dependent 
upon the patronage of the great, although, as the battle oyer the light- 
ning conductors too plainly showed, they were not altogether unmind- 
ful of the frowns and reproaches of the ignorant and unreasonable. 

Let us then try to realise what was the state of things, so far as it 
may be thought to affect Chemistry and its pursuit, in the year 1800. 
To begin with, the population of these isles was less than half of what 
it now is. London contained only about 800,000 persons, and I need 
hardly say that the whole social and economic conditions of the people 
were vastly different from what they are to-day. In one respect, 
at least, the circumstances of this and that time were alike — we were 
at war. But the condition of the nation now is halcyon compared 
^ with what it was in 1800. England was then in such straits as she 
never was before. Her very existence as a nation was at stake. The 
harvest over a great part of the country had failed. Corn was up- 
w^ds of £9 a quarter, and famine and pestilence brooded over the 
Whilst Napoleon's attempt at invasion had roused the nation 
and stubborn resistance, the governing classes were torn 
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asunder by party faction and seemingly more eager to secure political 
supremacy than to devise means to resist the common enemy. 

Under such untoward conditions, it might well be supposed that 
science would languish and decay. Such, however, was not the case. 
It is a singular fact, and the circumstance is not peculiar to our own 
history, that it is precisely during the lean years — during periods of 
national stress and strain — that some of our greatest intellectual 
triumphs have been won. In the history of Science, and especially of 
Chemistry, France was never more glorious than during the turmoil 
which preceded and followed the Beign of Terror, and in our own 
case never were such chemical triumphs achieved as during the gloomy 
period covering the dying years of the last century and the opening 
years of that which is now drawing to its close. 

What, then, was the condition of chemical science in Great 
Britain in the year 1800? Who were its cultivators and what were 
they doing ? Black had died in the preceding November ; Priestley, 
who had suffered the slings and arrows of outrageous fortune in 
vainly buffeting with the times, had been settled some six years on the 
banks of the Susquehanna, occupying himself with his beloved theology 
and in futile efforts to resuscitate the dying doctrine of phlogiston. 
For, in 1800, phlogistonism had only been scotched in this country. 
Mr. Richard Kir wan, President of the Royal Irish Academy and 
Inspector-General of his Majesty^s Mines in the Kingdom of Ireland, 
had, it is true, some years previously tried conclusions with the 
French chemists in his Esmy on PhlogiBlon, which had been translated 
by Mmo. Lavoisier, in order to be refuted, point by point, by Lavoisier, 
Morveau, Laplace, Monge, Berthollet and Fourcroy. The new theory 
was, in fact, indebted to this opposition for some of the strongest 
proofs on which it is founded. The nimble-witted Irishman found he 
was no match for this formidable battalion. He confessed himself 
vanquished, and, as he wrote to Berthollet, laid down his arms. 
Rather, he might have said, ho went over to the enemy, .for during 
the few years of activity which remained to him ho preached the new 
doctrine with all the zeal of the convert, albeit a little restive at times 
under the tyranny of the nomenclature it imposed upon the chemical 
world. National prejudice, and the authority of Priestley and 
Cavendish no doubt retarded its general adoption in this country. 
Cavendish, at the close of the last century, was in his 69th year ; he 
had ceased to engage in chemical inquiry, although still keenly in- 
terested in its progress, James Watt, who played so notable a part in 
the events which led to the discovery of the composition of water, ami 
younger by some ffve years than his quondam rival, was no longer 
actively occupied with chemical speculation, Wollaston, m dis- 
passionate and hardly less reserved than Cavendish, was in his 34ih 

R li % 
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y^ 2 i)Tf struggling to got together the medica.1 proiCtice which his singu- 
larly cold and taciturn manner forbade him to expect. John Dalton^ 
also in his 34th year, had just resigned his post as tutor at the 
Manchester Academy, where, as the Trustees were pleased to report, 
‘‘ he had uniformly acquitted himself to their entire satisfaction in the 
province of mathematics, natural philosophy, and chemistry,^ ^ on the 
spacious salary of £80 a year, and was now looking out for pupils in 
those branches of learning at the rate of two shillings a lesson. 
Thomas Thomson was 27 ; Andrew Ure, of dictionary fame, was 22— 
the same age as Humphry Davy, who was still at the Bristol Pneu- 
matic Institute, where he had published his Besearches, Chemical and 
Philosophical, chiefly concerning Hitrous Oxide/^ William Thomas 
Brande was a lad of 12 ; and little Michael Paraday, a child of 8, 
who lived in a mews near Manchester Square, keeping body and 
soul together on the weekly loaf he got from public charity and 
whiling away his leisure in playing marbles in Spanish Place. 

Of course, the results of the more important chemical investigations 
of the period were laid before the Boyal Society, and were published in 
the Philosophical Transactions^ and subsequently in Nicholson* s Journal 
or TiUoch*8 Philosophical Magaidm, The Society at that time was, 
and had been for the previous 22 years, under the benevolent despotism 
of Sir Joseph Banks. The other officers were Wegg, Planta, Gray, 
and Layard. The meetings were held in the evening at 8 o'clock, 
and, of course, for the most part by candle-light, in one of the 
large rooms in Somerset House, or Somerset Place as it was then 
termed. The Society had moved, in 1780, from Crane Court into 
apartments provided for them by the munificence of their patron, 
George III., and the sKll of his architect, Sir William Chambers, 
which habitation, in the language of the Council, **it was hoped 
would confer on them an external splendour in some measure pro- 
portional to the , consideration in which they had been held for 
more than a century." Hard by was the Crown and Anchor 
Tavern, where the Boyal Society Club held its pious orgies ; the 
expense of the dinner was limited to five shillings, and black 
puddings were a standing dish. It is evident that the drowsy 
philosophers did no violence to their digestion by a too prolonged 
attention to the intellectual fare of the evening, for oven a compara- 
tively short communication not unfrequently occupied two if not 
three sittmgs. The President, when in town, lived in the then 
fashionable neighbourhood of Soho Square. Cavendish's town house 
wa& at the Corner of Montague Place and Gower Street, and from 
might be descried, in a faded violet court dress, frilled shirt 
a great-coat of greyish-green, and a three- 
cocked hat over his knocker-tailed periwig, slouching along, 
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one hand behind his back, on the way to his library in Dean Street, 
Soho. Wollaston lived in Hunter Street, Brunswick Square, and 
subsequently in Dorset Street, Manchester Square ; Smithson Tennant 
oscillated between his farm at Cheddar and his chambers in the 
Temple ; and Charles Hatchett resided in the rural district of 
Hammersmith. Other notable chemical workers at this period were 
William Henry, of Manchester, William Haseldine Pepys, and Richard 
Ohenevix. 

There were, of course, other publishing agencies at work, with aims 
similar to those of the Royal Society, such as the Royal Society of 
Edinburgh, which grew out of a Society founded in 1731 by the lead- 
ing medical men of that city j and the Royal Irish Academy, founded 
in 1782, and of which Kir wan was President for some years. Many 
of the provincial towns, too, had their Literary and Philosophical 
Societies, but with the exception of that at Manchester, to which the 
Henrys and Dalton were frequent contributors, their Proceedings and 
Transactions contain few important chemical memoirs during the first 
years of the century. 

Theoretical chemistry was taught in the Universities, and in some 
of them, following the example set by Black, by means of experimental 
courses of lectures. At Oxford, there had been Beddoes, but his 
political opinions were distasteful to the University, and he had re- 
signed. At Cambridge, there were E. J*. Wollaston and Parish. 
Hope, who first made known the existence of strontia, lectured at 
Edinburgh ; Robert Oleghorn at Glasgow ; and Dr. French, who is 
credited with the saying that Humphry Davy was a verra trouble- 
some person in chemistry,’* taught at Aberdeen. Moreover, almost 
every large town had one or more teachers — men of the type of 
Varley, Garnett, and Aikin — who gave lessons at their private 
houses. Faraday relates how, during his bookbinding days, his 
master allowed him to go occasionally of an evening to hear the 
lectures delivered by Mr. Tatum, at his house in Dorset Street, of 
which he obtained knowledge by bills in the streets and shop windows. 
The hour was eight o’clock in the evening, and the charge was one 
shilling. More ambitious or more self-important people than Mr. 
Tatum announced their prospective courses among the of 

of Tilloch’s or Hicholson’s Magazines. Thus, Dr*, BeddooB informs 
the world that his Lectures are to be calculated for both sexes and 
different ages ; and that there may bo little chance of exclusion by 
reason of narrow circumstances, the subscription is fixed at oxxo 
guinea ; but unless fifty persons shall have entered their names by the 
Slat of March, the Lectures will not go on, as without a tolerably 
numerous audience, Dr. B. thinks he could bestow his time in a 
manner more advantageous to the public.” 
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The principal manuals of the time were Kerr’s translation of 
Lavoisier’^ Elements” ; Ohaptal’s ‘‘Elements/’ the standard text-book 
on applied chemistry ; Parkinson's “ Chemical Pocket-book or Memo- 
randa Ohemica ” ; Heron's “ Elements " i Brissoh's “ Physical 
Principles of Chemistry ” ; Accum's “ System of Theoretical and 
Practical Chemistry ” ; and Marcet's “ Conversations/* 

The first two decades of this century are -unquestionably the most 
momentous and the most brilliant of any period in the history of 
chemistry in our country. They witnessed the establishment of the 
fundamental laws of chemical combination and the atomic theory ; 
the discovery of the so-called gaseous laws and of the real nature of 
the atmosphere ; the application of voltaic electricity as an analytic 
agent ; the isolation of the metals of the alkalis and of the alkaline 
earths ; the determination of the chemical nature of the halogens ; and 
in the discovery of tantalum, palladium, iridium, osmium, and rhod- 
ium a considerable addition to the list of the metallic elements. 
These, in 1802, were only 23 in number, as against about 60 at the 
present time. 

A number of new compounds were brought to light or identified 
during the same period — such as fulminating mercury and fulminat- 
ing silver, carbonic oxide, acetylene, phosgene gas — for the most part 
substances deemed at the time of their discovery to be merely chemi- 
cal curiosities, incapable from their very nature of being turned to 
useful account, but all of which are now of important practical appli- 
cation. The same period witnessed the invention of the reflecting 
goniometer and of the miner's safety lamp* It saw the establish- 
ment of gas lighting, and with it the creation of an industry which 
has exercised a profound effect on the development of the chemical 
arts* It saw, too, the first attempt to control, by the aid of chemical, 
analysis, the hygienic character of the drinking water supplied to a 
large community* The statement, in 1808, of Dr. Andrew tiro, who 
became Professor of Chemistry in Anderson's College in 1818, that 
the water from the wells in Glasgow, which were then the chief 
sources of supply, contained “ a surprising quantity of heterogonemis 
matters in solution/' paved the way for the action of Telford and 
Bobertson Buchanan in bringing in “the inexhaustible supply from 
the river Clyde by means of pipes and steam engines.” In the 
FhUosopMcal Magazine for 1808 we read that this, was the first 
occasion on which the whole of a public supply was filtered “ by means 

reservoirs constructed for the purpose This salutary process 

. is efieeted by making the water filter through sand and gravel from 
which it is first elevated by the steam engine 
-V ^ r^ervom posited a little lower and from which the con- 

veying^pi^ r^ive their supply.” It is not often that Glasgow i 
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willing to take a lesson from Paisley, but it is interesting to read that 
a Paisley ^ buddy ' first practised the filtration of water intended for 
public supply, and it is satisfactory to learn further that “ this public 
spirited adventurer was amply remunerated for his expenditure/^ 

The promulgation of the atomic theory and the importation of the 
ideas of constancy of chemical composition and of definite mimerical 
ratio gave an immediate impetus to analytical chemistry, of which the 
operations were at length seen to be subject to a numerical check and 
control hitherto unknown and barely suspected. Whilst the i^efiecting 
goniometer, on the one hand, served to define the geometrical form of a 
substance and to establish the constancy of that form with a precision 
unattainable by the graphometer of Carangeau, the balance, on the 
other, rendered more and more perfect, in response to the demands of 
the chemist upon the mechanician, in order to satisfy the conditions 
imposed by the fundamental laws of Dalton’s hypothesis, served to 
determine its exact atomic composition. The first use to which 
Wollaston, in 1810, put his reflecting goniometer was to measure with 
exactitude the primary angles of calcspar, the composition of which 
had been accurately ascertained by Richard Phillips in 1803. A 
number of compounds indeed had their real nature and composition 
established during this period, and in the light of the atomic theory. 
In fact, the memoir by Thomson on the Oxalates {Phil Tmm^^ 1808), 
and that by Wollaston On super-acid and sub-acid Salts ” {Phil 
Tmn$.^ 1808), were of the greatest service as proving the validity of 
Dalton’s theory of chemical combination. Smithson Tennant analysed 
emery j Hatchett ascertained the composition of magnetic pyrites ; 
Ohenovix that of the arseniates of copper and iron, and of bournonite ; 
Thomson that of sodalite, fiuorspai', and allanite.^ Edward Clarke, 
of Cambridge, analysed petalite, gehlonite, the purple of Cassius, and 
examined the newly-discovered metal cadmium and its salts. 

It would be impossible to exaggerate the influence which the dis- 
coveries of the first twenty years of the century exerted on the spirit 
of the age. They seemed, indeed, to presage a new ora-— the coming 
of a glorious day of which the dawn had already begun. No gene- 
ralisation was more opportune in its annouiucoment than that of 
Dalton ; it was indeed, to use the common phrase, ** in the air ” ; the 
teaching of a long succession of philosophers and the experimental 
labours of many workers had paved the way for its acceptance, and it 
is practically certain that had Dalton not formulated it Wollaston or 
Beraselius would have done so. As it was, each of those distinguished 
men was almost immediately able to supply the strongest experi- 
mental proof of its soundness. Wollaston, from the outset, was well 

* Allanite, in addition to coriiim, contaiuod, an liu aupposod, a now laetul which 
h© proposed to distinguish by the warn© of **jiinoniuin/^ 
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aware of the limitations of Dalton's explanation of the facts of 
chemical combination j and he recognised that tho arithmetical relation 
alone of the proportions of elementary atoms is insufficient to explain 
their mutual action. As he says, wo sliall bo obliged to acquire a 
geometrical conception of their relative arrangement in all tho throe 
dimensions of solid extension.” How Berzelius received tho news of 
Dalton's discovery he has himself related in his memorable paper in 
Gilbert's Journal. This view of the combinations of bodies, he say% 
appeared capable of illustrating so greatly the doctrine of affinity, 
that the confirmation of Dalton's hypothesis seemed to be the greatest 
step thafc chemistry, as a science, would have made during the whole 
time of its existence.” How it was confirmed by Berzelius it is not 
necessary here to state, nor need we sot out in detail how the whole 
course of modern chemistry, however complex and many-sidod it may 
seem, is really one vast elaboration of the atomic theory: in fact, as 
Liebig has said, all our ideas aro so interwoven with that theory that it is 
difficult to carry ourselves back to the time when it did not exist. Dal bon 
was the first recipient of one of tho Boyal medals which tho Boveroign, 
on the recommendation of the Boyal Society, annually bestows, and no 
more just award was ever made. Davy, in making known, as ho said, 
this first testimony of royal benevolence to science,” stated that this 
discovery of the simple principle, universally applicable to tho facta of 
chemistry, laid the foundations for future labours respecting the 
sublime and transcendental parts of tho science of corpuscular motion* 
Dalton's merit, in this respect, resembles that of Kepler in astronomy. 
“ The causes of chemical change are as yet unknown, and the laws by 
which they are governed ; but in their connection with electrical and 
magnetic phenomena, there is a gleam of light pointing to a new dawn 
in science ; and may we not hope that in another century, chemistry 
having, as it were, passed under the dominion of tho mathematical 
sciences, may find some happy genius, similar in intollecttinl pow(U’H to 
the highest and immortal ornament of this Society, capable of unfold- 
ing its wonderful and mysterious laws.” 

Yolta's famous letter of March 20lli, 1800, to Sir JoHopli Banks, 
was as tho * order of the day ' of a groat loader. NTo more momontotis 
document was ever givon to tho scientific world. Tho voltaic bat-* 
tery,” said Davy, in ono of his characteristically happy phrases, ** was 
as an alarm-bell to experimenters in every part of liuropo ; and it 
served no less for demonstrating now proportios in electricity, and for 
esbablishing the laws of this scionce, than as an instrument of dis- 
covery in other branches of knowledge; oxhibiUng relations between 
^ subjects before apparently without connection, and serving as a bond 
of unity between chemical and physical philosophy.” 

It is not necessary here to dilate upon what this instrument of 
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discovery in the hands of our countrymen has 4one for the develop- 
ment of chemistry. April 30th, 1800, when Nicholson and Carlisle 
first effected the decomposition of water by electrolysis, is a rod-letter 
day in the history of our science. The Trmsactiom of the Royal 
MchoUon^s Joumalf and the PhilosophiGal Magmim in the first years 
of the century show with what ardour and with what a lively expect* 
anoy the new galvanic apparatus of Mr. Volta was applied.^ 
Although even as far into the century as the date of Waterloo, the 
theory of the compoundj nature of water was regarded by some as 
nothing more than a fanciful conjecture ” and ** a bare assertion 
without any proof whatever,” there can be no question that Nicholson 
and Carlisle's discovery was of the greatest service in affording what 
was then, and long subsequently, looked upon as one of the strongest 
analytical proofs of the validity of the fact But in their effect \ipon 
the popular imagination, these discoveries altogether paled before that 
of Davy. The isolation of potassium is, in reality, one of the fiiost 
dramatic episodes of an epoch fruitful in striking incidents. The 
remarkable nature of the substance itself, its intense chemical activity, 
its significant chemical relationships, and the astonishing and far 
reaching possibilities which its very existence seemed to open out, 
were all calculated to impress the minds of virtuosi and vulgar alike. 
Davy’s triumph, indeed, was regarded as the realisation of a confident 
anticipation that the moat important discoveries in chemistry were 
about to be made by the help of galvanism — ^an anticipation which 
found expression in almost every issue of the scientific journals of the 
time. There is little wonder, therefore, that a succession of scientific 
events of such magnitude m those which characterised the opening 
years of this century should have powerfully excited the imaginations 
of all cultured persons, and that optimists in every country, under the 
sway of ideas which made up the social and political philosophy of the 
time, should look forward in sure and certain hope to the immediate 
advent of a new era — to the coming of a regenerated humanity in a 
golden age. Thus Ohristophor Girtannor, of Qottingon, whose name 
lives only in connection with the fact that he was the firsti German 
chemist to appreciate and teach the new doctrines of the French 
School, was convincod that in the 10th century the transmutation 
of the metals would be generally known and practised. Every 
chemist,” he says, ** every artist, will make gold ; kitchen utensilH 
will be of silver, and oven gold . . , There will bo no other riches 
than natural riches «the productions of tho soil ; artificial riches, 

* This at the time was iisually oonstruotod of plates of silvtiv aud xiue, with 
intorvening pieces of cloth. ** Most of our philosophers/' wo arc told, ** have usiul 
half-crowns for tho silvor plates,” and isinc could be bought at Hd, insf lb. at tho 

White Lion in Poster Lane, and cast in moulds of challi, 
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sucli as gold, silver, and paper money, will vanisli in the hands of 
those who have accumulated them. What a revolution in society 1 
Every enlightened chemist, however, will agree with me that this 
revolution is not only probable, but at no great distance.*^ Unhappily 
for Dr. Girtanner's reputation as a prophet, the social revolution he 
foretold may not be reckoned among the achievements of the 19th 
century. Enlightened chemists still appear to have an eye to artificial 
riches, not scorning even paper money ; and although, unfortunately, 
the precious metals do occasionally vanish in our hands, it is not 
because we convert them into kitchen utensils. 

Even the sober-minded Faraday was not insensible to the visions 
thus created. In the course of bis lectures on the metals, given in 
1818 to the City Philosophical Society, he says, '‘to decompose the 
metals, then to reform them, to change them from one to another, and 
to realise the once absurd notion of transmutation, are the problems 
now given to the chemist for solution. Let none start at the difiicult 
task, and think the means far beyond them. X^et us but look to the 
means which have given us those bodies, and to their gradual develop- 
ment, and we shall then gain confidence to hope for new and effective 
powers for their removal from the elementary ranks. . . . Consider 
the improvement when, by a variety of manipulations, the early 
chemist of the last century separated a small quantity of a metallic 
substance from five or six other bodies, where it existed in strong 
combination, and then passed to the perfection of these means as 
exhibited in the admirable researches of Tennant and ^Wollaston ; 
lastly, glance but at the new, the extraordinary powers which the 
chemist of our own nation put in action so successfully for the 
reduction of the alkalies and earths, and you will then no longer doubt 
that powers still progressive and advanced may exist and put at some 
favourable moment the bases of the metals in our hands.*' 

It is interesting to note that even as far back as 1806 an effort was 
made to form a Chemical Society independent of the Hoyal Society, 
to be called the London Chemical Society, but it received scant en- 
couragement from persons in high places, and few chemists of note 
joined its ranks. Sir Joseph Banks, ixideod, frowned down upon all 
such attempts. " I see plainly," ho once said, that all those new- 
fangled associations will finally dismantle tho Boyal Society, and 
not leave the old lady a rag to cover her." And the frown of the 
masterful old President meant social ostracism to all who chose to 
unlike his predecessor, Sir John Pringle, who, on 
le occasion, confessed to George HI. that he was 
the laws and operations of nature, and was then 
l^ign, Banks, if he could. not reverse, could at 
a natural tendency, and with the aid of 


But, 
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Wollaston, Davy, Hatchett, and Brando ho managed to koop chetnistry 
for a time almost exclusively under the cloak of ‘‘ tho old lady/’ 

Priestley died on February 9th, 1804* x\.lthough ho lived long 
enough to have read of Dalton's explanation of the laws of chomicnl 
combination, as explained in Thomson's ** Bystem," and although ho must 
have heard of the electrolytic decomposition of water by Niidmkon and 
Carlisle in 1800, nothing apparently could shako his conviction of the 
essential and inherent truth of the conception of phlogiston. Tiio 
last of his published widtings was his memoir on ** Tho Doctrine of 
Phlogiston established, and that of tho Composition of Water refuted." 
Tolerant and receptive as he was in all other matters of opinion, and 
especially in matters of religious belief, ho seemed utterly incapable 
of appreciating the real significance of the rapidly accumulating mass 
of facts, or of drawing any correct inferences from them. 

Cavendish, le plus riche de tons les savans et probablement aussi le 
plus savant de tons les riches," died in 1810. His work belongs to a 
preceding age, for on the downfall of phlogistoniam he had ceased to 
occupy himself with chemical pursuits, and it must ever remain doubt- 
ful how far he gave in his adhesion to the now doctrine to which his 
own cardinal discovery so largely contributed. 

In the year 1816 appeared in Thomson's Annuls of PhiloBOpk^ 
(0, 321) an anonymous essay *<On the Eolation between tho 
Specific Gravities of Bodies in their Gaseous State and tho Weights of 
their Atoms," which the author states he submits to the public with 
the greatest diffidence ] for, although he has taken tho utmost pains 
to arrive at the truth, yet ho has not that confidenco in his abilities 
as an experimentalist as to indxico him to dictate to others far superior 
to himself in chemical acquirements and fame." With this modest 
preamble the author proceeds to discuss certain consotiuencos which 
seem to him to follow h*om the doctrine of volumes as first genornlised 
by Gay Lussao. The paper is remarkable, in spite of its errors and 
crudities, for its originality and lucidity. Its author was eventually 
discovered to be William Prout, then a young medical student, who 
lived to become eminent as a physiological chemist. His work thus 
tentatively put forward has become classical as containing or, rather, 
suggesting, the hypothesis that the atomic weights of tho domotits are 
multiples of that of hydrogen. For it is noteworthy that tho paper 
nowhere contains in explicit terms tho statement of what is now known 
as Prout's law. Its main purpose was to set out more dearly than 
had hitherto been perceived the relation between the doctrine of 
gaseous volumes and of atoms, and it is only incidentally remarked 
that he ‘*had often observed the near approach to round ntnnbors of 
many of the weights of the atoms," and tluit Dr. 'riiomson appears 
also to have made tho same remark." Ho further points out that it 
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would appear from his tables that all elementary numbers, hydrogen 
being considered as 1, ai’e divisible by 4, except carbon, azote, and 
barytium^ and these are divisible by 2, appearing, therefore, to indicate 
that they are modified by a higher number than that of unity or 
hydrogen. Is the other number 16 or oxygen? And are all sub- 
stances compounded of these two elements Prout^s ‘law^ has 
been frequently so stated as to imply that all substances are * com- 
pounded’ of hydrogen. But, as will be seen, his own words convey 
no such idea. 

It is not improbable that the idea that all atomic weights were 
actually integers would have attracted little, if any, attention, had it 
not been adopted by Thomson and given currency by means of his 

System of Chemistry, ” then, and for some years subsequently, one 
of the leading British text-books. 

Smithson Tennant, Professor of Chemistry in the University of 
Cambridge, a man of whom it was said, in J ohnson’s well known 
words, is to be mentioned with reverence rather for the possession 
than the exertion of uncommon abilities,” died in 1815 — accidentally 
killed whilst riding in the neighbourhood of Boulogne. Born at 
Selby in 1761, and a pupil of Black, he was early attracted to 
the study of chemistry, which he continued to prosecute at 
Cambridge as a Fellow Commoner of Christ’s College, His private 
fortune exempted him from the necessity of following actively any 
profession. Although a man of wide reading, and of a quick and 
active mind, we are told that there was a singular air of 
carelessness and indifference in his habits and mode of life, his man- 
ners, appearance, and conversation being the most remote from those 
of a professed student. His college rooms exhibited a strange, dis- 
orderly appearance of books, papers, and implements of chemistry, 
piled up in heaps, or thrown in confusion together.” He was fond of 
foreign travel, and, in the course of one of his journeys, made the 
acquaintance of Scheele, for whom he had a high admiration. He 
was also on terms of friendship with many of the loading French 
chemists of his time. Chemistry in Germany at this period was a 
mixtui'e of science and credulity, the philosopher’s stone was spoken 
of with respect, and Tennant relates that ho received from a man of 
science and character an introduction to a person who was reputed to 
be in possession of that treasure, with whom ho conversed in Latin, 
and who exhibited to him the mysterious powder, '^enlarging upon its 
h much pomp, and in flowing and sonorous 

for his analysis of carbon dioxide, his work 
diamond, and on the injurious effects of 
his chemical examination of emery, and his 
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discovery of iridium^ — so-named from the various colours of its solutions, 
and osmium—- which owes its name to the smell of certain of its 
oxides. In the course of an inquiry by a Committee of the Iloyal 
Society, formed at the request of the Government to invostigate the 
danger that might attend the general introduction of gas lighting in 
the metropolis, he made the observation that flame will not pass 
through small tubes, a discovery which in the hands of Davy led to 
the invention of the safety lamp. 

The third decade of the century saw the rise of Faraday, Graham, 
and Edward Turner. Faraday had thrown up book-binding in 1813, and 
attached himself to the Eoyal Institution, getting his baptism of fire 
in working upon Dulong^s newly-discovered nitrogen chloride, which 
was then occupying Davyds attention. He assisted Davy, too, in his 
work on iodine, on the torpedo, on the nature of the diainond, on 
euchlorine and on the chlorides of phosphorus, and in his memoir on 

Some combinations of Phosphorus ** th^ master pays a well-merited 
tribute to the ‘‘accuracy and steadiness of manipulation of his 
assistant.'* 

Although Davy had propounded his proofs of the elementary nature 
of chlorine as far back as 1810, and although these had been 
strengthened by his work on iodine in 1814, his doctrine was not 
universally accepted, the Scotch teachers in particular, notably 
Murray and lire, even as late as 1818, making repeated and deter- 
mined attempts to subvert it. Faraday did yeoman service in 
repelling the attack, which eventually degenerated into a wordy 
warfare between Murray and John Davy. 

With the beginning of 1820, Faraday may be said to have served 
his apprenticeship to science. He had already contributed some two 
score notices and papers to the Quartarly Journal of Scimice^ and 
had published his remarkable work with Stodart, a surgical instrument 
maker, on wootz and other alloys of steel. Ho had discovered 
tetraohlorethylene, perchlorethane and ethylene diiodide, an account of 
which constitutes his first paper in the Philosojphiml Tnmmatiom^ 
and shortly afterwards he described, with Kichard Phillips, a new 
compound of chlorine and carbon, first observed by Julin, of Abo, and 
now known as hexachlorobenzene. In 1823 appeared his memorable 
paper “ On fluid chlorine," and immediately afterwards were liquefied 
hydrogen chloride, sulphur dioxide, carbon dioxide, sulphuretted 
hydrogen, euchlorine, and nitrous oxide. It should bo stated, however, 
that Mongo and Clouet had already condensed sulphur dioxide, probably 
before the year 1800, and that Northmore, with tlie a,sHista.neo of 
Acoum, had obtained liquid chlorine in 1806 by comprcBsion at 
ordinary temperatures {Mchohon^s Jourmlt 12 and 13). bTorthmoro'H 
description of the properties of liquid chlorine is so explicit that it is 
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remarkable that the significance of his observation should have 
escaped notice. The name and fame of the Royal Institution are 
indiiolublj connected with the work so auspiciously begun by Faraday, 
and with the iiquefication and solidification of air and hydrogen by 
my predecessor in this chair this chapter in the history of physical 
science closes with the closing years of the century. It will ever be 
accounted among the triumphs of the 19 th century that it has effected 
the removal of those artificial boundaries — the hard and fast lines of 
demarcation — implied by terms which have now no other rational 
meaning than as denoting states of physical aggregation, l^or will 
it be forgotten that it is largely to the labours of our countrymen, 
Dalton, Faraday, Andrews, and Dewar, that this achievement is to be 
ascribed. 

In 1825, Faraday discovered benzene. He found it among the pro- 
ducts furnished by the operations of the Portable Gas Company, 
Although he ascertained that the density of its vapour was 39, 
hydrogen being 1 , the significance of that circumstance was not per- 
ceived at the time. The work of Ampk'e and Gay Lussac, in fact, 
was not really understood or appreciated at this period, and the con- 
ception of Avogadro lay dormant. With regard to the composition 

of this substance,” wrote Faraday, my experiments tend to prove it 
a binary compound of carbon and hydrogen, two proportionals of the 
former element being united to one of. the latter.” What Faraday’s 
bicarburet of hydrogen has developed into need not now be told. The 
work which has accumulated round this single substance during the 
seventy-five years which have elapsed since it has been known con- 
stitutes one of the most astonishing records of intellectual and 
industrial activity of which history has any record. 

Faraday’s next contribution to aromatic chemistry consisted in a 
study of the^tionof sulphuric acid on naphthalene, or ‘naphthaline’ 
as it was then termed — a name which we owe to Dr, John Kidd, who 
lectured on chemistry at Oxford in the early part of the century, and 
who accurately described the main properties of the hydrocarbon, 
which appears to have been first observed in 1819 by Alexander 
Garden, of Old Compton Street, Soho, where the London Chemical 
Society had its habitation. The products obtained by Faraday are now 
known as a- and jG-naphthalenesnlphonic acids, the salts of which he 
described. It is noteworthy that in this year (1826) the Friday 
evening discourses at the Eoyal Institution were instituted by 
Faraday, with a view, as he says, to facilitate our object of attracting 
the world and making ourselves, with science, “ attractive to it,” and 
that this work on naphthalenesulphonic acid was the subject of the 
first chemical discourse of the series. Unpromising as it might seem, 
we may be quite sure that Faraday made it attractive. 
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Although Faraday continued to occupy himself at times with 
chemical subjects, even to the end of his tenure of the Fulleiian pro- 
fessorship at the Royal Institution, he gradually became more and 
more absorbed in those memorable physical researches with which his 
name will ever be associated. The more important portion of his 
chemical work was practically all done before the end of 1826, and, 
curiously enough, one of the last inquiries with which he concerned 
himself in that year serves to connect him with Graham, whose ser- 
vices to science began in that year. It happened that Faraday, in 
1823, had made some observations, perhaps among the earliest ever 
made, which served to establish what we now know as the transpira- 
tion of gases, but their accuracy had been doubted by Davy, who, 
three years later, repeated them. Davyds experiments on this subject 
constitute, in fact, the last ever performed by him in the laboratory of 
the Royal Institution. Faraday independently repeated the observa- 
tions of 1823 and established their validity. 

Graham*s chief work, of course, lay in the borderland between 
physics and chemistry. The finite extent of the atmosphere ; the 
absorption of vapours by liquids ; the law of the diffusion of 
gases ; the motion of gases ; the diffusion of liquids j osmotic 
force I on liquid transpiration ; on molecular mobility of gases j the 
absorption and dialytic separation of gases by colloid septa; on 
occlusion of gases; hydrogenium — ^however different may be the, 
titles of his papers, ail his work centred round conceptions of 
atoms and molecules and their motions. Of his contributions to pure 
chemistry, the most important was that “On the arseniates, phos- 
phates, and modifications of phosphoric acid” — the first of his 
papers sent to the Royal Society, to which it was communicated 
by Edward Turner, whom he succeeded a few years later in the 
Chair of Chemistry at University College. This memoir established 
the existence of three modifications of phosphoric acid — ortho-, pyro-, 
and meta-phosphoric acid. The first, or ordinary phosphoric acid, has 
been known for at least three centuries ; pyrophosphoric acid was 
discovered by Clark, whom Graham succeeded as Lecturer on 
Chemistry at the Mechanics' Institute, Glasgow; metaphosphoric 
acid was now made known for the first time. The paper is memor- 
able from the circumstance that it first definitely indicated the 
idea of basicity. 

Graham's memoirs on the part played by water as a constituent 
of salts, and on the constitution of salts, are logically connected 
with and dependent on this paper. Indeed, nothing is more re- 
markable in Graham's work than the continuity of idea which 
pervades it. Just as the long succession of memoirs on the molecular 
movements of gases and liquids gave a definiteness and precision to 



576 


A1W0AL GEimEAL MBETHiTG. 


tlie conception of the intestinal motions in matter, so his work on 
acids and salts served to establish the constitutional analogy between 
these substances, 

Edward Turner was born in tTamaica in 1798, and after studying 
medicine at Edinburgh, passed over to G-bttingen, where he worked 
under Stromeyer, In 1824, he became a lecturer in Edinburgh and 
here published an ** Introduction to the Study and Laws of Chemical 
Combination/* which he subsequently worked into his excellent 
‘‘Elements of Chemistry/* one of the standard text-books of the time, 
and by which he is mainly remembered. In 1828, he was made 
Professor of Chemistry in the newly-created .University of London, 
now known as University College, and died in 1837 in the fortieth 
year of his age. Among his pupils was the late Sir Richard Quain, 
who described him as a lucid lecturer and a good analyst. Turner 
was indeed an excellent manipulator, and his analytical and determina- 
tive work was of a high order. He is especially to he remembered for 
his determinations of the atomic weights of lead, chlorine, silver, 
barium, mercury, nitrogen, and sulphur ; they were the first atomic 
weights to be accurately ascertained by a British chemist, and are 
worthy to be ranked with the determinations of Berzelius. Turner*s 
numbers were not only valuable as constants, but they were of 
theoretical importance as directly impugning the validity of Front's 
hypothesis, which, mainly on the authority of Thomas Thomson, who 
had sought to support it by what is perhaps the weakest experimental 
evidence ever put forward, was part of the current doctrine of the 
time in this country. On Thomson's work, Berzelius had passed what 
is probably the most scathing criticism he ever uttered : “ This work 
belongs to those few productions from which science will derive no 
advantage whatever. Much of the experimental part, even of the 
fundamental experiments, appears to have been made at the writing 
desk ; and the greatest civility which his contemporaries can show its 
author, is to forget that it was ever published ** (Jahresber.f 1827, 77). 

Turner pointed out (1) that the atomic weights hitherto commonly 
used by British chemists had been adopted without due inquiry, and 
that several of the most important ones were erroneous, and (2) that 
the hypothesis that all equivalents are multiples of a whole number of 
the equivalent of hydrogen was inconsistent with the state of chemical 
knowledge at the time, being at variance with experiment. “ Under 
such circumstances, Ur. Front’s hypothesis, as advocated by Dr. Thom- 
son — that all atomic weights are simple multiples of that of hydrogen 
longer be maintained. I grant most willingly that a system 
ers, considered as moderate approximations, may, with 
reamed for the use of medical men, students, and 
as the strict repr^entative of scientific truth, 
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applicable to all the purposes of science, this hypothesis is at present 
untenable. Let me not, however, be misunderstood : I mean simply to 
affirm that the experiments by which it has been attempted to prove 
the truth of this hypothesis are inaccurate ; I may go further, and 
declare it to be not only unsupported by evidence, but to be at variance 
with the most exact analytic researches which have been conducted. 

I deny not that some simple relation subsists among atomic weights, 
and that their ratios may possibly be expressed by some series of 
numbers ; but at present no one has assigned any physical cause for 
the existence of such a relation; no such relation has hitherto been 
discovered ; nor, as appears to me, has analytical chemistry attained 
that degree of perfection which can justify anyone in finally asserting 
or denying its existence.” The position thus taken up by Turner is 
precisely that to which Stas arrived half a century later, after an 
inquiry which will ever remain a model of analytical skill. 

William Hyde Wollaston died on December 22nd, 1828, at the age 
of sixty-two; Thomas Young, on May 10th, 1829, aged fifty-six; and 
Humphry Davy, on May 29th, 1829, aged fifty-one. The passing 
away of three such men in the ripeness of their intellectual vigour 
and in such quick succession, profoundly affected the whole scientific 
world. They had been colleagues during life, each holding high office 
in the Councils of the Hoyal Society, and were, with Dalton, the 
brightest ornaments of one of the most glorious epochs in the history 
of physical science in this country. At present, we are only concerned 
with Wollaston and Davy. On Davyds triumphs, on his mental powers, 
and on the characteristics of his genius it is unnecessary now to dwell ; 
with the exception of that of Dalton, there is probably no personality 
in the history of British chemistry with which we are more familiar. 
Wollaston is less well known; his achievements, indeed, were less 
calculated to strike the popular imagination than those of his great 
contemporaries. But this silent, austere man, who lived in and for 
his laboratory and his library, his only relaxation being an occasional 
evening among his fellows at the Eoyal Society Club, or at the 
gatherings of the Boyal Society, had a wonderfully clear intelligence 
and an astonishingly penetrative insight. Yo man ever more justly 
earned the title of philosopher. He was not so prolific or so diffuse 
as Priestley, but his learning was infinitely deeper and broader, and 
there is not a single branch of the science of his day which he did 
not illumine and adorn — chemistry, astronomy, optics, mechanics, 
acoustics, mineralogy, crystallography, botany, physiology, pathology 
— each in turn was the subject of his intellectual activity. It is, how- 
ever, only with his chemical work that we have here to do. Beference 
has already been made to the part which Wollaston's paper, “ On 
VOL. LXXVn. s s 
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super-acid and sub-acid Salts,” played in securing attention to the 
atomic theory ; his Synoptical scale of chemical equivalents was 
of special service to the student and the manufacturer in facilitating 
the application of the laws of chemical combination to operative 
chemistry. His Description of a reflective Croniometer ” is a classic 
in the literature of chemical crystallography and marks an epoch in 
the history of that subject. His discovery of a process by which 
platina jnay be rendered malleable proved of incalculable service to 
practical chemistry and the arts. Some idea of what that seb^i^ 
has been may be gained by recalling what we have seeurrf, and 
secured only by our crucibles and other vessels of platinum, and by 
the use of platinum foil and wire, and by imagining what our position 
would he if we were wholly deprived of these articles. Platinum had 
been known for some sixty years before Wollaston's time, but as has 
been stated, " the very properties which made its value certain if it 
were wrought into vessels, forbade its being easily fashioned into 
them,'' and whole caigoes of the native metal are said to have lain 
unpurchased for years in London as it could not be turned to account, 
Wollaston, foiled in his attempts to make a living by medical practice, 
became, as is well known, rich by his process of working platinum 
which he carried on in secret and with the aid of a faithful old ser- 
vant in his laboratory, a small detached building at the bottom of his 
garden in Hunter Street, Brunswick Square. 

In the early part of the century, the price of manufactured platinum 
was less than half its present value. In 1805, platinum crucibles were 
to be obtained from Mr. Carey, 182, Strand', at 17a. 6d the ounce, whilst 
wir^ was 16s. A.t the time of the foundation of the Chemical Society, 
the price of manufactured platinum had more ^an doubled. 

Wollaston first made known his process in the Bakerian lecture of 
1828— the year of his death— and the Council of the itoyal Society 

deemed themselves bound to express their strong approbation of this 
interesting memoir by awarding a Boyal medal to its author, and they 
anticipate with confidence a general approbation of what they have 
done." The further development of the metallurgy of platinum in 
this country is associated with the firm of Johnson, Matthey and Co., 
who worked platinum for many years before any other commercial 
manufactory was established. The process of Wollaston appears to 
have been first worked, sometime between 1800 and 1808, by Mr. 
Thomas Ck>ck, a relative of Mr. Percival Johnson, who began the refin- 
ing aJid manufacture of platinum in Hatton Garden. 

^ ^ is further connected with the platinum group of 

■' discovery of rhodium, which he published in 1804/ 
■ '^^istenee : of iridium .and osmium had been 
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announced by Smithson Tennant, and also by his discovery of pallad- 
ium. The manner in which the last-named metal was made known 
constitutes one of the most singular episodes in the history of scientific 
discovery, and affords a curious commentary on certain phases of 
Wollaston’s character. In fact, one or two points in Wollaston’s con^ 
nection with the discovery and working of the platinum metals are 
somewhat obscure. 

In 1803 appeared an anonymous circular which was sent to a num- 
ber of persons, amongst them the editors of Nicholson’s and Tillooh’s 
Journals, stating that a new metal — palladium or new silver — could 
be purchased from Mrs. Forster, 26, Gerrard Street, Soho, in samples 
of five shillings, half a guinea, and one guinea each, the price being at 
the rate of one shilling per grain. Certain of the properties of pallad- 
ium were given in the advertisement to show that it was new noble 
metal.” This announcement attracted the attention of Ohenevix, an 
Irish gentleman, well known as a Fellow of the E.oyal Society and for 
his analyses of certain minerals and for his work on oxygenised and 
hyperoxygenised muriatic acid. The mode adopted to make known a 
discovery of so much importance, without the name of any creditable 
person except the vendor, appeared to Mr. Ohenevix unusual in science 
and not calculated to inspire confidence. Accordingly, with a view to 
detect what he conceived to be an imposition, Mr. Ohenevix procured 
a specimen and eventually the whole quantity which had been left for 
sale with Mrs. Forster, who, she stated, was totally unacquainted with 
the person who brought the metallic substance and the printed paper 
to her house. Ohenevix found all the statements in the paper to be 
correct with the exception of that of the specific gravity, which he stated 
to be different by one or two per cent. He made a long and elaborate 
investigation of the matter and concluded that the pretended new 
metal was a combination of platinum and mercury. He sent in his 
memoir to the Eoyal Society, and two evenings were spent in the 
reading of it. 

The Journal Book of the Society, the entries of which were made , 
under the direction of the Secretaries, if not actually by them, gives 
a precis of this paper. We read: ‘^Thus, after having been baffled 
in his attempts to discover, by analysis, the component parts of this 
substance, which he (the author) could never bring himself to consider 
as a new metal, a synthetic process at length led him to the dis- 
covery that the whole pretence was an imposition, and that the 
substance is, in fact, a combination of platina and mercury ; in which 
the latter, while it masks the most characteristic properties in the 
former, loses the greater number of its own distinctive qualities. 

“ The singular fact that an alloy of two metals should be produced, 

s s 2 
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the specific gravity of which is little more than one-half of what it 
onght to be by calculation, is, no doubt, worthy of particular 
attention ; and as quicksilver was in this process brought to a fixed 
state under circumstances never before observed, a notion might be 
entertained that the great desideratum in alchemy, the fixation of 
mercury, was by no means a visionary object, , , . Those who 
cultivate chemistry with any degree of ardour, will be gratified to see 
in this paper the pains taken by iihe author, and the various modes 
he has devised, to produce this compound metal in its most perfect 
state of combination.” 

A few months later, the editors of the various scientific periodicals 
received under cover of the twopenny post,” an unsigned paper 
offering a reward of ^220 for the artificial production of palladium. 
The editor of Nicholson^ s Journal says the paper, is written in the 
same hand as a note which covered a small piece of palladium men- 
tioned to have been received by me last midsummer. Upon inquiry, I 
find that Mrs. Forster has received the sum of £20 with instructions 
conformable to this paper.” The paper ran as follows : — 

Decmhr 1803. 

‘‘Sib, 

“ As I see it said in one of your journals, that the new metal I 
have called palladium, is not a new noble metal, as I have said it is, but 
an imposition and a compound of platina and quicksilver, I hope you 
"will do me justice in your next, and tell your readers I promise a 
reward of 20£ now in Mrs. Forster's hands, to any one that will 
make only 20 grains of real palladium, before any three gentlemen 
chymist's you please to name, yourself one if you like. 

‘‘That he may have plenty of his ingredients, let him use 20 times 
as much quicksilver, 20 times as much platina, and in short of 
anything else he pleases to use : neither he nor I can make a single 
grain. 

“Fray he careful in trying what it is he makes, for. the mistake, 
must happen by not trying it rightly. 

“My reason for not saying where it was found, was, that I might 
make some advantage of it, as I have right to do. 

“If you think fit to publish this, I beg you to give the names of 
the umpires, as I have desired Mrs. Forster to keep the money till 
next midsummer, and to deliver it only in case they can assure her 
that the real metal is made by a certificate signed by you, and by them, 

: <fia^us check. 

Httle, bit of whatever is made may be left wibh Mrs* 
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Mr. Nicholson nominated Hatchett and Edward Howard to join 
himself as judges of the product which might be made in their 
presence ; but the £20 was never claimed, and in 1805, Wollaston, 
in a memoir contributed to the Fhilosojphioal TramactionSi an- 
nounced that he was the discoverer of the new metal, to which he had 
given the name palladium, ^‘from the planet which had been dis- 
covered, nearly at the same time, by Dr. Olbers.’^ 

What was Wollaston’s motive in bringing his discovery to the 
notice of the scientific world in so extraordinary a manner can only be 
surmised. Erom the account of Ms memoir given in the Journal 
Book of the Society, in which no mention is made of Chenevix and his 
work, he refers to the concise delineation of its character ” given in 
the advertisement of the metal, in which he says he avoided directing 
the attention of chemists to the source from where it had been 
obtained, and thereby reserved to himself a more deliberate ex- 
amination of many phenomena that yet remained unexplained in the 
analysis of platina, by which he was subsequently led to the discovery 
of rhodium.” No proper explanation was given of the circumstsance 
that he, as Secretary of the Society, allowed Chenevix’s paper to 
appear in the Transactions. It must have been his duty actually to 
read tMs paper at the two meetings when it was brought before the 
Fellows ; he must also have been responsible for the account which 
appears in the Journal Book, and which, as one now peruses it, in the 
light of what subsequently happened, is almost cutting in its sardonic 
humour and irony. It has been stated that Wollaston did all in his 
power to persuade Chenevix to withhold or withdraw Ms paper. Be 
this as it may, there is no doubt that Chenevix keenly felt the 
humiliation he suffered. He retired to the Continent, and all his sub- 
sequent papers were published in France. 

In the year of Davy’s death, Edward Turner wrote, The sera of 
brilliant discovery in chemistry appears to have terminated for the 
present.” Although the number of workers in the science was proba- 
Wy greater than during the first few years of the century, the volume 
of chemical literature actually produced, judged by the number of 
contributions to the various societies and to scientific periodicals, had 
been steadily declining during the previous ten years, and was actually 
not much more than half what it was in 1802. The work of the first 
quarter of the century had, in fact, been that of the pioneers, and it was 
now necessary to secure and consolidate what had been gained rather 
than to push on into new territory. The time is arrived,” con- 
tinues Turner, for reviewing our stock of information, and submitting 
the principal facts and fundamental doctrines of the science to the 
severest scrutiny. The activity of chemists should now, I conceive. 
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be especially employed, aot so much in searching for new compounds 
or new elements, as in examining those already discovered j in ascer- 
taining with the greatest possible care the exact ratio in which the 
elements of compounds are united ; in correcting the erroneous state- 
ments to which inaccurate observation has given rise ^ and exposing 
the fallacy of opinions which partial experience or false facts have 
produced.” Stoichiometrical considerations were, in fact, becoming of 
increasing importance. The atomic theory was now a part of the settled 
doctrine of chemistry. To use the words of Davy, chemistry had now 
passed under the dominion of the mathematical sciences. The exact nu- 
merical relations of the elements and their combinations, both by weight 
and by volume, Prout'shypotbesis and all that it implied, were types of 
the questions which seemed most urgently to require solution. The 
idea of stating the course of chemical change with a more mathematical 
precision than had hitherto been possible is reflected, too, in the 
attempts which were made at about tins period to express such changes 
by means of equations. Chemical symbols have been used from time 
immemorial, but the notion of attaching a definite numerical value to 
them had a rational basis only after the promulgation of the atomic 
theory, 

Berzelius is usually credited with having been the first to suggest, 
in principle, the system of notation at present employed by chemists, 
although there is a tradition in Q-lasgow that the merit should 
he ascribed to Dr. Thomas Thomson. Herschel, in his paper on 
Hyposulphurous acid ’’ in the. BdM>v/rgh PhUosophical Journal for 
1819, uses algebraic espressions'.to describe the reaction between 
silver nitrate and calcium thiosulphate. The idea of using a mathe- 
matical notation to express the chemical composition of substances 
and their mutual actions, although in common use in Sweden, France, 
and Germany, for a time made little progress in England, partly from 
the conservatism of chemists, who, like Richard Phillips, failed to per- 
ceive its necessity or convenience, and to whom the language of symbols 

“ . . . . was a Babylonish dialect 
Which learned chemtsU much affect ; 

It is a party-coloured dress 
Of patch’d and piebald languages ; 

’Tis English cut on Greek and Latin, 

Like fustian heretofore on satin ; ” 


and partly from the strictures of mathematicians, chief among whom 
was Whewell, who condemned the Berzelian system for what he re- 
fj^ed as its gross anomalies ” and ‘‘ disfigurements,” and its W'ant of 


L pi^ri^ty so entirely that it must always be disagreeable 
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to see an example of it, for any person who has acquired the first rudi- 
ments of algebra,” 

Whewell, whose “ forte was science, and whose foible was omni- 
science,” of course recognised that a mathematical notation might be 
of the greatest service in chemistry, and, indeed, could not ultimately 
be dispensed with, and he made a vigorous attempt to purify and 
improve the foreign system.” One of the chief rocks of offence to 
Whewell was the method adopted by Berzelius of connecting the 
symbols of the elements to represent compound substances. Chemical 
combination is essentially an operation of addition, whereas the 
symbolic notation, if understood algebraically, would indicate that the 
constituents were multiplied by each other. There is not much force 
in this objection, although, as Whewell points^ out, we probably owe 
to the symbols being read algebraically the ambiguity of the words 
fmt<yr and 'product, which are sometimes used to express the ingre- 
dients producing a chemical compound by their addition, as well as 
the compound itself, but which in algebra properly refer to parts 
producing a number by multiplication. Still more objectionable to 
Whewell was the use of the sign + ; this he characterised as a 
wanton and superfluous violation of analogy.” 

Whewell's objections were rather more pedantic than practical. 
It was pointed out that the juxtaposition of symbols and the employ- 
ment of an index figure, as practised by Berzelius, would lead the 
chemist into no error, because their subjects are not susceptible of 
algebraic powen, or of being multiplied into each other. 

On general grounds, too, Whewell’s system failed to commend itself 
to chemists, even to those who were not unmindful of the mathematical 
proprieties. It only approximated to mathematical consistency, and 
failed altogether as regards brevity and clearness. The multiplication 
of lines and brackets which it entailed, although algebraically 
just, gave a perplexing appearance to the formula, and destroyed its 
graphic character. The unvarying sign + alternately with every 
letter was also objectionable. Whewell, who was not insensible to 
these defects in his system, suggested a method of contraction, but 
the compromise failed to realise the graphic perspicuity of the Ber- 
zelian notation, whilst, as^ an analytical expression, it was inferior to 
the extended system from which it was evolved, Whewell, moreover, 
avowedly put it forward as more suitable for the purposes of mine- 
ralogy than of chemistry, and the objection was naturally raised that 
a system which required new contrivances and contractions to suit 
different points of reasoning, and was so partial and so incomplete an 
expression of chemical composition in general, was certain to lead to 
interminable confusion and difficulty. 
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The serial chemical literature of the early thirties contains 
a number of interesting papers on chemical notation, not only by 
Whewell, but by Phillips, Prideaux, Warington, and Graham, and the 
merits of the various systems proposed were fairly discussed, with the 
result that the Berzelian method was at length universally adopted. 
As an example of the confusion which reigned at the time, we give, 
from one of Phillips’s papers, the composition of common phosphate of 
soda as expressed in the different systems of notation then in vogue. 


Berzelius NaP + 24Aq. 

Ka2P + 24H. 

Graham Na^HS^P, 

Bose NaO 4- PO^ + 24HO. 

“Whewell N -f p' + 24 q. ~ 

Brande S+p' + 24q. 

Turner So + P + 2jO + 24 aq. 

Johnstone P + So + 24H. 

Prideaux WP + 24 Ag. 

oo o 

Warington Po + So -h 24H° 


With the exception of Graham, it cannot be said that British or 


the decade from 1830 to 1840. The number of workers was doubtless 
greater than at any previous period of the century. The volume of 
literature, as measured by the number of papers published, was jnore 
than double that of the first decade— one of the most momentous 
periods of our chemical history. But the efforts of workers at the 
time were spent more on points of detail, on the filling in of little 
gaj^ in the chemical structure, as it then existed, than in attempts at 
new developments. 

Thomas Clark, mainly remembered for his method of determining 
the hardn^s of water, and for his discovery of pyrophosphoric acid, was 
studying the metallurgy of iron. Apjohn, whose name is best known 


in connection with his formula for determining the dew-point from the 
indications of the wet bulb hygrometer, contributed a few papers on 
chemistry j Daubeny, a professor of chemistry to botanists, and 
to chemists, occupied himself principally with 
chemistry ;^Golonel Yorke studied the action of 
; Evexitt investigated the behaviour of dilute sub 
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phuric acid with potassium ferrocyanide, and discovered the salt which Jis 
associated with his name; Johnston made analyses of mineral substances 
of organic origin, investigated paracyanogen, certain cyanides, and double 
haloid salts; Kane analysed a few minerals and inorganic salts, the chlor- 
ides of iodine, and studied the action of ammonia on the chlorides and 
oxides of mercury, the composition of essential oils, and the nature of 
wood spirit. Penny made a remarkably accurate series of atomic 
weight determinations of chlorine, nitrogen, potassium, and sodium, 
which served still further to strengthen the case against the hypothesis 
that all equivalent numbers are simple multiples of that of hydrogen ; 
and Gregory, the successor of Graham at the Andersonian Oollege, a 
follower of Liebig, and one of the earliest chemists to introduce his 
methods into Britain, occupied himself with the study of pharmaco- 
logical and organic products, the analysis of petroleum, and the 
destructive distillation of caoutchouc. Other chemical workers at this 
period were Pepys, Porrett, Edmund Davy, Brooke, Cooper, Daniel, 
John Mercer, William Herapath, Walter Crum, William West, Hen- 
nell, Scanlan, Teschemacher, Hugh L. Pattinson, Warington, 
Andrews, Eichardson, Eobert D. Thomson, Denham Smith, Golding 
Bird, Solly, Fownes, Stenhouse, George Wilson, and Griffin. 

But the general condition of scientific chemistry with us during 
this period was, no doubt, accurately characterised by Liebig, when 
wrote to Berzelius in 1837 : ‘^Ich bin einige Monate in 
!&gland gewesen, habe ungeheuer viel gesehen und wenig gelernt. 
Eiigland ist nicht das Land der Wissenschaft, es existirt dorten 
ein weitgetriebener Dilettantismus, die Ohemiker schamen sich 
Chejmiker zu heissen, weil die Apotheker, welche verachtet sind, 
diesW Hamen an sich gezogen haben . . . . Graham macht 

auch^in wissenschaftlicher Hinsioht die schatzbarste Ausnahme, er 
ist eCk vortreffiicher Mensch, auch Gregory, der an seine Stelle in 
Glasgow gekommen ist.” 

It was at this low ebb in our fortunes that the Chemical 
Society was founded. It might seem, 'at first sight, an unpropitious 
time at which to launch a new Society for the purpose of publish- 
ing the work of chemical investigators, when chemio^ investigation 
itself was so languidly pursued. But the seventy-seven gentlemen 
from all parts of the kingdom who enrolled themselves as the 
founders of the Chemical Society appeared to have had a robust 
faith in its ultimate success, and in the influence it was bound to 
exercise in stimulating chemical inquiry in these islands. 

How far their faith was well founded-— how far indeed this Society 
has succeeded in stimulating chemical research in this kingdom, I may 
possibly have an opportunity of showing on some future occasion. I 
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,hope also to be able to offer some account of the development of our 
means of teaching chemistry in this country during the century. 

Sir Henby Hosooe, F.E..S., proposed a vote of thanks to the Presi- 
dent, coupled with the rec[uest that he would allow his address to be 
printed in the Transactions, 

Prof. Liveing, F.R.S., seconded the motion, which was carried by 
acclamation. 

The Pbesibent having returned thanks, 

Prof. Tilden, F.Ef.S., the Treasurer, in giving an account of the 
Balance Sheet which he laid before the Society, duly , audited, said ; — 

The receipts had been ; — By admission fees and subscriptions, 
£4088 ; by sale of Journal and advertisements, £781 15s. 6d, ; and by 
dividends on invested capital, £444 13s, 7d, The expenses had been : 
— On account of the Journal, £3388 12s. 11c?. ; on account of the 
Proceedings, £171 14s. 7d , ; on account of the preparation of a new 
Card Catalogue, £35 9s. 2d , ; on account of the Library, £286 17s. Sd, ; 
House expenses, including the re-decoration of the’ Building, 
£543 5s. lid, ; the total expenditure being £4993 13s, Id, Grants 
amounting to £192 had been made to Fellows from the Research 
Fund during the year. 

Attention was directed to the fact that the net income of the Society 
for the year being £5,371 Is. 5d., and the expenses £4,993 13s. 1<?., 
the surplus is only £377 8 s. 4d, This is considerably less than the 
amount, £578, of the Composition and Admission Fees which ought 
to be regarded as capital. In view of the steadily*increasing cost of 
the Society’s publications, the recurrence of the heavy charge for the 
Decenidal Index, and the growth of the Library, economy will have to 
be practised to keep the finances of the Society in a healthy con- 
dition. The Treasurer appealed to authors of papers to assist in 
keeping down the cost of composing and correcting the proofs of 
papers communicated to the Society. At the present time the average 
cost of corrections amounts to more than one-third the charges for 
putting manuscript into type. A little more care exercised by authors 
in preparing for the press would result in a substantial reduction in 
the cost of printing. 

Prof. Odling, F.R.S., proposed that the thanks of the Fellows be 
tendered to the Treasurer for his services during the past year 3 this 
motion was seconded by Br. Russell, F.R.S., and carried. 

The Tebasueeb, in responding, proposed a vote of thanks to the 
which was acknowledged by Mr. Page. 

Bixon, F.R.S., proposed a vote of thanks to the Officers 



ANNUAL GENERAL MEETING. 58Y 

Prof. Warington, F.E.S., seconded the motion, which was unani-. 
moTisly adopted. 

Prof. Dunstan, F.E.S., responded on behalf of the Council. 

Prof. Dewar, P.R.S., proposed a vote of thanks to the Editor, Sub- 
Editor, Abstractors, and Indexers, which was seconded by Mr. 
Groves, E.E.S., and carried. 

Dr. Wynne, E.E.S., responded. 

Dr, Dyer and Mr. Friswell were appointed Scrutators, and a ballot 
was taken for the election of Officers and Council for the ensuing year. 
The Scrutators having presented their report to the President, he 
declared that the following had been duly elected : — 

President: T. E. Thorpe, Ph.D., D.Sc., LL.D., For.Sec.R.S. 

Vice-Presidents who have filled the office of President : Sir F. A. Abel, 
Bart., K.aB., D.O.L., F.R.S. ; H. E. Armstrong, Ph.D., LL.D., F.R.S. ; 
A. Crum Brown, D.Sc., LL.D., F.R.S. ; Sir W. Crookes, F.R.S. ; 
James Dewar, M.A., LL.D., F.R.S. ; Sir J. H. Gilbert, Ph.D., LL.D., 
F.R.S. j J. H. Gladstone, Ph.D., D.Sc., F.R.S. ; A. Yernon Harcourt, 
M.A., D.G.L., F.R.S, j H. Miiller, Ph.D., LL.D., F.R.S. ; W. Odling, 
M.A., M.B., F.R.S. ; W. H, Perkin, LL.D., Ph.D., F.R.S, ; Sir H. E. 
Roscoe, D.C.L., LL.D., F.R.S.; W. J. Russell, Ph.D., F.R.S. ; A. W. 
Williamson, LLD., F.R.S. 

Vice-Presidents : E. Divers, M.D., D.Sc., F.R.S. ; C. E. Groves, 
F.R.S. j G. D. Liveing, M.A., D.Sc., F.R.S. ; T. Purdie, Ph.D., F.R.S. ; 
T. Stevenson, M.D, ; John M. Thomson, LL.D., F.R.S. 
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OBITUARY NOTICES. 

Peter Waage, the son of Captain Peter Waage, of the Norwegian 
Merchant Service, was born at Flekkefjord, a picturesque little village 
in South Norway, on the 29th of June, 1833. He received his educa- 
tion in the Bergen Grammar School, and entered the University of 
Christiania in 1854. Like many others, he entered chemistry through 
the portals of medicine, but even as a medical student, chemistry and 
mineralogy had more attraction for him, and although he passed the 
first of his medical examinations, he abandoned the study of medicine 
for that of natural science. In his fourth year at the University, he 
won the gold medal awarded each year for a special essay. On that 
occasion, the essay was prescribed on “ The theory of the radicles of 
oxygenated acids, and Waage’s essay was held worthy of the prize, 
it was afterwards published in the Myt Magadn for Naturvidenskaib, 
It gained for him the position of ‘‘University Stipendiat,” analogous 
to that of “ Privatdocent ” of the German Universities, but differing 
by the receipt of salary. As such he visited Germany, and was one of 
the numerous roll of Bunsen’s students. On his return, in 1862, he 
succeeded, as Professor at Christiania, Adolf Strecker, who in that year 
was called to the vacant chair at Tubingen. Shortly after his appoint- 
ment, in 1864, he published, in conjunction with his brother-in-law, 
Guldberg, Professor of Mathematics in the same University, a first 
draft of the memoir which made him famous (“ Yidenskabs Selskabs 
Porhandlingen ”). A year later, the memoir formed his University ora- 
tion, and it was published in French in 1867 under the title, “Etudes 
sur les Affinit6s Chimiques.” Twelve years later, a revised edition of 
the memoir appeared in the Jowrnal fur p^ahtische Ghemie, for by that 
time attention had been drawn to the value of the work, and the 
French edition was exhausted. The fundamental principle underlying 
this work is a very simple one ; it is known as the “Law of Mass- 
action.” Guldberg and Waage developed the thesis that chemical 
action is proportional to the amounts of acting substances present ; 
by the expression “ amount,” is understood quantity in unit volume. 
The intensity of the action is conditional on the amount of each sub- 
stance, and if two active substances be present, it is proportional to 
their product. It is also affected by temperature, the nature of the 
reacting substances, and other circumstances ; these, however, may be 
represented by a factor. If this factor be termed Z", and the masses 
per unit volume of the acting substances and q, then the chemical 
affinity or “ force ” is represented by Kpq. Equilibrium sets in when 
the “ force ” tending to cause the reaction to take place is balanced 
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by an equal and opposite “ force/' when Kpq=^ K p'q. This doctrine 
was developed and illustrated by numerous experimental verifications. 

Waage was also interested in the application of chemistry to the 
welfare of his country. He devised a method of determining the per- 
centage of alcohol in beer by an instrument termed the ‘‘ebullio- 
meter/' and endeavoured to have it applied by the Government to the 
valuation of the alcoholic strength of beer with a view to its progres- 
sive taxation. The author remembers how, in 1881, he concocted a 
letter in English, at Waage’s request, to Mr. Gladstone, in the hope 
of inducing him to extend the progressive tax on light wines to beer. 
Waage was an ardent advocate of temperance principles. Another 
effort made to apply chemistry for the benefit of his people was the 
devising a process for making ‘‘ fish-meal” a nutritive article of food. 
But public taste refused it, and its manufacture is now abandoned. 
He was also largely interested in social and religious endeavours to 
educate and refine the people, and was president of the society analo- 
gous to our Young Men's Christian Association.” 

Somewhat rough in external appearance, Waage's kindliness of 
manner, and heartiness and earnestness in all he said and did, im- 
pressed one with a sense of his power of influencing men. He will 
be known by his one great work, and so long as the history of chemistry 
is read, the opening chapter on the laws of chemical affinity will be 
associated with the names of Guldberg and Waage. W. R. 


William Habkness, formerly a Superintending Analyst of the 
Inland Revenue branch of the Government Laboratories, was born in 
Edinburgh on March 30th, 1834, and entered the Government Labora- 
tory in 1860, becoming an Analyst on the permanent staff in 1867, 
and a Superintending Analyst in 1884, a post which he held until his 
retirement in 1897. He was specially known in the laboratories for 
his abilities as a microscopist, particularly in the detection of vege- 
table substance as adulterants of tobacco, tea, coffee, <kc. He devoted 
much attention to the subject of concentrated foods, and was fre- 
quently consulted in the fitting out of various polar expeditions. He 
was a Fellow of the Royal Microscopical Society, of the Society of 
Chemical Industry, and of the Institute of Chemistry, and served on 
the Council of the latter body. He was elected a Fellow of the Chemical 
Society on December 16th, 1876, and died in Arran on September 6th, 
1899. His kindly disposition and unvarying courtesy endeared him 
to a large circle of friends. 
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Dr. J. F. HodgeS) of Belfast, wlio was elected into the Society in 
1844, died on the 13th December, 1899. The son of a solicitor belong- 
ing to a very old County Down family, he was born in 1815 at Down- 
patrick. On leaving school, he was apprenticed to a medical prac- 
titioner in his native town, and afterwards studied in Dublin at the 
Boyal College of Surgeons and Trinity College, and subsequently in 
Glasgow, where he made the acquaintance of Graham, who strongly 
advised him to turn to chemistry. Returning to his native country, 
he commenced the practice of medicine in Newcastle, thence he removed 
to Downpatrick, and was instrumental in founding the Mechanics’ 
Institute in that town — one of the first ever established in Ireland. He 
developed a deep interest in agriculture, which he rightly regarded as 
one of the leading industries in Ireland. Impressed with the idea that 
he might turn his scientific aptitude to good service in connection with 
that industry, he went to Germany and stuched under Liebig, with 
whom he contracted a friendship which terminated only with Liebig’s 
death. After taking his degree at Giessen, he returned to Down- 
patrick, and commenced lecturing on What Science can do for the 
Irish Farmer.” His lectures, which were published at the expense of 
the Marquis of Londonderry — grandfather of the present peer — -at- 
tracted much attention, and the interest they aroused throughout the 
North of Ireland led to the formation, in 1845, of the Chemico-Agri- 
cultural Society of Ulster — an organisation based upon the model of 
the Highland Agricultural Association of Scotland. 

Not long afterwards, Dr. Hodges became the editor of the /rzsA 
Agri<yultv/ristf a weekly journal published in Belfast. 

In 1845, he was appointed Professor of Chemistry in the old Belfast 
College as successor to Andrews, who became Vice-President of Queen’s 
College, On the Government endowing a Chair of Agricultural 
Chemistry in the latter college, Dr. Hodges was appointed its first 
occupant, as well as Lecturer on Medical Jurisprudence, and both of 
these positions he held up to the time of his death. By his demise, the 
last of the original professors of Queen’s College has passed away. 

Amongst his writings may be mentioned ** First Steps in Chemistry,” 
the Structure and Physiology of Animals of the Farm,” and Lessons 
in Chemistry for Farmers and Teachers.” He contributed numerous 
reports to the British Association, and at the Belfast meeting read a 
paper on The Organic Constituents of the Flax Plant. ” He was a 
frequent contributor to our Journal, Amongst his papers may be 
mentioned the ** Pharmaceutical and Chemical Characters of the 
Peruvian -Matico,” ^‘Composition of Tea and Tea-soils from Cachar,” 
and the “ Composition of the Fibre of the Jute Plant, and its use as a 
Textile ' Material.” 

He was one of the founders of the Royal College of Chemistry in 

VOL, LXXVn. XX 
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London, and, at the request of the Council of that Instttution, pro- 
ceeded to Germany to offer- the Chair of Chemistry to Will, who, as is 
well known, declined it in favour of Hofmann. 

Br. Hodges held a number of public appointments,* and, in s^te o 
his g^t age, was active in the discharge of his duties up to within a 
few days of bis death. , ^ 

' ' '•*— — " I ' 

Geoege Hbney Ogston was horn in 1827, and, was educaM at 
Putney Engineering CoUege. He afterwards became assistant to Pr^ 
fessor Graham at Hniversity College. In 1846 , he commenced his 
work with Professor J. T. Way on the composition of planish. Ihe 
investigation was begun at the Royal Agricultural College, Cirencester, 
but the greater part of the workwas afterwards carried out in London. 
This investigation belongs to the classics of agricultural chemistry. 
It was conceived in a thoroughly scientific spirit, and was comprehen- 
sive in its scope. The results were given in four reports to the Boyal 
Agricultural Society by Way and Ogston, and were published in t^ 
Journal of the Society in 1846, 1847, 1848, and 1850. The greater part 
of Mr. Ogston’s life was devoted to technical and commercial chemistry. 
He was one of the earliest fellows of the Institute of Chemistry, and 
served on the OouncU. He died on July 15th, 1899. B. W. 


t>r. Wii-Ei-iM Masobt, P.E.S., who was elected a Pellow of this 
Society on February 7th, 1853, and who died at Luxor on' March 4th 
of this year at the age of 72, is chiefly known for bis work on the 
chemical aspects of physiology and pathology, especially in regard to 
the chemkal nature of human excreta in health and disease, and on 
the chemistry of digestion. Some of his contributions on these sub- 
jects appeared in our Journal. In 1869, he published a remarkable 
paper on the temperature of the human body at different altitudes, 
both in a state of repose and during the act of ascending. He will, 
however, mainly be remembered by his work upon the function of 
respiration at various altitudes, which he afterwards elaborated into 
an extended memoir on human respiration in general, and made the 
subject matter of the Oroonian Lectures delivered by him before the 
Royal CJollege of Physicians in 1895. Br. Marcet directed much atten- 
liou to the physiological and pathological properties of alcohol. He 
all^ ;j^no^ned himself with the subject of dietetics, and published a 

1 856) “ On the composition of food, and how it is 

practical du for its analysis ; in 1867 he 

t|pr l^ptonisihg meat^and showed how the product 
in diseases of the stomach. He also paid 
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cotisiderable attention to climatology, with special reference to the 
hygienic conditions of the principal Southern and Swiss health resorts. 

Dr. Marcet was a highly cultured man, of wide sympathies, and of 
a genial, hospitable disposition. His loss will be especially felt by the 
members of the Physiological Society, at whose meetings he was a 
constant attendant. 


Dr. Bobeet Oxland was elected a member of the Chemical Society 
in 1851. He died on April 11th, 1899. He was one of the earlier 
public analysts, having been appointed in 1878 at Plymouth and 
Devonport* His special work lay chiefly in the domain of metallurgy, 
in which he devised a wet method for the extraction of copper from 
ores, also a mill for the concentration of cassiterite when associated 
with metallic sulphides and arsenides. He is chiefly known, however, 
as the joint inventor with Mr. John Hocking of the revolving cal- 
cining furnace which bears their names. W, G, 


Bichari) Tayler Plimpton was born on July lOthj 1856, at Clap- 
ham. He was the only son of William Plimpton and Eliza Anna n^e 
Tayler, and had one sister. 

After attending a preparatory school, he was for four years a pupil 
at University College School, where he acquired a taste for chemistry 
in the class-room of Mr. Temple Orme. 

He matriculated in 1874, and then proceeded to University College, 
but, unlike the majority of his fellow students, he thought it better to 
specialise at once, rather than spend time over the large range of sub- 
jects then required for a London degree. At University College, he 
devoted himself almost entirely to the study of chemistry under the 
direction of Prof. A. W. Williamson and Dr. Charles Graham. 

In January, 1878, Plimpton went to Germany, and worked for six 
months in Kekuld^s laboratory at Bonn, and afterwards with Prof* 
Theodor Zinoke at Marburg, where, in 1880, he obtained his doctor's 
degree with a dissertation on the action of ammonia and the amines 
upon naphthoquinone. 

Prom Marburg, Plimpton went to Paris, where he worked for a year 
in the laboratory of Prof. Wurtz, and published some researches on 
active and inactive amylamines obtained from fusel oil. In 1881, he 
returned to London, and took a bench in the new chemical laboratory 
at University College, but he was very soon appointed assistant by 
Prof, Williamson, and subsequently became Lecturer and, in 1884, 
Assistant-Professor of Chemistry at the College, a post which he re- 
tained after Prof. Bamsayhad succeeded Prof . Williamson in the chair 

•1X2 
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of chemistry. While at University College, he contributed to this 
Journal a number of papers on tha halogen and metallic derivatives of 
acetylene. 

In 1894, Plimpton was appointed Lecturer on Chemistry at the 
IVLiddlesex Hospital Medical ^hool, and had barely held the Middlesex 
Lectureship for six years when, on December 21st, 1899, he died sud- 
denly as he was in the act of entering his laboratory. 

Plimpton was a member of the Council of the Chemical Society from 
1888 to 1891. As a teacher, he strongly dissuaded his pupils from 
undertaking any Idnd of independent work until they had acquired a 
thoroughly practical knowledge of general and analytical chemistry. 
His lectures on quantitative analysis were particularly appreciated, 
and he devised many new or modified methods of analysis, such as his 
well-known method for the estimation of halogens in organic com- 
pounds. Plimpton was of an exceedingly amiable disposition, and his 
cheerful countenance will be missed, not only by his friends in London, 
but also in the little colony at Hindhead where he used to spend his 
week-ends. 

His death, at the early age of forty-three, has deprived the world of 
one who would fain have seen all men at peace with one another, and 
whokept that end constantly in view. H. F. M. 


Lieut.-Colonel Henby Chables IUynolbs, E.E., was the son of 
Major-General John William Reynolds, llth Hussars, Fellow of this 
Society, of whom an obituary notice appeared in the Journal in 1876, 
and who, working undw Hofmann^s guidance, discovered the hydro- 
<»u:bon pi^pylene. Henry O. Reynolds .was born at Belfast in 1842 j 
he was educated at Eton, and at the Royal Military Academy, Wool- 
wich. In 1862, he received his commission in the Royal Engineers. 
He served for twelve consecutive years in India, chiefly in designing 
and constructing bridges, and also in making roads up the numerous 
ghats of that country. He was a keen sportsman, and always shot 
his tigers on foot ; many fell to his hand. In 1876, he returned home, 
and, in 1877, placed in charge of the Ordnance Survey of the 
Western District, of which the headquarters were at Clifton, near 


Bristol. Shortly after his return, he married the daughter of Wild- 
f ; :jg|05a Goodwyn, Esq., late J udge in the Supreme Court of Madras. In 
was ordered to Ireland, where he remained two years on 
duty, and superintended the building of the now barracks 
' fo 1884, he retired with the honorary rank of lieutenant- 
if gently offered the post of commander of a 
but -was reluctwtly obliged to decline it 
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Tjie pursuit of science for its own sake had always been Reynolds^ 
ambition, and on attaining the requisite leisure, he proceeded to study 
chemistry at University College, Bristol, where he worked in the 
laboratory for nearly five years, and made himself a competent 
chemist. The science of accurate measurement had always an 
attraction for him, and as soon as he had acquired the requisite know- 
ledge and skill in manipulation, he devoted his attention to the 
determination of equivalents of elements. In conjunction with the 
writer, he undertook an investigation on the equivalent of zinc, 
measuring the volume of hydrogen obtained on treating the metal 
with dilute acid. The number he obtained for. the atomic weight, 
65*48, differs but little from that chosen by Richards in his last revi- 
sion of atomic weighty, namely, 65*40. The results of this research were 
published in the Transactions for 1887. In order to superintend his 
children’s education. Colonel Reynolds removed, in 1889, to Chelten- 
ham, where he fitted up a commodious private laboratory. But long 
exposure to Indian climate had told upon his health and energy, and, 
although he began experiments on the ratio of hydrogen and nitrogen 
in ammonia, he was unable to complete them. He died on May Isb, 
1899, of lung disease, complicated by frequent returns of the malarial 
fever contracted in the Indian jungles — an insidious foe from whose 
attacks he had never thoroughly recovered. 

Colonel Reynolds is an instance, not uncommon in this country, hut 
almost unknown abroad, of a man forming an ideal in his early days, 
and endeavouring to attain it when opportunity offered. He was a 
kindly, courteous man, respected and beloved by all who were privi- 
leged to know him, and it is to be regretted that his opportunities 
and training were not compatible with his aspirations. He had it in 
him, had circumstances been otherwise, to have become a chemist of 
great ability ; but as it is, he has left his trace on the progress of 
chemistry by the careful work which he succeeded in accomplishing. 

, ' ■ W.R. ■ 

Edward Charlipis Oortis Stanford was born at Worthing on Feb- 
ruary 23rd, 1836, and was educated at All Saints’ College, Maidstone, 
and at Craufurd College, Maidenhead. On leaving school, he became a 
pupil under his father, a pharmacist, at Worthing, where he enjoyed 
opportunities to develop the taste for chemistry which he had acquired 
during his school career. After a short course of practical chemistry 
under Redwood in the Pharmaceutical Society’s laboratory, be was 
admitted a member of the Pharmaceutical Society in 1860. He held 
the teachership of chemistry in Worthing College for two years, 
lectured on .chemistry and physics in Craufurd College for one year, 
and in 1862 was appointed assistant demonstrator in chemistry and 
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pharmacy in the Pharmaceutical Society's laboratory under Professor 
Pedwood. In the same year, Stanford turned his attention to the 
economic applications of seaweed, and read a paper on the subject 
before the Society of Arts, for which he was awarded the Silver 
Medal of the society. This paper attracted the attention of the Duke 
of Argyll, and its author was eventually induced to take up his 
residence in Scotland with a view of developing the kelp industry. 
After a stay of eighteen months in the Outer Hebrides, where he 
studied the conditions of kelp manufacture, he established, with others, 
the British Seaweed Company’s works at Whitecrook, eventually 
became managing director of the North British Chemical Company, 
and was connected with their works at Clydebank for upwards of 
thirty-five years. 

Stanford’s name is mainly associated with the development of the 
iodine and bromine industry in Scotland, and in general of the pro- 
ducts to be obtained from algse. He contributed various papers to 
scientific journals on the manufacture of iodine, and wrote the article 
on that subject in Thorpe’s “ Dictionary of Applied Chemistry.” He 
was the author of papers on the action of charcoal on organic nitrogen 
and on algin in our Journal, and the Graham Gold Medal, given 
triennally for the best technical research in chemistry, was awarded 
to him in 1884 for the discovery of this substance, Stanford paid 
much attention to the sewage question, and contributed a number of 
papers to the Chemical Section of the Glasgow Philosophical Society, of 
wMoh he was for a time president, on this subject. Por some years, he 
was chairman of the School Board in Clydebank and was one of the 
governors of the Glasgow and West of Scotland Technical College. 

He was a man of a happy, genial disposition, with a strong sense of 
humour, and possessed of many social gifts, which made him a wel- 
come member of the annual conferences of the British Pharmaceutical 
Society, the British Association for the Advancement of Science, and 
the Society of Chemical Industry. He was elected a Pellow of the 
Chemical Society on April 21st, 1869, and died on December 8th, 
1899. 


SiDiTEY Augustus Sworn was born at Southampton in 1866 and 
was educated at the Hartley Institute of that town. In 1882, he 
obtained an exhibition at the Royal College of Science, Dublin, where 
he studied chemistry under Professor Hartley. He was elected in 
1884 to the open Brackenbury Science Scholarship at Balliol College, 
working under Professor H. B. Dixon until 1888, when he 
a first class in the Final Honour Schools in chemistry. He 
work on the constitution of aromatic compounds while 
on his appointment to a science mastership at 
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Cheltenham was able to continue his research, which was finally 
published in the Philosophical Magazine and the British Association 
Report for 1889. In the following year, he worked for a time with 
Professor T. E. Thorpe on persulphocyanogen. In 1893, he was 
appointed science master at the Gravesend Municipal Technical 
School. He began an investigation on the fixed points of mercurial 
thermometers, attempting to correlate the indications of standardised 
thermometers, made of different kinds of glass, with the absolute scale. 
An account of this work was read before the Royal Society in 1897- 
He met with a bicycle accident in March, 1899, from the" results 
of which he died a few weeks later. He was ardently devoted to 
experimental study, and by his death we lose one who could scarcely 
have failed to win distinction in the world of science. H. B. B. 


William Thorp, B.Sc. (Lend.), whose recent death, at the compara- 
tively early age of 53, will be felt as a serious loss to industrial 
chemistry, was a Londoner by birth and training. In 1857, he entered 
the City of London School, a school which had already undertaken 
for some years systematic instruction in Hatural Science, and in this 
respect was a pioneer in scientific education. Under the genial and 
stimulating influence of the science master of that school, Thomas Hall, 
B. A., William Thorp was led to interest himself in chemistry, with the 
view of following it as a profession, and, like many others who came 
under HalFs influence, Thorp always spoke of his old master and 
school in terms of devoted affection. In 1864, he proceeded to the 
fuller study of chemistry and related branches of science at the Royal 
School of Mines and the Royal College of Chemistry, and was again 
fortunate in being brought into contact with A. W. Hofmann, 
who then filled the chair of chemistry. Prankland, who succeeded 
Hofmann in this chair, appointed Thorp to the position of Assistant 
Chemist to the Rivers Pollution Commission, on which Frankland was 
the chemist, and Thorpes important work in this direction only 
terminated with the conclusion of the Commission's laboxirs in 1877. 
During his student days in the laboratory of the Royal College of 
Chemistry, Thorp had associated himself with two active investigators. 
With one of them, E. T. Chapman, he subsequently published the 
results of conjoint researches upon the extent to which a boiling 
alkaline solution of permanganate decomposes various organic sub- 
stances. With the other, Capel Berger, he prosecuted investigations 
into the hydrolysis of starch and other carbohydrates at temperatures 
higher than 100°, The latter investigations were undertaken for 
industrial purposes and were not published. At the death of Capel 
Berger in 1872, Thorp was asked by the firm of Lewis Berger and 
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Co. to continue the chemical work of their deceased partner. When 
the Rivers Pollution Commission had completed their experimental 
work, Thorp was appointed chief chemist to this firm, in which he 
afterwards held the position of director, and latterly the position of 
consulting chemist. During his active connection with chemical manu- 
facture, Thorp carried out much original work of the greatest value 
and was considered to be an expert in the chemistry of vermilion and 
of white lead. As a literary chemist, he worked with Groves in 
editing the technological volumes on Lighting and Gas-lighting ; he 
also contributed the section of water analysis to Sutton’s “Volumetric 
Analysis,” whilst he rendered constant aid on the publication com- 
mittee of the Society of Chemical Industry. Of the last-mentioned 
society he was an invaluable member, and had served as chairman of 
the London section and as Vice-President of the whole society. An 
original Fellow of the Institute of Chemistry, he advanced the 
interests of that Institute by his energetic, tactful, and judicious 
service on the Council, and, indeed, the councils of various associa- 
tions of chemists have always placed much value on Thorp’s assistance 
and advice. 

William Thorp was elected a Fellow of the Chemical Society in 
1866 ; he contributed to the Transactions and served on the Council of 
the Society, whilst few have preserved over so long a period a regular 
attendance at its meetings and have shown so great an interest in its 
procedure and success. 

Those who knew Thorp and had broken through his natural reserve 
are unanimous in their esteem and affection for him. A man of 
absolutely unimpeachable honour, a sincere and unwavering friend, an 
indefatigable worker throughout a life of weak and broken health, one 
who zoade it a duty to show courtesy and kindly consideration to all, 
it is felt by those who knew him best that his loss will indeed be an 
irreparable one. F. C, 

^With JoMAm Kabl Feedinand Ttemann, there passed away, on 
the 14th of November, 1899, one of those men whose memory will 
remain fresh with all who had the good fortune to be pupils of A. W. 
Hofmann during the period of his greatest activity at the University 
of Berlin. 

Dr. Tiemann was born on tbe 10th of June, 1848, at Riibeland 
^ Harz. At his father’s wish, he became apprentice to a druggist, 
but left in 1866 in order to study chemistry and pharmacy at the 
OoB^um Oarolinum— -the present Technical High School— at Bruns- 
wSfe In 1869, he proceeded to Berlin and entered Hofmann’s 
iaborat*^* The marvellous influence which the great master exer- 
cised ov^ all who came in contact with him was especially e;?-» 
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perienced by Tiemann. None of bis pupils was so long and so 
intimately associated with Hofmann or appeared more anxious to 
adopt his characteristic manners and habits. With the exception 
of one year’s absence whilst he served his country as a soldier in 
the Franco-German war, Tiemann was connected with the laboratory 
in the Georgenstrasse until Hofmann’s death. In his capacity as 
laboratory assistant for twenty years, he gave instruction in practical 
chemistry to hundreds of the students who thronged to the school 
of Berlin from all parts of the world, and who, like the writer of 
this brief sketch, gratefully remember the valuable help and kind 
advice they received from him. Hofmann’s striking personality and 
his astonishing faculty for making others work had a most stimu- 
lating effect on Tiemann. In 1878, he became a Privatdocent and 
four years afterwards was made Extraordinary Professor. His 
lectures on inorganic analysis and on a variety of subjects connected 
with organic chemistry, gave ample proof of his elocutionary ability 
and the great delight he took in lecturing. Besides the astonishing 
activity he displayed in teaching and in scientific investigation, he took 
for a long period an important part in the work of our sister Society 
in Berlin, fulfilling the double duties of Editor and Secretary. After 
holding the former office for fifteen years he resigned it in 1897, but 
remained Secretary until his death. The ability and tact he displayed 
during the tenure of these posts will be recognised by everyone 
who had to deal with him in his official capacity. In connection 
with the perfume industry, which was largely developed by his dis- 
coveries, he had occasion frequently to visit London, and this gave 
him opportunities of keeping up his acquaintance with English 
chemists. He became a Fellow of the Chemical Society in 1881. 

Tiemann’s work, although principally belonging to the field of organic 
chemistry, which he enriched by many brilliant discoveries, also dealt 
with chemical analysis. For many years he devoted himself to testing 
the various chemical methods for the examination of water, with the 
view of selecting those which allowed of the greatest simplicity in the 
necessary operations and apparatus, without impairing the accuracy of 
the results. This comparative study, besides forming the subject of 
Tiemann’s earliest publications in the B^Tichte^ is embodied in the 
revised edition of Kubel’s treatise on water analysis, which he pro- 
duced in 1874. Fifteen years later, he published, with Gaertner, the 
large handbook which treated of both the chemical and bacteriological 
examination of water. 

The work, however, which stamped Tiemann as an original investi- 
gator of the highest order, as well as making his name known beyond 
the chemical world, was his synthetical preparation of vanillin. In the 
important research on coniferin, which he carried out with the assist* 
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ance of V. Haarmann, he showed that this glucoside yielded, ofi 
oxidation, the aromatic principle of vanilla. Tiemanh elaborated a 
method for the quantitative determination of this substance in the 
bean, established its constitution, and ultimately made the manufac- 
ture of vanillin from coniferin possible. The application of Reimer^s 
well-known method for the production of hydroxyaldehydes by the 
action of chloroform and potash on phenols, whilst affording a method 
of obtaining vanillin, supplied Tiemann at the same time with experi- 
mental material which, with the additional use of Perkin^s reaetioii^, 
led to our extensive knowledge of the whole group of substances related 
to protocatechuic acid and its isomerides. 

The results arrived at by the study of coniferin induced him 
similarly to investigate other natural glucosides, such as hesperidin, 
daphnetin, and sesculetin, which he undertook in conjunction with 
Dr, Will and others. Hand in hand with these researches went the 
preparation of artificial glucosides by acting on the natural members 
of this group with acetaldehyde, or acetone in the presence of dilute 
alkali. 

He also carried out a series of experiments upon the nitriles, the 
results of which formed the subject matter of a large number of 
doctor-theses for his pupils. This work led to a general method of 
formation of amido-acids, amidoximes, azoximes, and hydrazoximes. 

The researches on glucosides, mentioned above, illustrate the pre- 
dilection Tiemann had for the investigation of plant products. It was 
due to the influence of his friend^ Prof. E, Baumann, that he also 
took up the study of substances occurring in the animal organism. 
They jointly determined, in 1879, the constitution of indoxylsulphurio 
acid which had been recognised previously by Baumann and Brieger 
as the indigo-forming constituent of animal urine. 

Five years later there followed Tiemann’s work on glucosamine, 
the base obtained by Ledderhose from chitin. Those who at the time 
worked in Hofmann's laboratory will remember the quantity of 
earthenware vessels filled with lobster shells which were required in 
this research for the preparation of glucosamine hydrochloride. Tiemann 
succeeded in establishing the relation of this base to grape sugar by 
transforming it into phenylglueosazone. By the action of nitric acid 
on glucosamine, he obtained isosaccharic acid ; he repeatedly studied 
add in order to fix its constitution, and finally concluded that it 
Was to be regarded as an bydrogenised furfuran derivative. 

In 1893 there began the series of papers containing Tiemann's 
■life^erly researches on the terpenes and camphors which continuously 
. oeOh^ed his^ until his death. The starting point of these 

inveeligaMoBs Was the isolation and study of irone, the aromatic 
principle of the violet root, which was carried out by Tiemann in 
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conjunction with G. de Laire and P. Kriiger, and culminated in the 
artificial prep^.ration of the valuable perfume ionone. Then came in 
quick succession his researches on pinene and camphor, which led to 
the knowledge of a large number of new derivatives, and especially 
those of the limonene group. Prof, von Baeyer has summed up the 
importance of Tiemann’s researches on this group by his statement 
that with this work the chemistry of the limonene group is to be 
regarded as fully established.’’ 

In the above sketch, the writer has attempted as briefly as possible 
to give an account of Tiemann’s scientific life work. His task has 
been rendered comparatively easy, as he was able to consult the 
excellent obituary notice of his late friend which Prof. Emil Fischer 
has recently published in the Berichte. S. P, 


Bb. David Watson was born on July 27th, 1846, in Kensington. 
He received his chemical education at the College of Chemistry in 
Oxford Street and at the Poyal School of Mines in J ermyn Street, 
where he took his Associateship in metallurgy and geology in 1867. 
After obtaining his doctorate at the University of London, he 
became a teacher of chemistry at Chester College, but subsequently 
turned his attention to technology, and after holding appointments 
with Cammell and Go., of Shefiield, and with Sir Lowthian * Bell at 
Washington, he became chemist, and afterwards manager, of the 
Broughton Copper Works, Manchester. He was elected into the 
Chemical Society on January 18th, 1872, and at the time of his death, 
December 15th, 1899, was chairman of the Manchester section of the 
Society of Chemical Industry. 


L . — Electrolysis of the Nitrogen Hydrides and of 
Hydroxylamine. 

By Emeriqub Charles SzARVASY, Ph.D. 

The present communication forms part of a comprehensive research 
I have undertaken in order to examine the behaviour of nitrogen 
compounds under the influence of the electric current, and therefore 
only a short account of the experimental facts will be given, leaving 
general considerations to a future occasion. 

The electrolyses of ammonia, hydrazine, azoimide, hydroxylamine, 
and their salts were carried out at different current densities, tern- 
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peratiires, and concentrations, and tlie conditions were determined 
under wliicb, by electrolytic decomposition, ammonia, hydrazine, or 
azoimide yields its two components in the proportion contained in 
the molecule. 

■* 

The experiments were carried out in an apparatus which admitted 
of the gases liberated at the two electrodes being collected and 
measured separately. An adjustable resistance amperemeter, a copper 
and a gas voltmeter were in the circuit, and a voltmeter in shunt. 


Ammoma, 

Solutions of ammonia and its mixtures with sodium chloride were 
electrolysed by Losanitsch and Jovitschitsch {Ber,^ 1896, 29, 2436), 
who found that secondary reactions almost invariably take place, the 
nitrogen liberated at the anode being less than that required by the 
proportion INgiSHg. An exceptional case occurs when the mixture 
9]Na01 : NHg is electrolysed at 100°; the gases are then liberated in 
the proportion ITg : 3 H 2 , and no secondary products are formed. 

My experiments (Table I.) show that if sufficiently high current 
densities are employed, ammonium hydoxide, either alone or mixed with 
sodium chloride, on electrolysis even at the ordinary temperature, 
yields its two component elements in the proportion contained in the 
molecule, unaccompanied by secondary reactions; only traces of 
nitrites and nitrates could be detected in the electrolysed liquid. 


Table I. 


Exp. 

Solution. 

Ti 

D 

C.C. at 0® and 760 mm. 

Temp. 

JJa* 

JJc» 

Nitrogen. 

Hydrogen. 

1 

1 

1 20 per cent, ammonia.. . 

352*1 

852*1 

5*6 

16*9 

20*1® 

2 

S 3 33 

246*5 

246*5 

10*2 

30*8 

22*2 

3 I 

1 33 >3 

153*6 

153*6 

11*7 

85*5 

21*7 

4 

1 3 » 33 

156*8 1 

1 156*8 

9*7 

29*2 

98*9 

5 

10 per cent, ammonia, 
20 per cent. NaCl 

1 

301*8 1 

301*8 

4*7 

14*2 

21*6 

6 

33 33 

260*1 { 

260*1 

6*6 

20*1 

22*4 

7 

>> 33 

211*8 , 

211*8 

8*1 

24*5 

22*2 

8 

33 33 

*’148*7 

148*7 

11*4 

34*4 

21*7 

9 

35 35 

147*1 

147*1 

7*8 

23*5 

99*3 


In the columns Ba and respectively, the current densities on 
the anode and cathode are given, the numbers being calculated in 
amp^s peiT square decimetre of electrode surface, 
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Hydrazine^ 

Solutions of the base in water, containing the hydrazine hydrate, 
are very bad conductors of electricity. 


Table II. 


Exp. 

Solution. 

Da* 

A. 

c.c. al 0® and 760 ram. 

Temp. 

Nitrogen. 

Hydrogen. 

1 

50 per cent, of hydrazine 

20*2 

20*2 

3*7 

7*4 

22-2° 

2 


50-6 

50*6 

4*4 

8*8 

21*7 

8 

>? >> 

117.-7 

117-7 

4*7 

9*4 

23*8 ; 

4 

ff, j> 

20*7 

20*7 

9*2 

18*4 

99*3 

6 

>) tf 

52*1 

52*1 

61 

12*2 

99*6 

6 

tf 

110*2 

110*2 

4*3 

8*6 

991 

7 

25 per cent of hydrazine 

21*7 

21*7 

6-7 

18*4 

22*2 

8 


48*8 

48*8 

6*6 

18*2 

23*4 

9 

ii tf 

120*1 

120*1 

6*3 

^ 10*6 

251 

10 

>i ti 

119*2 

119 2 

81 

16*2 

98*7 

11 

12 per cent, of hydrazine 

19*3 

19*3 

12*2 

24*4 

221 

12 

»> ) t 

56*4 

66*4 

! 7*3 

14*6 

22*4 

18 ! 

)} >> 

118*1 

118*1 

61 

12*2 

25*3 

14 


116*2 

1161 

6*4 

10*8 

99*2 


From this table, it can be seen that the hydrazine is resolved by the . 
electric current into INg : 2 H 2 , and that this proportion remains un- 
changed, however much the experimental conditions are varied. The 
reaction may be explained by assuming that the hydrazine hydrate is 
ionised by the current, the two hydroxyls being carried to the anode, 
forming 1 molecule of water and evolving 1 atom of oxygen, which 
oxidises the hydrazine to water, nitrogen being liberated. On the 
cathode, the free base reacts with 2 mols. of water, the hydrate being 
reformed and hydrogen liberated. 

The sulphate and chloride of hydrazine were also electrolysed ; the 
results are given in Table III (p. 606). 

When collected and examined, the gases were found to be pure 
nitrogen at the anode, and pure hydrogen at the cathode. No 
secondary products were detected in the electrolysed liquid. The 
chlorine liberated on the anode reacts with the hydrazine, forming 
hydrochloric acid with liberation of nitrogen. An analogous reaction 
takes place when hydrazine sulphate is electrolysed ; it is remarkable 
that no trace of the oxidation products of nitrogen could be detected 
in the liquid. 
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Table ITT. 



Azoimide, 


Before proceeding to a description of the experiments with azoimide, 
some details may he given concerning the preparation of this com- 
pound in considerable quantities, as this has always been considered 
a rather difficult and dangerous operation. 

With the exception of that of Wislicenus, the methods of different 
authors were found to give very poor yields j Wislicenus’ method, 
if a suitable apparatus is employed, allows of the preparation of 
azoimide on a large scale with comparative ease. 

The apparatus I used was a circular, thick-walled cast iron vessel 
rrith a straight iron outlet tube screwed in the shoulder at an angle 
of about 45°. The mouth of the vessel was closed by an iron plug 
which screwed down closely on an inner ledge, giving a gas-tight 
joint. An iron leading tube was fitted through the plug reaching 
nearly to the bottom of the vessel. The wall of the vessel was drilled 
with a vertical tube to carry a thermometer. The dimensions of the 
apparatus were such that 50 grams of sodium could be worked with 
in one operation. This amount was converted into the amide at a 
temperature of 360 — 390°. The amide was then converted into 


sodium azoimide by passing nitrous oxide over the fused product, 
ffor this part of the process the most favourable temperature was 
viioimd be from 190—220°. A yield of as much as 56 per cent, of 
;^J|^*:theoretical amount was obtained, this being about 6 per cent. 

I'hs.t recorded by Wislicenus. It was surprising to find 
^ P^Rct, the only possible explanation being that the 
carbon which, at about 400°, in presence of sodium, 

' forming sodium cyanide. The best way 
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to eliminate this impurity is to precipitate the crude sodium azoimide 
with alcohol, the sodium cyanide remaining in solution. 

, In the following table, the results of the electrolysis of the acid and 
its sodium salt are formulated : 


Table IY. 


Exp. 

Solution. 


A, 

c.c. at 0® and 760 mm. 

Temp. 

Nitrogen. 

1 

1 

Hydrogen. 

1 

' 20 per cent, azoimide,.. 

270 

270 

33-1 

11-1 

15® 

2 

99 99 

150 

160 

22-3 

7*5 


3 

93 .33 

112 

112 

25-2 

8-6 

33 

4 

33 33 

85 

86 

27*4 

9-2 


5 

82 *5 per cent, sodium 

281-2 

140-6 

70-35 

23-6 

20 


salt 






6 

J3 33 

162-5 

,81-2 

86-40 

* 29-4 


7 

3 3 33 

162-6 

1 81-2 

85-8 

29-4 


8 

33 33 

119 

69-6 

88-8 

30-45 


9 

3 3 3 3 

56*2 

112^5 

77-2 

26-6 

$ $ 

10 

33 }J 

,40 per cent, sodium salt 

462-6 

231-2 

78-2 

26-2 


11 

250 

125 

39-3 

13-21 

10—12 

12 

3J 33 

438 

219 

40-0 

13-4 

8—9 

18 

33 3 3 

182 

91 

39-6 

13-35 

10-12 

14 

33 . 33 

188 

94 

88-8 

13-1 

13—14 

16 

33 33 

115-6 

51 ‘8 

39-18 

18-2 

6—10 

16 

20 per cent, sodium salt 

112-6 

56-2 

39-21 

13-3 

10 

17 

JJ 33 

112-6 

66*2 

39-4 

13-3 

10 

18 

3 3 3 3 

250 

125 

39-18 

13-21 

10-16 

19 

32 per ceut. sodium salt 

100 

100 

48-2 

16-2 

24 

20 

JJ JJ 

165-6 

165-6 

89-6 

13-1 i 

24 

21 

JJ JJ 

168-7 

168-7 

21-4 

7-3 

24 

22 

JJ JJ 

259-4 

259-4 

31-2 

10-6 

30 

23 

JJ JJ 

275 

275 

84-9 

28-3 

40 


Slight traces of ammonia, but no oxidation products of nitrogen, 
were found in the electrolysed liquid. In some of the experiments, 
the ratio of hydrogen to nitrogen was found to be less than that 
required by the expression The deficiency of nitrogen seemed 

to indicate that some .condensation of this element to a polymeride of 
the type ITg or Ng had taken place on the anode during the electro- 
lysis. In order to test this possibility, density determinations of the 
gas evolved under two sets of conditions were made, but in each case 
the values obtained proved it to be pure nitrogen. 

As an extension of these experiments, it is my intention to electro- 
lyse mixtures of azoimide with its salts at "very high current densities 
and low temperatures, thereby hoping to effect a condensation of 
nitrogen in a process which is analogous to that in which percarbonates 
and persulphates are produced. 
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Hydroxylamine. 

I have made several attempts to electrolyse the base, but failed 
owing to the difficulty of preventing the spontaneous transformation 
of hydroxylamine into ammonia. 

Solutions of the sulphate of this base were electrolysed under varying 
conditions; the results show that secondary reactions always take 
place, the base being reduced on the cathode to ammonia and oxidised 
at the anode to oxygen compounds of nitrogen. Under certain con- 
ditions, the whole of the hydrogen is absorbed in the reaction. 

Bavy-Faeabat Resbaeoh Labobatoet 
< OP THE Rotal Institution. 


LI . — Constitution of Amarine, of its supposed Dialhyl- 
and Diacyl-derivatives, and of Isoamarine. 

By Feancis E. Japp, F.E.S., and James Moir, M.A., B.Sc. 

By the action of potassium hydroxide on dialkylamaronium* halides, 
various bases have been obtained, to which their discoverers have 
ascribed the constitution of dialkylamarines. Thus Claus and Elbs 
(Jsr., 1880, 13, 1419) prepared compounds which they regarded as 
dimethylamarine, C 2 iHjg(OH 3 ) 2 l:T 2 P* ^^d dibenzylamarine, 

P' — 140°). They state that these bases unite 

with hydracids to form salts isomeric with the original quaternary 
halides, but differing from them in being instantaneously decomposed 
by ammonia, even in the cold. 

Borodin {Anmilm^ 1859, 110, 83) had previously obtained, in like 
manner, a base which he formulated as diethylamarine, C 2 iHj 5 (C 2 Hg) 2 !N ‘2 
(m.p. 110-^-115°). 

We have re-investigated these three bases and can confirm the state- 
ments of the discoverers as to the physical properties of the compounds, 
except that Borodin's “ diethylamarine " melts, when pure, at 125° ; 
but we find that the bases have the composition of dialkylamarines plus 
the elements of a molecule' of water. Thus 

So-called dimethylamarine is 02iHjg(0H3)201T2. 

„ diethylamarine „ 

„ dibenzylamarine „ C 2 iHig( 07 Hy) 20 N 2 - 

These bases do not part with water on heating. Moreover, they 
anite with acids without eliminating water, so that, contrary to Olaus 

• We adopt Yictor Meyer’s suggestion tfier., 1894, 27, 606) that the names of all 
qnatemaiy ammonimn radicles and their analosues shonld end in “ oninTift-’' 
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and Elbs^s statement, the salts ai’e not isomeric with the corresponding 
dialkylamaronium salts. 

It is worthy of note that Claus {Bm\f 1882, 15, 2326), by the action 
of benzylic chloride on ‘‘ dimethylamarine/’ obtained compounds con- 
taining the elements of a molecule of water more than he had antici- 
pated. He regards these compounds as derivatives of “ hydroamarin'e," 
CgiHgoOMg, and assumes that the water came from the alcohol em- 
ployed as a solvent in the reaction. In reality, the elements of water 
were present to start with in the dimethylamarine.” 

We have made a detailed study of the so-called dibenzylamarine 
(m. p. 139—140°) and have arrived at the conclusion that it is 5c^izo2/^s- 

OgHg* OH'NH'Ci^Hy 

As the stereoisomeric «-diphenylethylenediamines (stilbenediamines) 
play an important part in this researcby it is necessary to indicate 
briefly the present state of our knowledge of these compounds, the 
more so as the literature of the subject is in a somewhat confused 
state. 

i-Diphenyletfiylenediamine {ystilhenediamiTie), m. p. 120 — 121°, was 
obtained by Grossmann (j5cr., 1899, 22, 2298) by reducing amarine in 
boiling alcoholic solution with sodium and hydrolysing the resulting 
dibenzylidene'i-diphenylethylenediamine with acids. It proved to be 
identical with a base of previously unknown constitution obtained by 
Muller and Limpricht by the action of ammonia on benzaldehyde con- 
taining hydrocyanic acid {Annalm, 1869, 111, 141). Grossmann does 
not state that his base is the meso-, or true inactive, form, as at that 
time it was the only form known. 

The stereoisomeric v-diphsnyhthylenediamim (m. p. 90 — 92°) was ob- 
tained by Feist {Ber., 1894, 27, 214) by the reduction of either a- or 
jS-benzildioxime, and was afterwards resolved into its optically active 
constituents by Feist and Arnstein^ {Ber,^ 1896, 28, 3169). Feist 
appears to have been unacquainted with Grossmann's work — at least 
he does not refer to it. In Beilstein’s Handbuchy^ZvA ed., 4, 978, and 
in M, M. Richter’s Letj&ihon der KoMemtoff-Yerhindungen^ p. 1397, 
Grossmann’s base and Feist’s base figure as one and the same sub- 
stance. 

We have examined the two bases and find them quite distinct. 

We endeavoured to obtain independent evidence of the configuration 
of Grossmann’s base by converting it, by the action of nitrous acid, into 
the corresponding ajfl-diphenylglycol. The expected hydrobenzoin was 

* We follow Feist and Arnstein’s practice in referring to this base as racemic, 
although, for anything these authors show to the contrary, it may, like isohydro- 
benzoin, with which it corresponds, be a mere externally compensated mixture of the 
two enantiomorphs. 

yOL. LXXVII, 


u u 
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obtained, but apparently mixed with a little isohydrobenzoin. More- 
over, isodiphenylhydroxethylamine was formed as an intermediate 
product, instead of the expected diphenylhydroxethylamine. These 
results, as we show later, indicate the occurrence of a migration, so that 
no direct conclusion can safely be drawn from them as to the configura- 
tion of Grossmann^s base. But they confirm the view that this base is an 
a^-diphenylethylenediamiue, and it must therefore be the meso-form, 
inasmuch as Feist’s stereoisomeric base has been resolved into the 
dextro- and Isevo-forms. 

The chief result of the present investigation is to show that 
amarine and its supposed dialkyl compounds are derived from Gross- 
mann’si-diphenylethylenediamine, whilst Snape and Brooke’s isoamarine 
is the corresponding*raceinio (or, possibly, only [d + ?]-) form, derived 
from Feist’s r-diphenylethylenediamine. 

By reducing dibenzylidene-i-diphenylethylenediamine with sodium in 
alcohol, Grossmann (loc. cit., 2301) obtained s-dibenzyH-diphenyl- 
O H TT 

ethylenediamine, (m. p. 153°). We have confirmed 

the symmetrical structure of this compound by preparing from it a 
diniiroso-eomponnd (needles, melting at 233°). 

By acting with benzoic chloride on s-dibenzyl-^-diphenylethylene- 
diamine, we obtained, as chief product, a dihmzoyl derivative, 

CgH 5 -GH:-]Sr( 0 ^H;^)* 00 *C 6 H 5 268°), and m smaller quantity, a 

m<mo6ewz<^Z derivative, 139-6°), the 

latter being identical with Claus and Elbs’s so-called dibenzylamarine, 
the true constitution of which was thus rendered clear. This constitution 
was omfirmed by the observation that Claus and Elbs’s ‘‘dibenzyl- 
amarine,” prepared from dibenzylamaronium chloride, yields, when 
heated with benzoic chloride, a monobenzoyl derivative (m. p. 268°) 
identical with the foregoing dibenzoyl-s-dibenzyl-i-diphenylethylene- 
diamine. 


Judging from the analogy of the so-called dibenzylamarine, Claus and 
Elbs’s so-called dimethylamarine (m. p. 146°) is henzoyl-^-^dimethyU- 

Borodin’s so- 

■jalled diethylamarine is the corresponding derivative 

CjBj'Xtei-NH'OjHj ’ other so-ealled dialkylamarines 

■ ‘4^^1^>“^yla’“arine”— dwcribed by Claus and his pupils will 
undergo similar modifications both, of composition 
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We find that when monobenzoyl-s-dibenzyl-^-diphenylethylenediamine 
hydrochloride is heated to 220®, it parts with the elements of water, 
yielding dibenzylamaronium chloride : 


C,H5-9H-N(0,H,)-00-08H5^ OsHs-OH— N(C!,H,) h + h o 

C6H5*0H-N^(0yHr)H20I CgHg- OH-N'^(CVHj)Cl=^ ® ® ^ ’ 


a reaction which proves conclusively the constitution of. the dialky 1- 
amaronium salts. An analogous change occurs with the salts of other 
acids. 

In like manner, benzoyl-s-dimethyl-^-diphenylethylenediamine hydr- 
iodide (“ dimethylamarine ” hydriodide) parts with the elements of 
water when heated, yielding dimethylamaronium iodide, the reaction 
in this case taking place, although slowly, even on boiling an aqueous 
solution of the salt containing free hydriodic acid. 

Amarine is therefore ^-phenyln ^ : ^-oi^-diphenylA ; h-dihydroimidazoley 


H 


OgHj-C— N 
H 


>C-OeH 


6> 


I. cw-Modification {mcso). 


NH 


employing the numbering of the imidazole ring 



adopted by M. M. 


Richter in his Lecdhon der Kohlemtoff-Yerhindungen. A formula 
structurally identical with the foregoing, but in which the configura- 
tion was not indicated, was put forward by Claus (Rer., 1882, 15, 2333). 

Two further formulae for amarine were suggested by Emil Fischer : 
either 




la. 


I&. 


1882, 2rll, 217)* The latter formula was also proposed 
independently by Japp and Robinson (Trans., 1882, 41, 329). It is 
to be noted that these two formulse are tautomeric modifications of 
Formula I — la being an intermediate stage in the transformation of 
I into K. 

It appeared possible that Bahrinann’s diace tyla marine {J, pr, Che^n*, 
1883, [ii], 27, 298) and Claus and ScherbeFs dibenzoylamarine (Ror., 
1885, 18, 3083) might be derived from the di-imino-form Ih, We find, 
however, that neither of these compounds has the constitution — or 
even the composition — assigned to it. The supposed dibenzoylamarine 
proves to be identical with Grossmann^s s-dihenzoyl-i-diphenylethylene* 

U 0 2 
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diamine^ ® ^ | 


C«H«-CH-NH-CO-C«K 


® ® (^oc. 2300), whilst the supposed 


CeHs-CH-NTH-CO-OgHs ' 

diacetylamarine is the corresponding acetylhmzoyl’-i-diphenyhthylene- 

.. . CeHg-CH-lSrH-CO-OHg rpu ^ Kf • ^ K 

diamine, » s j ^ . These compoxinds are obtained by 

CgBCgi* 0££*1 jTB[* CO*OgHg 

acting on amarine with acid chlorides and boiling the product with 
alcohol. A monacylamarine is probably first formed, and then takes 
up the elements of water, the dihydroimidazole ring opening up in the 
process, Just as in the formation of the supposed dialkyl-amarines. 
In confirmation of this view, we find that monobenzoylamarine, when 
warmed with acids in alcoholic solution, is speedily transformed into 
s-dibenzoyl-^-diphenylethylenediamine, 


OeH^-CH-N-OO-OeHs 


+ HO = OeH5*9H-NH-00-CeH, 
^ 0«H.-CH-NH-00-0«H/ 


We have not examined Bahrmann^s ‘‘dicarbethoxylamarine,^^ which 
he obtained by the successive action of ethylic chlorocarbonate and 
alcohol on amarine {loe, cit, 303), but we would point out that his 
analytical results agree better with the formula of a henzoylca/rhethoxyU 

i-diph/enyleihyUnediamine, 9^ than with that which 

OgHg’ OH-NH* CO-OgHg 

he deduces.* This would bring it into line with the two preceding 
compounds, and all evidence in support of the di-imino-formula for 
amarine would be thus withdrawn. 

On account of the cis-position of the 4 : 5-phenyl groups, amarine is 
a meso-compound and ought not to exist in optically active forms. 
The asymmet^ of its formula, dependent on the presence of a hydrogen 
atom in position 1, is only an apparent asymmetry, as this hydrogen 
atom may oscillate, by tautomeric change, between positions 1 and 3 
(compare v. Pechmann, Ber,, 1895, 28, 876). The 1-monalkyIamarines 
would, however, probably be separable into optically active isomerides. 

There ought, however, to be a stereoisomeric amarine in which the 
4 : 5-phenyl groups are in the J5v•ar^s-position, and which would there- 


fore exist in optically active forms. This compound is easily obtained. 
We find that when amarine is fused, 8 per cent, of sodium added, and 
the temperature raised to 190 — 200°,‘the whole solidifies, owing to 
the formation of a sodium compound of Snape and Brooke’s isoamarine 
(Trans., 1899,75, 208), from which an excellent yield of the free base 


may be obtained. Isoamarine may also be prepared by heating 
hydrochloride for a short time at a temperature a few 

^ 6*31, 6*26; N=7'01 per cent. .The 

'requires 0= 74*22; H=618; N=7*22; 
would require 0=73*30; H=6*88; 
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degrees above its melting point, when it is for the most part converted 
into isoamarine hydrochloride. A little lophihe is simultaneously 
formed in both reactions, but, in the case of the hydrochloride, this 
may be almost completely prevented by carrying out the heating in 
an atmosphere of' gaseous hydrogen chloride. 

Suspecting isoamarine to be the racemic form of amarine, we made, 
with Professor Snape’s permission, some experiments to test the 
correctness of this supposition. In the first place, however, an ebullio- 
scopic determination of the molecular weight showed that isoamarine 
is isomeric — not polymeric — with amarine. 

Isoamarine was then reduced with sodium in boiling alcoholic solu- 
tion. As in Grossmann’s analogous experiment with ordinary amarine, 
a benzylidene derivative was obtained, which, on hydrolysis with acids, 
yielded a base — in the present case. Feist's r-diphenylethylenediamine. 
This shows that isoamarine is related to the latter base in the same 
way as amarine to Grossmann's i-diphenylethylenediamine. This con- 
clusion was confirmed by the fact that Feist’s base (prepared by the 
reduction of a-benzildioxime), when heated with benzoic acid at 
170 — 180°, yielded isoamarine. Amarine benzoate, heated at the same 
temperature, undergoes no change, showing that isoamarine is the 
primary product in the foregoing synthesis. 

Isoamarine is therefore the racemic form* of amarine. It is a 
combination of the two opposite optically active forms of %phenyl- 
4 : 5-trans-<fipy^ewy?-4 : ^‘dihydroimidazoh, 


OeH, 


H 

pr*n— ® ^ OgHj-C — ® ® 

H 




II. ;{m?is-Modification (racemic) .f 


The possibility of tautomeric oscillation of the hydrogen atom of 
the imino-group between the two nitrogen atoms points to the ex- 
istence of only one pair of enantiomorphs. In the case of the 1-mon- 
alkyl-isoamarines, there should be two pairs. 

Feist and Arnstein (iJer., 1895, 28, 3177) state that by heating 
^-dibenzoyl-r-diphenylethylenediamine in a current of gaseous hydro- 
gen chloride, they obtained an isomeride of amarine melting at 175°. 
We have repeated this experiment and find that the compound in 
reality melts at 198°, and is in all respects identical with Snape and 
Brooke’s isoamarine. 


* Or, possibly, only the 

+ Since the publication of our preliminary note on this subject (Proc., 1899, 15, 
212), Snape has announced (Proc., 1899, 15, 228) that he has succeeded in resolving 
isoamarine, by means of tartaric acid, into its enantiomorphs. 
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The earliest preparation of. this compound, however, dates much 
further back. We find that the base which Ekman {AnnaZen,, 1859, 
112, 169) obtained, along with other products, by heating dry 
hydrobenzamide hydrochloride, and which, according to him, has the 
rdelting point 200° and the formula is in reality isoamarine, 

CgiHigl^g* reaction, amarine hydrochloride is doubtless first 

formed, and is then changed, by the further action of heat, into iso- 
amarine hydrochloride, as in the reaction described by us. 

We leave the further investigation of isoamarine to Professor 
Snape, and are greatly indebted to him for allowing us to pursue the 
subject so far, 

Dibenzylamaronium chloride yields a stable, crystalline dichromate 
of the formula ( 035 H 3 j]N' 2 Cl) 2 ,H 2 Cr. 2 p 7 (m. p. 173°), which may be 
boiled with glacial acetic acid without undergoing decomposition. If, 
however, a little strong hydrochloric acid is added to the solution in 
glacial acetic acid and the mixture boiled, the chromic acid is reduced, 
and dibenzyUophonium cldoride is formed. This mode of formation 
shows that the latter substance has the constitution 






instead of, as suggested, by Japp and Davidson, 


C6H5-[]-N-(a,H,)2Cl 




(Trans., 1895, &1, 33). In the formation of (Quaternary halides from 
imidazoles and alkylio halides, the iminie hydrogen is, therefore, first 
replaced by alkyl, after which the alkylic halide unites with the other 
nitrogen atom— that is, with that which was tertiary from the begin- 
ning, This has recently been proved in a totally difierent way by 
Pinnow and Samann {Ber., 1899, 32, 2181). The mechanism of the 
formation of the dialkylamaronium halides from amarine and alkylic 
halides is identical with this. 

We incline to the view that the so-called dibenzyUophonium 
hydroxide (Japp and Davidson, he. cit.) has either the constitution 
OoHg* G •H(C5.H^)-CO-CeH5 

CgH 5 ’C*iN'H* ^ corresponding with that of the analogous 


amaxihe derivative, 




latter 


being the carbinol formula proposed by Niementowski {Ber., 1887, 20, 
class of pseudo-ammonium bases. Its solubility in 
out of keeping with the . constitution of a true 
.^^|^^P®^;^^hitherto ■■ assigned,, to it^ ■ Tn contact with 
^ salt of the 
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formula already given, the halogen or acid group attaching itself to 
nitrogen. 

Various other results which were obtained in the study of “dibenzyh 
amarine,"' 02 iHjg( 0 . 7 Hi 7 ) 20 N 2 , and which in part led us to make the 
experiments already referred to, are described in the experimental 
portion of this paper. They entirely support the views here put 
forward as to its constitution. 


I. The Dialetlamaronium Salts and the Supposed 
Dialkylamarines. 


pH— 


,CsH 5 *CH-NX 07 H,)Cr 


A. Dihmzyl Derivatives, 

Dihenzylamaronivm GMoride {Benzylarrtarinehenzylic' CMoriie)^ 

^O'CgHg. — ^The method of preparation described 

by Claus and Eibs {Ber,, 1880, 13, 1420) was followed, but the process 
of purification was modified. 

A solution of 50 grams of amarine and 30 grams of benzylic chloride 
in 150 c.c. of alcohol was boiled for 12 hours, using a reflux con- 
denser. On cooling, amarine hydrochloride * separated in large, six- 
sided plates. The mother liquor from these was evaporated to dryness, 
and the residue extracted with a small quantity of boiling acetone, 
which readily dissolved the quaternary chloride, leaving behind any 
amarine hydrochloride ; on expelling the acetone, the quaternary salt 
remained as a resinous mass. In this form it was used for the various 
expeidments about to be described j but by cautiously adding strong 
hydrochloric acid to its cold saturated aqueous solution, it may be 
obtained in small, clear prisms, melting at 49 — 52° (40 — 75°, Claus 
and Elbs ; 45°, Claus and Kohlstock). Contrary to the statement of 
previous investigators, it is decomposed by ammonia, but only by long 
heating with alcoholic ammonia at 100°; it thus yields the so-called 
dibenzylamarine (m. p. 139°). 

Various other dibenzylamaronium salts were prepared for the 
purpose of comparing them with substances formed in other reactions 
{vide infra). They are readily obtained by double decomposition of 
dibenzylamaronium chloride, in alcoholic solution, with the silver salt 
of the required acid. 

Nitrate^ C)2iHj^(CijrH^)2H2*NOg. — Crystallises from benzene in thin, 
lustrous, rectangular laminae, melting at 157 — 158° Very soluble in 


* Incidentally, we prepared and analysed amarine platinichloride. 
from dilute alcohol in microscopic, oblique laminae of the formula 
(C.jiE[jgN2)2, HaPtClg, 2 H 2 O. 

It has been hitherto represented as anhydrous. 


It crystallises 
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alcohol. An analysis of a specimen of this salt, obtained by a different 
reaction, is given later on. 

Acetate, — Oblique prisms, melting, not sharply, at 134®. Not 
analysed. 

The nitrite and the henzoate are gums, and were not analysed. 

The foregoing salts, like the chloride, are decomposed by potassium 
hydroxide, but are unaffected by ammonia in the cold. 
Dihenzylamaronium chhHde dichromatey^ 

— This peculiarly constituted salt was obtained in the course of an 
attempt to oxidise dibenzylamaronium chloride. 10 grams of the 
latter compound were dissolved in glacial acetic acid, and 2 grams of 
chromium trioxide, in the same solvent, were added to the hot solution. 
No oxidation took place ; and on cooling, orange-coloured tabular 
crystals, somewhat like potassium dichromate in appearance, were 
deposited. They were recrystallised from boiling glacial acetic acid. 
They melted at 173®, evolving benzylic chloride and leaving benzyl- 
lophine (m. p, 165®), mixed with reduced chromium compounds. 
Analysis gave the following figures : 

0*5538 gave 0'0690 OrgOg. Cr = 8*53. 

1-0787 „ OaSSlCrgOg. Or = 8*57. 

0*9019 „ 0*2067 AgOL 01=5*67. 

0*7035 „ 0*1638 AgOl. 01=5*74. 

[02iHi^{0yHy)2N201]2,H:2Cr207 requires Or = 8*34; 01 = 5*69 percent. 


In this salt, the chromic acid is in combination with the tertiary 
nitrogen atom of the dihenzylamaronium chloride,, and may be removed 
by ammonia in the cold. By dissolving the salt in coW alcoholic 
ammonia, adding water, and extracting the liberated dibenzylamar- 
onium chloride with chloroform, the latter salt may he obtained in a 
state of great purity. It remains as a colourless gum on evaporating 
the chloroform, but may be made to crystallise by the method already 
described. 


Oxidation qf Dihenzylamaronium Chloride to Dihenzyllophonium 
Chloride, — As already mentioned, dihenzylamaronium chloride dichrom- 
ate may be boiled with glacial acetic acid without undergoin<y 
chemical change. If, however, hydrochloric acid is added, oxidatiom 


takes place and the lophonium derivative is formed. Doubtless it 
li|)erated chlorine which withdraws hydrogen, 
yearns of dibenzylamaronium chloride dichromate were boiled 
of glacial acetic acid insufficient to dissolve the whole, 
added, and the boiling continued 

name “ chloro-diehromate,'’ as it might suggest 
of the chloro<3iromates. 
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for 10 ULinutes, when all dissolved and the chromiuni trioxide was 
reduced. On diluting with water, dibenzyllophonium chloride separated, 
recognisable by its characteristic crystalline form and its melting 
point (253^^). The platinichloride showed under the microscope the 
characteristic four- and six-pointed twin crystals (Trans., 1895, 07, 37). 


0*7897 gave 0*1110 Pt. Pt= 14*06. 

[C2iHiQ(0^H^)2]Sr201]2,Pb0l4 requires Pb« 14*32 per cent. 

Dibenzyllophonium chloride has, therefore, the constitution 
C6H6*C*N^(0,Hy)Cl^^ 




starting from the constitution of dibenzylamaronium chloride proved 
in the present paper. 

Clam mi EWb warming dibenzylamar- 

onium chloride mth alcoholic potassium hydroxide, as described by 
Claus and Bibs (^oc. cii.), it is decomposed. We can confirm their 
statements as to the physical properties of the resulting compound, 
which crystallises from alcohol in slender, felted needles, or in rosettes, 
melting at 139^^. Analysis, however, gave figures differing considerably 
from those required fox dibenzylamarine, but agreeing well with the 
composition of dibenssyla/rmrme plus a molecule of water^ C/35H32OIT2. 


0*1638 gave 0*5076 CO2 and 0*0963 H2O. 0=84*52 ,* E = 6*53. 

0*1643 „ 0*5077 002 „ 0*0971 HgO. 0 = 84*27 ; H = 6*57. 

0*1527 „ 0*4742 002 „ 0*0965 HgO. 0 = 84*70; H = 7*02. 

0*1552 „ 0*4803 002 „ 0*0926 HgO. 0=84*40; H = 6*62.* 

0*4561 „ 22*35 c.c. moist nitrogen at 14° and 769 mm. NT = 5*72 
0*4042 „ 19*05 c.c. „ „ 14° „ 773 mm. 17=5*64, 

* 0g3B[32OK2 requires 0 = 84*68 ; H = 6*45 ; 17 = 5*64 per cent. 


No analysis of this substance is given in Olaus and Elbs^s paper; 
but Elbs {Irurngural-Dissertation^ Freihv/rg 1881, p. 21) gives a 
single combustion, the results of which — 0 = 87*78, H=6*50 
agree with the composition of dibenzylamarine, OggHg^N g. Required : 
0 = 87*86, H = 6*27 per cent. He did not determine the nitrogen. 

It is evident, however, from our analyses, that the compound has 
the formula OgjHggONg, and that it is formed from dibenzylamaron- 
ium chloride according to the equation 


02iHi^( 0^H,)2N2CI + KOH = C2iH,8(07H7)20N2 + KOI. 

It does not contain water of crystallisation, as it does not lose 

* Oombuation lY was made by Mr. Alexander Findlay wibh a specimen of the 
substance again crystallised from alcohol. 
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wekM on heating at 120°. We show, later on, that it is lenzoyl-e.- 

... , , , . C6H5-CH'N{C,Hy)*CO-CeH5 

dihmzylA-^iph^yhthyU'iied%(i7m ^ ^ * 

It nnites directly with acids to form salts, which, therefore, contmry 
to Clans and Elbe’s statement, are not isomeric with the corresponding 
dibenzylamai'onium salts, into which, howeTer, they are transformed, 
with elimination of water, on heating. Owing to the occurrence of 
this Ghmge, their melting points are somewhat uncertain. As stated 
by Clans and Elba, ammonia instantaneously decomposes them, even 
in the cold. They are best prepared in alcoholic solution. 

Sydroohlonde, G^n^s(G^Kj)fiE^,B:Ol—GoloiaThs$ prisms, melting 
at 188° (197—199°, Claus and Elbs), readily soluble in alcohol, spar- 
ingly in water. 


0-7640 gave 0-1 985 AgCL' Cl = 6-51. 

C2^Hi3(C7H^)pN2,HCl requires Cl = 6*66 per cent. 

Claus and Blbs’s formula, C2iH33(C5.H7)2N2,HCl, on the other hand, 
requires Cl = 6 *9 per cent., whereas Elbs {loc. cit,) finds 6’6 per cent, 
Platmichloride/ [C2iHi3(O7H^)2ON2]2,H2PtCl0. -- Orange-coloured, 
microscopic needles, melting at 195*5® (206°, Elbs). 


0*5133 gave 0*0714 Pt. Pt= 13-91. 

0-6094 „ 0-0845 Pt. Pt= 13-90. 

[O2iHi3(0^Hy)2ON2]2,H2PtCl6 requires Pt = 13*95 per cent. 


analysed. Prepared by adding nitric acid to a glacial 
acetic acid solution of the base, and then dilating. Posettes of thick 
prisms frmn alcohol on addition of ether. Melts at 174°, evolving 
^Bts and turning yellow. The products of the decomposition by heat 
are described in the next section. 


Action of Seat on the Salts of the Bme^ 02iHig(C.7H^)20!N'2. — The fore* 
going hydrochloride of the base was heated at 220° for a few minutes. 
Vapours were evolved, having a slight odour of benzylic chloride. 
The residue, purified by solution in chloroform and precipitation with 
ether, was dissolved in alcohol and treated with aqueous ammonia,- to 
precipitate unaltered base. There was hardly any precipitate, and the 
non-precipitated portion proved to be dibenzylamaronium chloride ; 
when isolated, it melted at 38 — 45°. It was further identified by 
conversion into the dichromate, [C2iH3LY(CyH^)2l72^y2»®^2^^2^7> 
j^wed the correct melting point of 173°. The mechanism of the 
by which “ dibenzylamaiine ” hydrochloride is converted, with 
""" ■ water, into dibenzylamaronium chloride, is discussed in 
Sfeps'paper.-.' 

zylamarine” was heated in’, the same way at 
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185° 5 it turned brown and gave off a vapour smelling like nitro- 
benzene. The residue, dissolved in alcohol, deposited a quantity of 
the nitroso-derivative of dibenzylamarine which melted at 167° 
(see following section), and the mother liquor, on addition of ether, 
gave leaflets, which, after frequent recrystallisation from benzene, melted 
at 157°, and were identical with the synthetic dibenzylamaronium nitrate 
already described. 

Action oj Nitrous Acid on the Compound C2iH23(0i7Hi^)20N2. — 
Dibenzylamarine ’’ was dissolved in glacial acetic acid, the solution 
was slightly diluted with water, and an equal weight of sodium nitrite 
was- gradually added. A white, crystalline compound separated, and 
was purified by recrystallisation from alcohol, from which it was 
deposited in rectangular laminse melting constantly, at 168°.* It is 
readily soluble in chloroform, and on adding ether to the solution, 
separates in long, flat needles. It is not altered by ammonia, or by 
alcoholic potassium hydroxide even at 160°. It gives Liebermann^s 
reaction for nitroso-compounds. 

0-1 180 gave 0-3461 COg and 0*0636 HgO. C = 79*99 ; H = 5*99. 
0*1117 „ 0-3270 002 „ 0*0585 HgO. 0 = 79*84 ; H = 5-82. 

0-2880 „ 20*76 C.C. moist nitrogen at 14° and 736 mm. N = 8-19. 

requires 0 = 80*00; B[ = 6*90; ]Sr=8-00 per cent. 

The compound is the nit/rosamine of henzoylr^-dihenzylA’diphenylr 
ethyknediamine, and has the constitution 

06H5-CH-N(CVHyyN0 

It differs, both in its physical properties and in its resistance to the 
action of potassium hydroxide, from the isomeric dibenzylamaronium 
nitrite. 

When the nitrosamine is heated above its melting point, it evolves 
gas, and yields, as chief solid product, lophine, which was identified 
both by its properties and by analysis. 

In the preparation of the nitrosamine, especially when excess of 
sodium nitrite was employed and the mixture was heated, the alcoholic 
mother liquors gave, on dilution, needles of lophine, together with an 
oily substance. By extracting the latter with alcohol, a very soluble 
substance was removed and some nitrosamine was left. The soluble 
substance, which remained on evaporation of the alcohol, was crystal- 
lised, first from benzene, with the addition of light petroleum, and 
afterwards from alcohol, with the addition of ether. It was thus ob- 

* In the first preparation of this substance, wo obtained it also in short, slend^' 
needles melting at 166®, and in our preliminary note (Proc,, 1899, 15, 227), descri^' 
it as dimorphous. We hare been unable to obtain this form in subsequent 
ments. , 
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taiaed in very lustrous, thin, rectangular leaflets melting at 157 158°. 

The substance is dibenzylamarmiurifi nitrate^ 

0-1718 gave 0*4878 COg and 0*0936 HgO. 0 = 77*44 ; H = 6*05. 
0*2857 „ 18*95 c.c. moist nitrogen at 11*5° and 744 mm. IN =s 7*72. 

^ 2 iHi 7 (C 7 H^) 2 lsr 2 *]Sr 03 requires 0 = 77*63 ; H = 5*73 j N = 7*76 percent. 

It was indistinguishable from the synthetic nitrate prepared from 
dibenzylamaronium chloride and silver nitrate, and, like this com- 
pound, is stable towards ammonia in the cold, but is decomposed by 
potassium hydroside with formation of diben25ylamarine.” 

Action of Benzoic CMoride on the Compound 02iHjg(0.7B[.^)20N2. — 
Dibenzylamarine ” was boiled with benzoic chloride for a few 
minutes. Addition of ether precipitated a crystalline substance which 
was almost insoluble in alcohol, but could be recrystallised from a 
large bulk of benzene, adding a little light petroleum to start the 
crystallisation. It formed microscopic, six-sided or lozenge-shaped 
plates, melting at 268°. It may also be readily recrystallised by dis- 
solving it in chloroform and adding ether. A nitrogen determination 
showed that a benzoyl group had been introduced into the molecule of 
dibenzylamarine.’^ 

0*2230 gave'9*00 c.c. moist nitrogen at 12° and 756 mm. N = 4*77. 

^42®^36 0^2 requires N = 4*67 per cent. 

It is B^ihenzoyldibcTizyl^i^iphmyle^^^ 

CeH,-CH-N[(C7S,)-00*0,H5 

CeH,:<fe-isr(o^)*co*CgH; 

and is quite distinct from the isomenc dibenzylamaronium benzoate. 
The latter is an uncrystallisable gum, which is converted by warming 
with alcoholic potassium hydroxide into “ dibenzylamarine,*’ whereas the 
present crystalline compound is unaffected by this reagent even at 160°. 

Ecduction of the Compound Eydriodic 

Add . — A mixture of 20 grams of “dibenzylamarine,” 10 grams of 
amorphous phosphorus, and 200 grams of hydriodic acid of sp. gr. 1 *7, 
was boiled for 5 hours, using a reflux tube. On cooling, a consider- 
able quantity of crystals separated. The whole was filtered, and the 
dried cake of substance was disintegrated by extraction with excess of 
ether. The undissolved residue {a) consisted of the hydriodide of a 
compound, OggHggONg, mixed with excess of phosphorus. The ethereal 
extract (p) contained benzylic iodide, dibenzyl, and benzoic acid. The 
original hydriodic acid filtrate was diluted and neutralised with 
^ podium hydroxide ; it gave a flocculent precipitate (c) consisting of 
^e compound with a further compound, GgiHggN'a* 

''^te from this precipitate was steam distilled, and the distillate (d) 
tained beni^lamine and ammonia. 
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The following methods were employed in the isolation and examina- 
tion of these various substances. 

The undissolved residue {a) was extracted several' time's with boiling 
alcohol ; the solution on cooling gave prismatic needles of a hydriodide 
melting at 217°. These were redissolved by beating, and 
ammonia was added, causing an immediate bulky precipitate of a 
sparingly soluble base. It was practically pure, and the yield was 
8 grams. Tor analysis, a portion of it was recrystallised from a large 
bulk of boiling alcohol ; it formed minute needles melting at 218*5°. 
It is fairly soluble in chloroform, and may be recrystallised from this 
solvent. It is very stable, and, when heated in a vacuum at 280°, 
distilled in part unchanged. Analysis gave figures agreeing with the 
forn^ula C,H,ON, 

0*1385 gave 0*4191 CO^ and 0*0814 H^O. 0 = 82*63 ; H = 6*63. 

0*1260 „ 0*3806 002 „ 0*0737 HgO. 0 = 82*38; H = 6*50. 

0*2492 ,, 14*96 c.c. moist nitrogen at 15° and 760*5 mm. 17=6*94. 

CggHgeOITg requires 0 = 82*76 ; H = 6*40 ; NT = 6*90 per cent. 

Iodine was determined in the recrystallised hydriodide (m. p. 217°) : 

1*0172 gave 0*4428 Agl. 1 = 23*52. 

OQgHgeONg,^ requires 1 = 23*78 per cent. 


The hydrochloride (not analysed) is a microcrystalline powder melt- 
ing at 266 — 258°. 

The base, OggHgeOITg, is formed from ‘‘ dibenzylamarine " by the 
replacement of a benzyl group by hydrogen, and is consequently henz- 

„ , r . OgHs-CH-NH-CO-CgHfi 

oylbenzyl-i-diphe7iylethylened%am%ne, n tt ' 

Og Jig • U ±l • 

The presence of an imino-group in this compound is shown by the 
formation of a nitrosamine, which was obtained as follows. The 
compound, OggHgsOFg, was dissolved in excess of glacial acetic acid, 
and a solution of nitrous acid in acetic acid (prepared by adding 
sodium nitrite to glacial acetic acid and then diluting slightly to 
dissolve the sodium diacetate) was mixed with it. An insoluble 
nitrosamine was precipitated. It was filtered off, washed with 
acetic acid, first glacial, then dilute, and finally with alcohol. It 
melted at 246°. 


0*1915 gave 15*65 c.c. moist nitrogen at 15° and 772 mm. ]Sr = 9*72. 
CggHggOgKg requires N = 9’65 per cent. 

CeH,-GH-NH-CO-CeH, 

The compound is -NO ’ 

An attempt which we made to convert benzoylbenzyl-i-diphenyl 
ethylenediamine hydrochloride by the action of heat into benzyl- 
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araanne hydrochloride and water — a reaction which would have 
corresponded with the transformation of dibenzylamarine hydro- 
chloride into dibenzylamaronium chloride— proved unsuccessful. 

The ethereal extract (6), on distilling off the ether, left an oil with 
the irritating smell of the benzylic halides. On heating a small 
quantity in a test-tube, it decomposed giving off iodine, and doubtless 
contained henzylic iodidQ, The remainder of the oil, after heating on 
the water-bath until the benzylic iodide was volatilised, solidified on 
cooling. !By means of sodium hydroxide, it was separated into 
e 5 ^^_idantified by its -physical properties — and a hydrocarbon ; the 
latter proved to h& dihenzyl, and after recrystallisation, first from light 
petroleum and then from methy lie alcohol, melted at 52*5® (m. p. of 
dibenzyl, 52°), whilst its cold supersaturated solution crystallised in- 
stantaneously on introducing a crystal of a known specimen of di- 
benzyl. 

0T123 gave 0*3800 COg and 0*0809 HgO. 0 = 92*29 ; E[ = 8*00. 

CgHg- GHg- OHg- CgHs requires 0 = 92*30 ; H = 7*7 0 per cent. 

The floceulent precipitate (c) was extracted with alcohol ; this re- 
moved a readily soluble base, leaving a residue of impure benzoyl- 
benzyl-i-diphenylethylenediamine. The alcoholic solution, on concen- 
tration and dilution? gave long needles of the readily soluble base. It 
was found that it could bo best purified by expelling the alcohol, dis- 
solving the residue in dilute hydrochloric acid, filtering from resinous 
matter, repreeipitating with sodium hydroxide, and I’ecrystallising 
twice from methylic alcohol by dilution with water. By drying the 
substance thus obtained and washing with a few drops of ether, it was 
obtained in a colourless condition. It formed long needles melting at 
Analysis gave figures agreeing with the formula O 21 H 22 N 2 . 

01380 gave 0*4209 00^ and 0*091 CHgO. 0 = 83*18; H=7-37. 

0*2233 „ 17*15 C.C. moist nitrogen at 6*5° and 752 mm. K = 9*24. 
requires C= 83*44 ; H = 7*28 ; IST = 9*27 per cent. 


The substance contains four atoms of hydrogen more than amarine, 
and is therefore an open-chain compound : namely, henzylri-diphenyl- 
OgHg-CH-NH, 


ahylsnedimiiim, OgHj-CH-NH-OjH, 


® * 

According to the constitutions which we have assigned to this com- 
pound and to the compound CggHggONg (m. p. 218*5°), the latter is a 
benzoyl derivative of the former. Experiment confirmed this view. 
A small quantity of the compound C 2 ^H 22^2 heated with excess of 
benzoic chloride for an hour at 100° At first it dissolved, but speedily 
the hydrochloride of the base CggHgeONg separated ; this was filtered 
off, washed with eold alcohol, dissolved in boiling alcohol, and precipi- 
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tated with ammonia. The sparingly soluble base formed minute, white 
needles, identical with those of the compound OgsHggONg and melting 
at 218° This identity was confirmed by a nitrogen determination, 

01379 gave 8*30 c.c. moist nitrogen at 21 *5° and 767 mm. IT =* 6*90. 

OggHggOlTg requires IT* 6*90 per cent. 

The compound CggHagONg is, therefore, as already stated, henzoyl- 
henzyl-i-diphenyUlhylenediamm^ 

The opalescent steam distillate (d) which smelt of ammonia, was 
acidified with hydrochloric acid and evaporated to dryness. The 
product was a mixture of lustrous laminae of benzylamine hydro- 
chloride with ammonium chloride. (On adding sodium hydroxide to 
a portion, free benzylamine separated as an oil.) The mixed chlorides 
were extracted with boiling absolute alcohol, which dissolved the 
benzylamine hydrochloride ; on treating the residue with sodium 
hydroxide, only ammonia was liberated. Alcoholic platinic chloride 
was added to the alcoholic solution, and, after digestion on the water- 
bath, the liquid was filtered hot to remove a little ammonium platini- 
chloride. On cooling, lenzylomine platinichloride separated in lustrous, 
yellow scales melting at 229°, and identical with a specimen prepared 
from benzylamine. It was again crystallised from alcohol, to remove 
the last trace of ammonium platinichloride. Only a small quantity 
was available for analysis. 

0*0872 gave 0*0272 Pt. Pt* 31*19. 

(CgHg- CH 2 *lTH 2 ) 2 ,H 2 PtCJg requires Pt* 31*25 per cent. 

If we regard dibenzylamarine " as benzoyl-s-dibenzyl-t-diphenyl- 
ethylenediamine, the formation of the seven compounds obtained in the 
hydriodic acid reduction may be expressed by the following equations : 

V 0gHg-CH-lT(0,H,)*00*CgHg__CgHg*CH^NH*C0*0gHg . ^ ^ , 

A CgHg-CH-NH-C^Hy +HI“OgH5*CH*]SrH*CyH^ ^ ^ 

** Dibenzylamarine.” 1. B&imylUi^ylA’^ipJimyh % Benzylic 

ethyleTiediamine {xsx. iodide^ 


(2.) ^6^6 


OT[-C0-GA.h,0=^«®s*9^*^®2 +CHO 

NH-CyHj ^ '' ® ® 

3. Bmz/yl-i'diph&nyh 4. Bovmio 
ethylmediamim (m. p. 90'"), acid. 


,3)0A-CH-NH2 

'' OaHg-CH-NH-CVHy 


= O^H -S NH,-0H,-C,H5 + NH3 

5. IHhm&yl, 6. Benzyl’- 7. Ammonia, 
amine. 


Reduction of the Compound C2jHjg(Ci7H7)20N2 with Soddmn in 
Boiling Amylic Alcoliol.-^^ grams of “ dibenzylamarine ” were dis- 
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solved in 100 grams of anhydrous amylic alcohol, and to the boiling 
solution, 5 grains of sodium were gradually added : the liquid became 
yellow. The product was treated several times with water to destroy 
sodium amyloxide, rejecting the aqueous portions, evaporating the 
turbid amyl-alcoholic solution to dryness on a water-bath, and boiling 
the residue with water to expel the last traces of, amylic alcohol. 
This residue, after treatment with ether, consisted of fairly pure 

which, after recrystallisati« from 
alcohol, formed colourless needles, or thin, four-sided prisms melting 
at 151*^ and giving a hydrochloride melting at 242° On comparison 
with a specimen of G-rossmann’s s-dibenzyl-z-diphenylethylenediamine, 
prepared by the reduction of dibenzylidene-^-diphenylethylenedi- 
amine (m. p. 164°) with sodium in amylic alcohol 1889, 22, 

2301), the two were found to be identical. Grossmann gives 
the melting point as 163° ; but we found that complete purifi- 
cation, by removing traces of the dibenzylidene derivative, lowers the 
melting point to 160*5°. 

We satisfied ourselves that dibenzylamarine is not altered by 
boiling it with a solution of sodium amyloxide in amylic alcohol. The 
removal of the benzoyl group in the foregoing reaction is, therefore, 
due, not to hydrolysis, but to the action of the nascent hydrogen : 


0^5-CH-NH-C,Hy ^ 

“ Diben^lamaiine. ” 


C.Hs-CH-NH-OyH. 

+ W-OHO, 

s-Dibenzyl-i-diphenylethyl- 
enediamine (m. p. 161 ®). 


the benzaldehyde being of course further acted on. 

We did not ansdyse the compound thus obtained, as we had already 
made a full analysis of the same substance prepared from dibenzyl- 
amarine by fusion with potassium hydroxide (see following section). 

of Potassium Mydroo^de on the Compound G 2 iHjg( 07 H.y^) 20 !N' 2 . 
—The experiment of heating ^‘dibenzylamarine with a strong solu- 
tion of potassium hydroxide in methylic alcohol at 160° gave no result : 
the substance was recovered quite unaltered. Fusion with potassium 
hydroxide was therefore resorted to. 

10 grams of “ dibenzylamarine were stirred into 30 grams of 
fused potassium hydroxide (to which a little water had been previously 
added) at a temperature of 220°, after which the temperature was 
slowly raised to 240° and kept at 240 — 260° for five minutes. The 
mixture at first frothed, giving off a vapour which smelt like benzylic 
cyanide afterwards it became more solid. The product was treated 
with water ; the undissolved organic portion was taken up with ether ; 
and the ethereal solution was dried by solid potassium hydroxide and 
saturate with gaseous hydrogen chloride. This produced a bulky, 
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stieky precipitate of hydrochlorides, from which the mother liquor 
was decanted and evaporated, leaving a yellow gum (which solidified 
on standing) consisting of non-basic products. 

The hydrochlorides, dissolved in alcohol, gave, on concentration, 
needle-shaped crystals, which, when re-dissolved in alcohol and 
precipitated with ammonia, yielded a base sparingly soluble in cold 
alcohol. It was found to be contaminated with tetraphenylazine ; 
this was readily removed by its very sparing solubility in alcohol. 
Thus purified, the base formed colourless needles melting at 150% and 
was identical with G-rossmann's dihenzylridiphenyUthyhnedi^^ 
already referred to. 


0*1279 gave 0*4007 00^ and 0*0851 HjO. 0 = 85*44; H=:7*39. 
0*2435 „ 14*90 c.c. moist nitrogen at 16° and 762 mm. If == 7*15. 
OggHggIfg requires 0 = 85*71. H = 7*14 , If = 7*14 per cent. 

The hydrochloride was also prepared from the pure base and com- 
pared with that of Grossmann’s compound. They were identical ; 
both melted at 242% 

In the present case the base is formed according to the equation 


CeH5-CJS-If(0,Hy)‘00*0, 


>^5 + KOH = 


06 ^ 5 *' 


+ OsHg-OO^K. 




The alcoholic mother liquor, from the crude hydrochloride, was 
treated with oxalic acid and ether. From the mixture of oxalates 
which separated, more of Grossmann’s base was obtained, together 
with some unchanged “ dibenzylamarine.” The filtrate from the- 
oxalates contained benzyllophine, which showed the characteristic 
dimorphism — needles and square plates — and melted at 164*5% (m. p. 
of benzyllophine, 165°). The crystallisation of a supersaturated solu- 
tion was instantaneously started by the addition of a crystal of 
benzyllophine* The yield of benzyllophine was small, and probably 
the potassium hydroxide had nothing to do with its production, as 
we obtained the same substance in greater quantity by heating 
“ dibenzylamarine alone (see later on). 

The yellow, non-basic gum was dissolved in alcohol. Colourless 
prismatic crystals separated, and after recrystalliaation from the same 
solvent, melted constantly at 127 — 128°, The results of analysis 
agreed best with the formula 

0*1428 gave 0*4354 COg and 0*0832 HgO. C = 83*15 ; H = 6*47. 

, 0*1338 „ 0*4086 002 „ 0*0761 HgO* 0 = 83*29 ; H =*6*32. 

0*1863 „ 11*10 c.c. moist nitrogen at 11*5° and 761*5 mm. 

17=7*09. 

; requires 0=83*17. H = 5*94 ; N = 6*93 per cent. 

VOL. LXXVII. X X 
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We give this formula with reserve. TTutil some more productive 
method of preparing the coDapound is discovered, it will be impossible 
to study its reactions. 

Oxidation of the Gompotmd Ghromium 

Trioodde in presence of Hydrochloric Acid. — Olaus {Ber.f 1882, 15, 
2330) mentions that dibenzylamarine ” is not altered by boiling with 
chromium trioxide in glacial acetic acid solution. This is correct ; 
but we found that, just as in the reaction with dibenzylamaroj^t^ifia 
chloride, oxidation takes place if hydrochloric acid is added to the 
mixture, the action being doubtless due to liberated chlorine. 

10 grams of “ dibenzylamarine ” were dissolved in a little glacial 
acetic acid, and a solution of 10 grams of chromium trioxide in the 
same solvent was added. The resulting cake of dibenzylamarine " 
dichromate was pressed to remove the mother liquor, and boiled with 
fresh glacial acetic acid, gradually adding from 15 to 20 c.c. of 
concentrated .hydrochloric acid, and boiling until the chromium trioxide 
was reduced. On diluting with water, an oil separated, more of it 
being obtained by extracting the solution with chloroform. The oil was 
dissolved in alcohol, and ammonia added ; this occasioned a precipitate 
of minute needles, which by recrystallisation from boiling alcohol, in 
which they are only sparingly soluble, were obtain^ pure, melting 
constantly at 218°. The substance was identical with henzoylhenzyh 


C H ' 

idipkenylethylmediamiris^ ^ ^ 


DH-NH-CO-OgHg 


, already obtained 

by the reduction of “ dibenzylamarine ” with hydriodic acid, having 
been formed in the present case by the removal of a benzyl group 
from the dibenzylamarine ” in the process of oxidation. The yield 
was very poor compared with that obtained by the reduction process. 


0-1545 gave 0‘4687 COg and 0*0897 HgO. 0-82*73 ; H-6*45. 
0*1544 „ 0*4675 002 „ 0*0897 HgO. 0-82*58 ^ H- 6*46. 
0*2700 „ 15*60 c.c. moist nitrogen at 13° and 769mm. IN — 6*90. 
0*2317 „ 13*38 c.c. „ 13*5° „ 770mm. IN- 6*89. 

OggHggOINg requires 0—82*75 ; H — 6*40 ; NT — 6*90 per cenfc. 


A simultaneous determination of the melting point of the hydriodide 
of this base and of that obtained by the reduction process gave 217° 
in both cases, the substances turning brown. 

The mother liquor from the foregoing base yielded a compound 
melting at 127°. It contained chlorine which could be removed by 
alcohohc potassium hydroxide; but the quantity of substance was 
insufiieient for further investigation. 

The only other product of oxidation observed was benzoic acid. 

Aclion of Heod m the Compound C2i^i8(^r5-Y)2^^2* — 10 grams of 
« dibenzylamarine '" were introduced into an Anschutz flask (with 



DIALKYL- AND DIACYL-BERIVATIVES, ANB OF ISOAMARIKE. 627 

receiver fused to the tubulure), which was then exhausted and heated 
by means of a graphite bath. Decomposition proceeded slowly, re- 
quiring a high temperature. There was only a small quantity of 
yellow, viscous distillate, smelling of dibenzyl ; and the operation was 
stopped when a sublimation of crystals commenced. The substance 
in the flask was extracted with boiling alcohol ; the residue, which 
formed by far the greater part, consisted of lophinej and, after purifi- 
cation by sublimation, melted at 274°. The alcoholic extract was 
evaporated to dryness, and the residue extracted with boiling benzene ; 
lophine remained undissolved, and the benzene extract, on con- 
centration, gave square plates of henzyllophine. On recrystallisation 
from boiling alcohol it was obtained in needles and square plates — 
the dimorphous forms of benzyllophine — both melting at 164°. A 
supersaturated solution instantly crystallised on introducing a crystal 
of benzyllophine. 

Synthesis of the Compound C2iHjg(C^Hi^)20!N^2 Dihenzylamarine 
from ^-Dihenzyhidiphenyletkylenediamine, — Grossmann {Ber., 1899, 
22, 2301) obtained a-dibenzyl-i-diphenylethylenediamine by reducing 

dibenzylidene-i-diphenylethylenediamine, ^6^5 9^ N.GH OgHg 
^ ^ ^ OgHg-CH-lSriOH-OgHs 

sodium in boiling alcohol. Although, from this mode of formation, 
the compound in all probability had the symmetrical constitution, we 
nevertheless thought it desirable to find independent proof of this, 
as a migration, depending upon the intermediate formation of a 
cyclic compound (compare Trans., 1895, 67, 33 — 34), was not ab- 
solutely excluded. We therefore studied the action of nitrous acid 
on Grossmann’s compound, 

Dibenzyl-i-diphenylethylenediamine, prepared by Grossmann’s method 
was dissolved in glacial acetic acid, and a solution of nitrous acid in 
acetic acid (prepared by dissolving sodium nitrite in slightly diluted 
acetic acid) was added in the cold. A precipitate of slender needles, 
almost insoluble in the ordinary solvents, was formed, and after purify- 
ing it by boiling with alcohol, melted at 233° It gives Liebermann^s 
nitroso-reaction very strongly. A nitrogen determination showed that 
two nitroso-groups had been introduced, thus proving the symmetrical 
constitution of, Grossmann's dibenzjl-t-diphenylethylenediamine. 

0-1097 gave 11-50 c.c. moist nitrogen at 15° and 772 mm. N =. 12*47. 

^ 28 ^ 26 (^^) 2^2 ^requires = 12*44 per cent. 

-r , , . . OeH5-CH*N(C.H.)-NO 

It has the constitution c,H,.6h-N(0,Hj)-N0' 

The view which we had formed concerning the constitution of 
‘‘ dihenzylamarine ” pointed to the possibility of preparing the latter 
compound by the introduction of a benzoyl group into s-dibenzyl-f- 

X x 2 
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diphLenyletkylenediamine, ot of preparing benzoyl-“ dibenzylamarine*' 
hj the introduction of two benzoyl groups. Experiment confirmed 
both, these suppositions ; but the conditions necessary for success are 
more easily realised in the latter than in the former case. 

«-Dibenzyl-i-diphenylethylenediamine was mixed with excess of 
benzoic chloride and gently warmed, when it dissolved ; but on heating 
for 5 minutes at 100°, the whole solidified, yielding a mixture of the 
dibenzoyl derivative with hydrochloride of the unaltered base. The 
two substances were readily separated by the almost total inscfeWli^y 
of the former compound in alcohol. ^ 

By benzoylating dibenzyl-i-diphenylethylenediamine by the Schotten- 
Baumann method, the whole was converted into dibenzoyl compound. 
The product was disintegrated by boiling with alcohol, and recrys- 
tallised from benzene. It agreed in melting point (268°) and crystalline 
form with the compound already obtained by the action of benzoic 
chloride on ** dibenzylamarine ” — benzoyl-‘‘ dibenzylamarine — which 
is therefore ^-dihmzoyldibmzylA-diphmylethyhmdiamim^ 

0 eH 5 -(pH-N(C^H^)- 00 - 0 eH, 

0 eH 5 -CH*N( 0 ,H,)-C 0 ‘ 0 ,H; 

In order to obtain the monoben^oyl derivative, 2 grams of a-di- 
faenzyl-f-diphenylethylenediamine were dissolved in excess of benzene, 
1 gram of benzoic chloride was added and the mixture was digested 
on the water-bath until a precipitate of hydrochloride was produced j 
this was separate, and the benzene solution, after adding alcohol, was 
evaporated to dryness. The gummy residue was warmed with alcoholic 
potassium hydroxide, which dissolved it 5 on diluting slightly- with 
water, a trace of the foregoing dibenzoyl derivative separated and was 
removed by filtration ; and on further dilution a substance was de^ 
posited in rosettes of needles, which, after recrystallisatioh from 
benzene with the addition of light petroleum, melted constantly at 
239*5°, and were indistinguishable from those of Claus and Elbs's 
« dibenzylamarine ” (m. p. 139°). The platinichloride prepared from 
it melted at 19 d* 5°, which agrees with the melting point found by us 
for the salt from Claus and Elbs^s base, and under the microscope the 
two salts were also indistinguishable from one another. Platinum 
was determined; but the amount of substance at our disposal was too 
small for a perfectly trustworthy analysis. 

0‘1194: gave 0-0175 Pfe. Pt=» 14*64. 
p requires Pt s» 13*95 per cent. 

This diSerence is due to the smallness of the quantity of substance 
takmi, be accounted for by an error of 0*8 me. in the 

weight . ^ , 
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Claus and Elbs’s so-called dibenzylamarine is therefore henzoyl- 

7 .^. z 7 77 7 . . CfiH5-CH-2sr(C^H^)*CO-CeH5 

^■<t%ben%yL-\~a%phenyUthyUned%am%ne, ^ 0 H 

B. Dimethyl Deonvatives, 

Dimethylamaronium Iodide {MethylamaTine-methylic Iodide, 

H(CH.) 

0,H,'CH'ir'(0H,)I'^ 

- — The method described by Elbs {Inaugural-Dissertation^ pp. 12 — 13) 
was followed in the preparation of this compound. 100 grams of 
amarine and 55 grams of methylic iodide were dissolved in ether and 
allowed to stand for from a week to a fortnight. The liquid was de- 
canted and the crust of crystals — a mixture of the quaternary iodide 
with amarine hydribdide — was treated with chloroform, which dis- 
solved only the former substance ; this was precipitated from the con- 
centrated chloroform solution by ether and recrystallised from alcohol, 
from which it was deposited in lustrous octahedra, melting at 247® 
The yield was about 40 grams. A.n iodine determination gave 
1 = 27*82. CgsHgglSTgl requires 1=5 27*98 per cent. Ammonia is with- 
out action on it, 

The foregoing agrees with Claus and Elba’s description. 

Olam and Mhs^s “ DirmthylamarineP — ^This was prepared by warm- 
ing dimethylamaronium iodide with alcoholic potassium hydroxide, as 
prescribed by Claus and Elbs (Zoc. cit,). It forms large, powerfully 
refractive prismatic crystals, melting at 145® (146°, Glaus and Elbs). 
We can confirm the observations of these authors regarding the pre^ 
paration and properties of the compound ; but, as in the case of di- 
benzylamarine,” our analyses lead to a formula containing the elements 
of a mol. of water more than the formula adopted by them. The sub- 
stance does not lose weight at 105®. 

0^660 gave 0*4865 COg and 0*1043 HgO. C = 79*93 ; H = 6*98. 
0a432 ,, 0*4201 COg „ 0*0869 HgO. C = 80*01 ; H = 6*74. 


0a432 ,, 0*4201 COg „ 0*0869 HgO. 0 = 80*01 ; H = 6*74. 

0*2016 „ 0*5938 002 „ 0*1314 HgO. 0 = 80*33 ; H = 7*24. I 

0-1632 ,, 0-4782 00 , „ 0-1032 HjO. 0 = 79-92 ; H = 7-03. J 

0*2334 „ 16*70 c,c. moist nitrogen at 14° and 733 mm. H = 8*12. 
C 23 H 24 OH 2 requires 0 = 80*23 j 6*97 ; N = 8*14 per cent. 

The formula of a dimethylamarine, C 2 iHjg( 0 H 3 ) 2 N 2 , on the other 
hand, would require 0 = 84*66 3 H = 6*76 ; N =8*59 per cent. 

Ho analysis of this compound is given in Claus and Elbs’s paper 
Moreover, Elbs {loc, dt) gives a reason for not analysing it : namely, 


* Combustions III and IV were made by Mri A. N, Meldrum. 
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that analysis would not distinguish between methylamarine and di- 
methylamarine. Analysis, however, shows' that it is neither. 

Following the analogy of the supposed dibenzyl amarine, the com- 
pound is doubtless 

0,H5-CH-l>r(0H,)-C0-CeH5 

OgHg-CH-NH-OHjj 

The ^tinicMoride is a yellow, microcrystalline powder, melting, 
somewhat indefinitely, at 183° (185° Elbs). It did not lose weight 
at 95° 

0*2463 gave 0*0436 Pt. Pt- 17*70. 

[C2^Hjg{CH3)202!T2],H2Pt0Ig requires Pt« 17*76 per cent. 

Glaus and Eibs’s formula would require, on the other hand, 
Pt= 18*5 per cent. 

The hydriodidey which was prepared by Claus and Elbs, was obtained 
by dissolving the base in aqueous hydriodic acid, decolorising with a 
very little sulphurous acid. It formed rosettes of prismatic crystals 
melting, frothing up, and resolidifying at 200° It is, as stated by 
Claus and Elbs, quite distinct from dimethyiamaronium iodide, and is 
instaneously decomposed by ammonia, even in the cold. 

Action of Seat on the Sydriodide of the Bascy 
The dry hydriodide was heated at 210 — 220° in a paraffin bath. It 
melted, frothing up in the process, and afterwards resolidified at the 
same temperature. On dissolving the product in alcohol and adding 
ether, octahedral crystals of dimethyl(mmtomvm iodide were obtained. 
They melted at 246°, and were not decomposed by ammonia. 

This melting, frothing up, and resolidifying was observed by Elbs 
ifoe* <sU,y p. 17), but he neglected to investigate the cause of the 
phenomenon. 

The transformation of the hydriodide into the quaternary iodide 
tak^ place according to the equation, 

CeH,-CH-]5r{0H3)-OO-CsH5 O3H3.CH-N(0H3) „ „ 

C3H5-OH-N'"(OH3)H3l - 06H5-CH-N^(CH3)I^'^''^«^6 + ®2^' 

Benzoyl-j-dimetliyl-i-diplienyl- Dimethylamaromum 

ethylenediamine hydriodide. iodide. 

. This transformation takes place slowly, even on boiling the hydr- 
iodide with aqueous hydriodic acid. 

■ C, Diethyl Derivatives^ 

Iodide^ This 

Borodin (Annakn, 1859, 110, 82), who 
tadied it hydriodide.” 
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We first tried to prepare it by the method which we have described 
in the case of dimethylamaronium iodide ; but the action took 
place so slowly in the cold that we found it necessary to employ 
heat. 

50 grams of amarine and 30 grams of ethylic iodide were boiled in 
alcoholic solution for 6 hours. As the quaternary iodide and the 
amarine hydriodide which were formed had practically the same 
solubility in all solvents which we tried, and as Borodin’s process of 
mechanically separating the two kinds of crystals is tedious and un- 
satisfactory, we distilled off most of the alcohol, and, to the cooled 
solution, added ammonia (which decomposed the hydriodide, leaving 
the quaternary salt unaltered), and then water. The precipitated 
oil consisted of a mixture of the quaternary iodide mth amarine. A 
further quantity of oil was obtained by extracting the aqueous liquid 
with chloroform and evaporating the latter. The oily substance was 
dissolved in alcohol, and ether was added ; on standing, lustrous, 
oblique crystals of diethylamaronium iodide were deposited, the 
amarine remaining in solution. The substance melted sharply and 
constantly at 203^ (200 — 210°, Borodin). An iodine determination 
gave 1 = 26‘12. C25H27N2I requires 26*36 per cent. 

The constitution, based on the analogy of the dibenzyl compound, 
has just been given. 

BorodirCs DiethylamarineJ ^ — ^This was obtained by warming the 
quaternary iodide with alcoholic potassium hydroxide. Recrystallised 
from slightly diluted alcohol, it formed lustrous, flat needles melting 
at 126° (110—115° Borodin). 

Analysis showed that it is not a diethylamarine, as supposed by 
Borodin, but, like the analogous dimethyl and dibenzyl compounds, 
contains the elements of a mol. of water more than the formula of 
a dialkylamarine would require. 

0*1632 gave 0*4639 00^ and 0*1066 HgO. C = 80;80 ; H-7*72. 

0*1566 „ 0*4614 002 „ 0*1066 HgO. 0-80*35 ; H = 7*49. 

0*1671 „ 0*4642 002 „ 0*1082 Hg^* 0-80*68 j H- 7*66. 

0*1442 „ 0*4262 002 „ 0*1006 HgO. 0-80*42 ; H- 7*75.* 

0*2760 „ 18*45 c.c. moist nitrogen at 18° and 753 mm. N — 7*68. 

OggHggONg requires 0 - 80*65 ; H - 7*63 ; N = 7*63. 

The formula of a diethylamarine, 02iHig(02H5)2N2, on the other 
hand, would require 0 — 84*74 ; H— 7*34 ; 1^ — 7*91 per cent. Borodin 
found 0 — 84*69, 84*84 ; H — 7*34, 7*63. It seems just possible that 
he may have analysed unchanged amarine, although the hydrogen is 
somewhat high for this. 

Our analyses, however, show that Borodin’s formula is inadmissible. 

* Combustion IV was made by Mr, A. N. Meldrum, 
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On the analogy of the dibenzyl derivative, we regard the compound 

C,H5-CH-N(C,H5)*00‘C,H5 

IL BENZOYLAMAEmE AND THE SUPPOSED DlACYLAMAaiNPa. 

9^ — We prepared tliis opm- 

9gH5-CH-N=^^*^6^5 

pound at first by the method described by Claus and Scherbel {^er., 
1885, 18, 3081), by the action of benzoic chloride on amarine-silver 
suspended in benzene. This method is, however, rather troublesome, 
and we found that the use of amarine-silver was unnecessary, provided 
that amarine and benzoic chloride were employed in the proportions 
required by the equation : 

-h C,F,-0001 = CoiHi,(OeH5-CO)N2 + 

Cold benzene solutions of 10 grams of amarine and 2*3 grams (just 
uTider the theoretical proportion, so as to prevent all chance of the forma- 
tion of the additive compound, benzoylamarine-benzoic chloride) of 
benzoic chloride were rapidly mixed, and after standing, the precipi- 
tated amarine hydrochloride was filtered o^ and extracted with boiling 
benzene. The united benzene solutionsi on evaporating to dryness, 
gave crystals of benzoylamarine. By recrystallisation, first from 
ether, which removed some insoluble matter, and afterwards from 
benzene, the substance was obtained in almost rectangular tables, 
melting at 179® (180®, Claus and Scherbel). In preparing and purify- 
ing this compound, hydrolytic solvents must be avoided, as they 
convert it into insoluble dihen zoyl-z-diphenylethylenediamine (see 
later on). 


0*2062 gave 0*6324 CO^ and 0*1059 H^O. C = 83*64 ; H = 5*70. 
0*2003 „ 11*95 c.c. moist nitrogen at 12° and 744 mm. JSr=»693, 
CggHggONg requires 0=83*58 ; 0 = 5*47; N = 6*97 per cent. 

Claus and Scherbel (loc. cit.\ whilst adopting this formula, calcu- 
late for it the totally erroneous percentage composition 0 = 64*54; 
H=4*38; N = 5*57, They publish, however, a full ai^alysis, the 
r^ults of which — C = 64*50 ; 0 = 4*52 ; N = 5*30— are in agreeiqent 
with their supposed theory.* We therefore considered it necessary to 

‘ * is not the only case of the kind in Clans and SoherbeTs paper. In the 
anal^s^ of a eompomid which they describe as henzylbenzoylamarine, 

■ ^ AiHie(CVH^)( 0 ^H 50 )Na, 

they calculate C=83*0; and find in accop 
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make the foregoing analysis. In spite of their figures, the compound 
has the formula which they assign to it. 

Hydrolysis of Benzoyhmarine to B-DihenzoylArdiphenylethyUne- 
diamine. — ^We observed that when benzoylamarine was boiled for 
some time with o^Jaiary (that is, not absolute) alcohol the solution 
gradually becam^ turbid owing to the separation of microscopic 
needles of an insoluble substance. Suspecting that a hydrolysis was 
taking place, we added a little concentrated hydrochloric acid to the 
solution ; on boiling, the separation of the insoluble substance was 
very rapid, the reaction being complete in a few minutes. Addition 
of acetic acid had the same effect, but the action was slower. 

The compound is identical with G-rossmann^s ^-dihenzoylArdiphenyl- 
ethyhnediamine (dibenzoylstilbenediamine, 1889, 22, 2300), some 
of which we prepared for comparison. The. details of this comparison 
will be found in the next section of this paper, in connection with the 
supposed dibenzoylamarine, which is in reality the same substance. 

The mechanism of the process by which the compound is formed 
from benzoylamarine is given in the introduction. 

Nitrogen was determined in a specimen prepared by the action of 
alcohol acidified with hydrochloric acid on benzoylamarine. 

0*1990 gave 11*80 c.c. moist nitrogen at 14° and 733 mm. N=6*73. 

^ 285 ^ 24 ^ 2^2 ^ ~ 

A full analysis of the compound, formed in what is practically 
the same reaction, is given in the next section. 

The Supposed Dihenzoylamtm^ne — ^-Dibenzoyl-i-diphenylethylenedi^ 
amine. — By the action of benzoic chloride on amarincidissolved in ether, 
employing equimolecular proportions, Bahrmann {J. pr. Ohem.^ 1883, 
[ii], 27, 300) obtained a substance which he regarded as ^'an^arine- 
benzoic chloride,” CgiH^gNgjOgHg’ COCl, but which Claus and Scherbel 
(5er., 1885, 18, 3083) consider to be a mixture of benzoylamarine- 
benzoic chloride, C 2 iHj)^(CgH 5 ’ 00 )N 2 ,CgH 5 ^C 0 Cl, with amarine- 
hydrochloride. As Bahrmann showed, this substance dissolves in 
cold alcohol, but on standing, the solution becomes turbid from the 
separation of minute white needles of a substance free from chlorme, 
practically insoluble in ordinary solvents, and unaffected by acids and 
alkalis, Bahrmann also obtained this insoluble compound direct by 
the action of benzoic chloride on amarine in alcoholic solution. IJe 

dance with this, 0=82*7 ; H=6*6 {Bm\^ 1886, .18, 3084). The correct theory for 
this formula is, however, 0=86*36; H=5‘d9. 

On the same page, they describe an isomeric henzoylbefruiiylamaTine, and later on, 
in their theoretical discussion, they lay some stress on this isomerism. Yet the 
. former compound, to judge from their analysis, has not the formula which they 
assign to it, whilst the latter does not appear to have been analysed at all. (Com- 
pare also the case of the supposed dibenzoylamarine, referred to later on. 
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analysed it {loc» dt,, 302) with the following results : 0 = 80*01, 79*99, 
80*4 ^ H = 6*13, 6*21, 6*28 ; N = 6*6 per cent. From these figures, he 
deduced the formula, which requires 0 = 80*71; H = 5’84; 

Nr = 6*27 per cent., regarding the compound as amarine in which two 
atoms of hydrogen have been replaced by benzoyl and ethoxyl : 
C2,H,,(CeH--CO)(OOA)l^g. 

Claus and Scherbel {loo. <dt.) repeated the above experiment, m^ly 
substituting benzene for ether as a solvent, and on decomposing^© 
product with alcohol obtained the same insoluble substance. They 
obtained it also by boiling their ben*zoylamarine-benzoic chloride with 
alcohol. They publish the analytical figures: 0 = 82*90; H = 5*23,* 
from which they conclude that the substance is dibenzoylamarine, 
■^hich requires 0 = 83*00 ; H = 5*13 per cent. 

Claus and ScberbeFs figures^ it will be seen, differ considerably from 
Bahrmann’s, but the latter, although their author deduced from them 
a wrong formula, have the merit of accurately representing the com- 
position of the substance, which, as the following comparison and 
analyses show, is Grossmann’s Q-dihenzoyl-i-diphenylethylenediamine 
already referred to. We prepared specimens by the four following 
methods : 

1. By decomposing the product of the interaction of equimolecular 
proportions of benzoic chloride gtnd amarine (benzoylamarine-benzoic 
chloride 4- amarine hydrochloride) with alcohol. 

2. By the action of benzoic chloride on amarine in alcoholic solution. 

3. By boiling monobenzoylamarine with alcohol acidified with 

hydrochloric acid (vide supra). . 

4. By Grossmann*s method (he. cit.) of treating ^-diphenylethylene- 
diamine with benzoic chloride. 

All four specimens displayed identical properties, agreeing with the 
descriptions given by previous authors. They were all insoluble in 
the ordinary solvents and melted above the range of the ordinary 
mercurial thermometer. (Claus and Scherbel give the melting point 
as 366°, determined by means of a mercurial thermometer filled with 
nitrogen ; Bahrmann does not give any melting point ; Grossmann 
merely says of his compound that it melts very high). Under the 
microscope, they appeared as flat needles with parallel edges and, in 
polarised light, showed straight extinction. 

None of the previous investigators had been able to recrystallise 
the compound. t We found, however, that it dissolved fairly readily 
in boiling phenol, and on pouring the solution into alcohol, separated 

> * A aeec«id analysis : 0=82 '88 ; H=5*04, is given by Scherbel {iTWAi^ral-Dis- 
p. 25, 

f Rowing a. solution of the compound in concentrated sulphuric 

acid to ahanh oh&ined crystals, but they contained sulphur. 
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in a crystalline form. Preparations 1 and 4 were thus recrystallised 
and a careful examination of the products showed that they had not 
undergone any chemical change during this treatment, the only 
difference being that under the microscope the crystals appeared 
larger, so that their behaviour towards polarised light could be more 
clearly observed. 

Preparation 1 was analysed, both in the original and in the re- 
crystallised condition. The substance is difficult to bum. Other 
combustions were made in addition to those here given, but all showed 
more than the allowable deficit of carbon. 

0'1286 gave 0*3735 00^ and 0*0724 0 = 79*27 ; H = 6*26. 

0*1471 ,, 0*4282 002 „ 0*0765 H 2 O. 0 = 79*39; H = 5*78.^ 

0*2323 „ 12*90 c.c. moist nitrogen at 15^ and 766 mm. N = 6*56. 

0*1915 „ 10*85 c.c. „ „ 15° „ 750 mm. ]Sr = 6*56. 

O 28 H 24 O 2 N 2 requires 0 = 80*00 ; H = 6*71 ; N = 6*67. 


The compound is, therefore, B-dibmisoyl-i-diphenylethylenedzamimf 

OeHs-CH-NH-OO-OgHs _ 

n rr Xtt xttt nr\ n tt * mechanism of its formation has been 

Uglig* UJbt’JN JlL* UU*UgJtLg 

discussed in the introduction. 

Bahrmann's analytical figures, already quoted, agree better with 
this formula than with that deduced by him. 

Olaus and Scherbei state that the compound is decomposed by 
boiling with alcoholic potassium hydroxide, or even with water, into 
amarine and benzoic acid. This is contrary to Bahrmann’s statement, 
the accuracy of which we can confirm, as the compound is absolutely 
stable under these conditions. 

Bahrmann’s Supposed Biacetylamarine — Acetylhenzoyl-i-dip/ienyl- 
ethylenediamim , — By the interaction of equimolecular proportions of 
acetic chloride and amarine dissolved in ether, Bahrmann {J, pr, Ohem,^ 
1883, [ii], 27, 298) obtained a product which he termed “ amarine- 
acetic chloride ” (according to Claus, a mixture of acetylamarine-acetic 
chloride, 02 iHii 7 (CB! 3 - CO )!N’ 2 ,CH 3 *COCI, and amarine hydrochloride), 
which behaves like the corresponding benzoyl derivative, dissolving 
in alcohol in the cold, but speedily decomposing, especially on warming, 
the solution depositing microscopic needles of a substance free from 
chlorine, almost insoluble in alcohol and the other ordinary solvents, 
and unaffected by mineral acids. He gives the melting point as 268° 
(we find 316°). Prom his analyses he deduced the formula of a di- 
acetylamarine, C 2 iH;ig(CH 3 ' CO) 2 N 2 , although his values for nitrogen 
— N = 7 * 79 , 7*69 — are too high for this formula, which requires N = 7*33 
per cent. 

We prepared this compound according to the above method, and 
* Combustion II was made by Mr. A. N. Meldrura, 



636 JAPP AHB MOIS : COKSTITtJUON OF AMAEDTE, OF ITS S0PPOSED 

can confirm Bahrmann's statements as to its physical properties, except 
that we found the melting point, after merely boiling the substance 
with alcohol, at 315°, and after dissolving it in boiling phenol and 
precipitating with alcohol, at 316° Purified by the latter method, it 
formed colourless, microscopic needles, somewhat larger than those of 
the crude substance. In this form, it was analysed. Idke the corre- 
sponding diben^oyl derivative, it was difficult to bum, and the analyses 
showed a similar deficit of carbon. 

0^1587 gave.0-4444 CO 2 and 0*0906 HgO. 0 = 76*36 j H=6*34. 

0*1184 ,, 0*3314 002 „ 0*0695 0 = 76*34^ H = 6*52. 

0*1278 „ 8*75 c.c. moist nitrogen at 16 ‘3° and 753 mm.. !N*=i7*90. 

^ 23 ^ 22 ^ 2^2 requires 0 = 77*09 ; H = 6*14 ; N = 7*82 per cent. 

This is the formula of an acetylhen^iioyl-i-diphenylethylemdiamvy^&i 
which would be formed from acetylamarine by hydrolytic opening 
of the ring : 

CeHs’OH-lI-CO-CHs . hO = 

' OeHj-CH-NH-CO-OeHs' 

m, ISOAMAEINB. 

Isoamarine was isolated by Snape and Brooke (Trans., 1899, 75, 
208) from the product of the action of heat on benzoylazotide, and to 
them is due the first detailed examination of this substance, although 
we shall show later on that it had been previously prepared by other 
investigators. It melts at 198° . 

Frepcvration of JsocwnaWwe.— We have found much simpler and more 
economical methods of preparing isoamarine than have hitherto been 
employed. The first of these was suggested by an accidental observa-r 
tion which we made in the course of the present work, In preparing 
dibenzylidene-t-diphenylethylenediamine by Grossmann’smethod, already 
refeired to, of reducing amarine -in boiling alcoholic solution with 
sodium, we on one occasion substituted amylic for ethylic alcohol, 
although Grossmann expressly states {loc, cit,) that the yield is there- 
by not improved. As a matter of fact, the yield was much worse ; 
but we separated from the product a small quantity of a base crystal- 
lising in needles melting at 197°, which gave on analysis the following 
figures : 

0*1676 gave 0*5144 00^ and 0*0967 Bf), 0 = 83*71 ; H = 6*41. 

0*2309 ,, 19*05 c.c. moist nitrogen at 14° and 766 mm. N = 9*77. 

? H = 6*04 ; 11= 9*40 per cant. 

The agre^ffient with the calculated composition is not good, but as 
we afterwards ioun^ the substance was not qnite pure. There could, 
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hov^ever, be little doubt that the compound was isomeric with 
amarine, and on comparing it with a specimen of isoamarine, for which 
we are indebted to Professor Snape, we could detect no di:fference 
between the two, except that our specimen melted 1°, lower than the 
other, yielding a yellow instead of a colourless liquid. 

As it appeared likely that the formation of this compound in the 
foregoing reaction was due to the direct action of the sodium on the 
amarine at the higher boiling point of the amylic alcohol, and not to 
the nascent hydrogen, we tried the effect of fusing amarine with sodium, 
and found that it was converted into a sodium derivative of isoamarine. 
The following method gave an excellent result. 

Ten grams of amarine were melted in a large boiling tube heated in 
a spermaceti bath and kept at 130° until the water, which crystallised 
amarine almost invariably contains, was expelled. 0*8 gram of sodium 
was added, and the temperature was raised to 190 — 200°, shaking the 
tube so as to distribute the sodium. At this temperature, action took 
place, the sodium derivative of isoamarine solidifying on the walls of 
the tube. The product was dissolved in boiling benzene and filtered 
hot from any unaltered sodium ; the filtrate almost solidified on cool- 
ing to a mass of needles of the sodium derivative, melting at 205° 
When moistened, they show a strong alkaline reaction. They were 
dissolved in alcohoh and the solution was acidified with acetic acid, 
and then made alkaline with ammonia, when a crystalline deposit of 
practically pure isoamarine was obtained. A further quantity was 
obtained from the benzene mother liquor by the same process, the 
total yield being 5*5 grams. A portion, recrystallised from alcohol, 
melted at 198*5° A little lophine was formed at the same time. 

A still simpler method of preparing isoamarine consists in heating 
amarine hydrochloride at about 340° for 5 minutes, preferably in an 
atmosphere of gaseous hydrogen chloride, which checks the dissociation 
of the hydrochloride, thus diminishing, if not entirely preventing, the 
formation of lophine. The fused substance is thus, in great part, 
transformed into isoamarine hydrochloride. The product was dissolved 
in alcohol, and ether was carefully added as long as a crystalline 
precipitate of amarine hydrochloride was produced. As soon as an oil 
(isoamarine hydrochloride) began to Separate, the Solution was filtered ; 
on evaporating to dryness, it gave a resinous mass of almost pure 
isoamarine hydrochloride, from which the base was obtained by dis- 
solving the hydrochloride in hot alcohol and adding ammonia. On 
cooling, only isoamarine crystallised out, any amarine remaining in 
solution. 

The mixed hydrochlorides may also be separated by boiling the 
powdered crude product with acetone, in which isoamarine hydro- 
chloride is readily, amarine hydrochloride only sparingly, soluble. If 
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the mixture is cooled and allowed to stand before filtering, any amarine 
hydrochloride that may have dissolved is re-deposited. 

MoUcular Weight of hoama/rine. — The higher melting point of 
isoamarine as compared with that of amarine, and its more sparing 
solubility in alcohol, rendered it possible that it might be a polymeride 
> of the latter compound. The molecular weight was therefore determined 
by Walker and Lumsden^s modification of Landsberger*s boiling point 
method, using alcohol (constant = 1560) as a solvent.* 

Substance. Elevation. Yolume. Mol. wt. 

0-965 0*295° 14*7 c.c. 347 

„ 0*195 22*3 346 

Isoamarine is therefore isomeric — ^not polymeric — with amarine. 

Reduction of Isoammine hy Sodium in Boiling Alcohol, — In this ex- 
periment, we followed the method employed bj Grossmann {Ber,^ 1889, 
22, 2298) in reducing ordinary amarine, except that we used a much 
larger proportion of sodium. 10 grams of isoamarine were dissolved 
in absolute alcohol, and about 30 grams of sodium cut into slices were 
added to the boiling solution. The product was diluted with water 
and most of the alcohol expelled on the water-bath ; a yellow oil sepa- 
rated, more of which was obtained from the supernatant liquid by 
extraction with ether. This oil, which showed no tendency to crystal- 
lise, was boiled with dilute sulphuric acid, when it dissolved, benz- 
aldehyde at the same time separating, recognisable by its smell. This 
showed that, as in Grossnotann's analogous experiment, a benzylidene 
derivative — ^in this case doubtless Peist and Arnstein's dibenzylidene- 
r-diphenylethylenediamine 1895, 28, 3179), corresponding with 
Grossmann’s meso-compound— had been formed in the reduction. 
The benzaldehyde and resinous matters were removed by extraction 
with ether, and the aqueous solution, which contained the sulphate of 
a base, was made alkaline with sodium hydroxide, and the organic 
base extracted with ether. On concentrating the ethereal solution, a 
small quantity of another basic substance, consisting of yellowish 
silky needles melting at 242°, also observed by us in the reduction of 
ordinary amarine with sodium in boiling amylic alcohol, separated • 
it gives a blue coloration with concentrated sulphuric acid, and is,^ 
therefore, neither lophine nor tetraphenylazine. The quantity was 
insufficient for further examination. The ethereal filtrate from 
these needles was dried with fused potassium carbonate and then 
saturated with dry carbon dioxide, as described by Feist in his method 
for the preparation of r-diphenylethylenediamine (Ber,^ 1894, 27, 215). 

A very bulky, almost gelatinous carbamate of ^e base separated; on 
* We are indebted to Mr. A. N. Meldrum for this determination. 
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filtering ofE and drying, it formed hard lumps, as described by Feist. 
It was yellow, but the colouring matter was removed by washing it 
with benzene. 

For comparison, we prepared ?*-diphenylethylenediamine by Feist^s 
method Qoc. dt.) by the reduction of a-benzildioxime, and converted 
it into its carbamate. Both carbamates had precisely the same 
appearance; both melted at 130 — 133*^ With evolution of gas, pre- 
viously softening and caking together at 106° (Feist gives 106° as the 
melting point of the carbamate). 

Yarious salts were prepared from the two carbamates and carefully 
compared. They showed absolute identity in their properties. 

The hyd/rocM&nde formed prismatic needles melting in both cases at 
253 — 254° (Feist gives 248°). 

The picrate formed microscopic, orange-yellow needles melting in 
both cases at 220°, agreeing with Feist^s determination. 

The dibsnzoyl derivative was prepared from the carbamate of the 
base obtained from isoamarine. The carbamate was treated with 
benzoic chloride by the Schotten-Baumann method, and the product 
purified by boiling it with alcohol. It formed a chalky, white 
powder melting at 286 — 287°, which agrees with Feist and Arnstein^s 
determination. 


0*3342 gave 19*10 c.c. moist nitrogen at 15° and 767 mm. 


OA-OH-NH-CO’CeHs 

CeHs-CH-NTH-CO-CgHs 


requires N — 6*67 per cent. 


N=^6-75. 


The free base is somewhat diflicult to purify, and, with the small 
quantity at our disposal, we were unable to examine it in the case 
of the product from isoamarine. The foregoing results, however, 
suffice to prove that v-diphenylethylenediamine may be obtained from 
isoamarine by the process of reduction which, when applied to ordinary 
amarine, yields i'd{phenylethyle7iediam{m. 

Synthesis of /soamorme.— -The carbamate of Feist's v-diphenyl- 
ethylenediamine, prepared from a-benzildioxime, was carefully heated 
with excess of benzoic acid until all the carbon dioxide was expelled, 
after which the temperature was raised to 180°, and kept there for 
15 minutes. A slow evolution of gas (? aqueous vapour) was ob- 
served. The resinous product was dissolved in alcohol and ammonia 
added, when light brown needles, • melting at 194°, and resembling 
isoamanne, separated. They were redissolved in alcohol, a little 
lophine remaining undissolved. On concentrating the solution and 
adding a trace of isoamarine crystals, a characteristic crystallisation of 
isoamarine instantly followed. The colourless needles thus obtained 
melted at 197 — 198° and were indistinguishable from Snape and 
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Brooke’s compound. Isoamarine is here formed according to the 
equation 


r-Diphenylethylene- 

diamine. 


o,s,-co,b: 


an.- CH- ^ 

2-Phenyl-4 : 5-im?is-diphenyl- 
4 : 5-dihydroimidazole (racemic). 
(Isoamarine). 


It might be objected that, in the foregoing synthesis, amarine was 
possibly the primary product, its benzoate afterwards changing, at 
the high temperature, into the isoamarine salt, as in the case of 
amarine hydrochloride already described. We therefore prepared 
amarine benzoate, which forms lustrous needles melting at 168°, and 
heated it at 180° as in the preceding experiment; but practically 
the whole of it was recovered unchanged, and no isoamarine was 
formed. 

We tried, in like manner, to synthesise ordinary amarine by heating 
t-diphenylethylenediamine (m. p. 120 — 121°) with excess of benzoic 
acid; but even at 210° the desired reaction did not take place, and 
only i-diphenylethylenediamine dibenzoate (m. p. 206°) was obtained. 

Misi and Amsiezn^a Isoamarim, — As already mentioned, Feist and 
Axnstein (JJer., 1895, 28, 317T) claim to have obtained, by heating 
e-dibenzoyl-r-diphenylethylenediamme at 260° in a current of gaseous 
hydrogen chloride, an isoamarine struetumlly identical with the fore- 
going, but melting at 176° As the existence of such a compound 
appeared to contradict the results which we had obtained, and to he 
incompatible with the views which we had formed as to the constitu- 
tion of amarine and isoamarine, we repeated Feist and Arnstein^s 
experiment. There was less blackening during the heating than their 
description would suggest. The liberated base, purified by crystallisa- 
tion from alcohol, formed colourless needles melting at 198° (instead 
of at 176°), and was absolutely identical with Snape and Brooke’s 
isoamarine.* 

The compound is so easy to purify that the wrong melting point 
given by Feist and Arnstein is doubtless a mere inadvertence. 

IsoaTnartm from Sydrdbmzamide Hydrochloride , — ^The observation 
that amarine hydrochloride is transformed on heating into isoamarine 
hydrochloride, led us to consider whether the latter compound might 
not also be obtained by the action of heat on dry hydrobenzamide 
hydrochloride — a reaction studied many years ago by Ekman {Armale^b, 
161). Our supposition was that amarine hydrochloride 

1899, 75, 208), probably misled by the supposed 
state that the two compotitids are distinct. 
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would be formed in the first] instance, and would afterwards undergo 
the foregoing transformation. 

On looking through Ekman’s paper, we found a base described, 
which, both in composition and in properties, agreed so closely with 
isoamarine, that we had little doubt as to its identity with that sub- 
stance. Ekman says (Zoc. 169) : “This base is fairly soluble in 
cold alcohol, more readily in hot, and is deposited in obliquely trun- 
cated needles, arranged in stars. The needles are thicker, shorter, 
and better formed than those of lophine, and have a stronger, but not 
silky, lustre. The alcoholic solution has a strong alke.line reaction.'' 
He gives the melting point as 200°, and assigns the formula CgiHgoHg 
to the compound, although his analyses agree, on the whole, rather 
better with the formula of isoamarine, CgiH^gNTg. 

In repeating Ekman’s experiment, we deviated somewhat from the 
conditions adhered to by him. He complains of the difficulty of 
saturating solid hydrobenzamide with gaseous hydrogen chloride, and 
we therefore dissolved the hydrobenzamide in benzene, dried the solu- 
tion with ignited potassium carbonate, and, having transferred it to a 
distilling flask, saturated it with dry gaseous hydrogen chloride. This 
produced a sticky precipitate of hydrobenzamide hydrochloride. The 
benzene was distilled off in a current of the same gas, after which the 
temperature was gradually raised to 240°, and kept there as long as a 
liquid distillate (which smelt of benzonitrile and benzoic chloride) 
passed over. The current of hydrogen chloride was continued during 
the entire heating and subsequent cooling, as prescribed by Ekman. 
The brown resinous mass remaining in the distilling flask was disin- 
tegrated with boiling alcohol, which left a crystalline residue (<z) } and 
the alcoholic extract — which would contain the hydrochlorides of 
amarine, isoamarine, and lophine — was precipitated with water. The 
viscous precipitate was rejected, as the isoamarine hydrochloride would 
remain in the aqueous-alcoholic filtrate. From this filtrate, ammonia 
precipitated a mixture of bases, which was dissolved in hot alcohol ; 
on cooling, lophine was deposited. The mother liquor from the lophine 
was acidified with hydrochloric acid and evaporated to dryness, and 
the residue was extracted with water, which dissolved isoamarine hydro- 
chloride. By again evaporating to dryness and extracting with water, 
the isoamarine hydrochloride was obtained nearly pure. The iso- 
amarine, liberated by ammonia and recrystallised from alcohol, formed 
obliquely truncated needles melting at 197*5°, and was indistinguish- 
able from Snape and Brooke's compound. The yield was only about 
2 per cent, of the hydrobenzamide taken. 

Kiifan, who repeated Ekman's experiments, obtained the same base 
(Annalen, 1862, 122, 322), but his work is less accurate than 
that of his predecessor. He gives the melting point as 190°. He. 

VOL. LXXVII, Y Y 
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also adopts the formula 021 ^ 20 ^ 2 * although his figures, like those of 
Sikman, agree on the whole better with the formula OgiHjgITg* 

"We were concerned only with the formation of isoamarine in the 
foregoing reaction, and did not endeavour to check the numerous 
other details of Ekman’s work. We may mention, however, that the 
residue (a) from the extraction of the fused mass with alcohol, which 
Ekman asserts to be a non-basic isomeride of lophine^ and Eiihn to be 
lophine itself (he does not appear to have noticed Ekman's statement 
that it is non-basic), consists mainly of tetraphenylazine, It 

is mixed with another non-basic substance — possibly kyaphenine— of 
almost the same solubility, which lowers its melting point. We suc- 
ceeded, however, in obtaining it with the correct melting point of 
245% and it was further identified by the magnificent red coloration 
which it yields with concentrated sulphuric acid. 

IT. Action of Xiteous Acid on Grossmann's Diphenylethtlene- 
DIAMINE (m. p. 120 — 121%. 

After Feist and Arnstein had effected the separation of r-diphenyl- 
ethylenediamine into its enantiomorphs (Ber., 1895, 28, 3169), they 
studied the action of nitrous acid on it, in order to convert it into the 
corresponding' a^-diphenylgljcol, and in this way to ascertain which 
of the two known a^-diphenylglycols was the racemic form. The 
chief product of the reaction wasdiphenylacetaldehyde,(CgH 5 ) 20 H[*CE[ 0 , 
formed from the expected a^8-diphenylglycol by elimination of water 
and simultaneous migration of a pbenyl group ; but, under special 
conditions, they succeeded in obtaining in small quantity/as an inters 
mediate product, Erlenmeyer, Jun.’s, isodiphenylhydroxethylamine 
(m. p. 129 — 130%, and, ' as final product, isohydrobenzoin. They 
therefore regarded the latter substance as the racemic (in reality, 
d + l) o^-diphenylglycol, as had already been proved by Erlenmeyer, 
jun,, by resolving it into its enantiomorphs. 

Erlenmeyer, jun. (AnTuden^ 1899, 307, 129), studied in great detail 
the action of nitrous acid on his isodiphenylhydroxethylamine. He 
obtained, as chief product, isohydrobenzoin ; but a little hydrobenzoin 
was also formed, together with a considerable quantity of diphenyl- 
acetaldehyde. From these results, he concluded (loc. cit,^ 111) that 
r-dipbenylethylenediamine, isodiphenylhydroxethylamine, and isohy- 
^benzoin belong to the same series. The conclusion, however, so 
te as .is^ards: isodiphenylhydroxethylamine, appeai’ed to be invali- 
by Ms observation that Goldschmidt and Polonowska's di- 
f (m. p. 163°), when treated with nitrous acid, 

136), and he therefore 
admits I of oonfiguiation in which 
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the replacemeat of the amino-group by hydroxyl by means of nitrous 
acid is eniployed. . To account for the migrations which occur in such 
cases,, he adopts Tafel's suggestion that an intermediate compound of 
the dia2Q-meth?.ne type is formed — ^thus, in the case which he is 
discussing, 

CeHg-CH-OH 

I ,N • 

CeH,-C<|^ 

The asymmetry of the carbon atom thus affected temporarily disap- 
pears, and does not re-appear until the diazo-group is replaced by 
hydrogen and hydroxyl, a process which may occur in two ways, 
yielding, in the one case, hydrobenzoin, in the other, isohydrobenzoin. 
The view that such an intermediate diazo-compound is formed receives 
support from the fact that, in the cold, the evolution of nitrogen is 
exceedingly slow. 

Our study of the action of nitrous acid on the diphenylethylene- 
diamine melting at 120 — 121° has convinced us that Erlenmeyer, 
jun.’s, doubts as to the admissibility of evidence drawn from the 
diazo-reaction in deciding questions of configuration, are entirely 
justified. Thus, as already mentioned, although we obtained, as final 
product, the expected hydrobenzoin (along with, apparently, a little 
isohydrobenzoin), the intermediate product was isodiphenylhydroxethyl- 
amine. The latter compound must therefore have been converted, in 
our reaction, chiefly into hydrobenzoin, whereas in the reactions 
studied by Feist and Arnstein, and by Erlenmeyer, jun., it yielded 
chiefly isohydrobenzoin. It is probably largely a question of the con- 
ditions under which the reaction is carried out which of the two 
configurations is obtained. Although, therefore, our experiments do not 
furnish any clue to the configuration of Grossmann*s diphenylethylene- 
diamine, we nevertheless describe them, as they maybe of use to 
chemists engaged in studying the conditions under which these re- 
dactions may be expected to yield consistent results. 

One gram of diphenylethylenediamine (m. p. 120—121°} prepared by 
Grossmann’s method {Ber.^ 1889, 2298) was dissolved in hydrochloric 
acid, and to the dilute solution, previously cooled by ice, a solution of 
0*7 gram of sodium nitrite was added. Beyond the production of a 
faint turbidity, there was no visible effect. The solution was therefore 
heated on the water-bath until the evolution of nitrogen ceased. The 
solution was still practically clear j but on testing a portion with 
ammonia, crystals melting at 127° separated ; these we show later on 
to be isodipbenylhydroxetbylamine (m. p, 129 — 130°). As the re- 
action had, therefore, gone only half way, excess of sodium nitrite was 
added, and the solution was again heated at 100°. From the cooled 

Y Y 2 
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liquid, -ether extracted the non-basic product, which, on expelling 
the ether, remained as an oil; but on adding ammonia to the 
aqueous solution and again extracting with ether, a basic product was 
obtained, showing that the second ammo-group is attacked only with 
difficulty; 

The non-basic portion was dissolved in a little benzene, and light 
petroleum added. Small oblique plates separated, melting at 131° 
(m. p. of hydrobenzoin 134°, Forst and Zincke ; 138°, Paal). The sub- 
stance was not homogeneous, and as the quantity was too small for 
purification, we warmed it with benzoic chloride and caustic soda, 
hoping to be more successful in isolating, the sparingly soluble 
dibenzoate. The product, extracted with hot alcohol, left a residue 
melting at 245° (m. p. of hydrobenzoin dibenzoate, 247°). There were 
indications of the presence of a benzoate of isohydrobenzoin ; but the 
quantity was too small for identification. 

Although we were unable to analyse the substance, it is tolerably 
evident, from the foregoing, that hydrohenzoin, and not isohydrobenzoin 
was the chief product of the action of an excess of nitrous acid on 
Grossmann’s diphenylethylenediamine. 

In order to obtain the intermediate, basic product, 2 grams of 
Grossmann's dibehzylidene-diphenylethylenediamine were hydrolysed 
with dilute sulphuric acid, removing the liberated benzaldehyde by 
tl»emd solution of the diphenylethylenediamine sulphate 
tto obtained, 0-75 gram of sodium nitrite was added, and the 
mi^ure was heated on the water-bath. This time, ether extracted 
o^a ^ of non-basic substance ; but on adding ammonia and again 
extpctmg agood yield of the basic product was obtained. It was 
tw«» ^stellised from benzene, from which it separated in rosettes 
of description 

only after repeated crystallisation from benzene. 
Further purification would not have left enough for analysis. 

0-1364 gave 7-60 c.c. moist nitrogen at 18-2° and 767 mm. 17= 6'50. 

requires 17= 6-57 per cent. 

The compound is therefore Z8> 


CeB,-CE-NH,’ 

'^^P^®“y%<J’^oxetl‘yIamine melts at 163°. 
was prepared. It crystallised in rhombs fre- 
quently forming aggregates of overlapping crystals (“ treppenfbrmige 
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Aggregate”), as described by Sbderbaum {Ber., 1895, 28, 2523). It 
laelted at 226®, previously turning grey at 215®. (Soderbaum gives 
213® as the melting point). 

These experiments on the action of nitrous acid on Grossmann^s 
diphenylethyienediamine are unsatisfactory, as the quantities of sub- 
stance employed were too small to allow of the thorough purification 
of the products, not to speak of the isolation of the bye-products. They 
were intended t6 be merely provisional ; but when we found that 
they would not solve the problem of the configuration of Gross mannas 
base (as was evident from the fact that both r-diphenylethylenediamine 
and what must be regarded as ^diphenylethyienediamine give, in the 
first stage of the reaction, isodiphenylhydroxethylamine) we did not 
trouble to repeat them on a larger scale. 

Oim present knowledge of the stereochemical relationship of the 
a^-diphenylethylenediamines, the ajS-diphenylhydroxethylamines, and 
the a^-diphenylglycols to one another may be summed up as follows. 
Peist’s r-diphenylethylenediamine (m. p. 90 — 92°) and isohydro- 
benzoin undoubtedly possess corresponding configurations, as each has 
been resolved into its enantiomorphs. The related meso-configurations 
must therefore be assigned to Grossmann*s diphenylethyienediamine 
(Wiphenylethylenediamine, m. p. 120 — 121®) and hydrobenzoin respec- 
tively. As regards the two intermediate compounds, isodiphenylhydrox- 
ethylamine and diphenylhydroxethylamine — each an enantiomorphous 
pair not yet separated into its dextro- and Isevo-components — their posi- 
tion must, for the present, be regarded as uncertain. Erlenmeyer, jun.'s, 
suggestion that isodiphenylhydroxethylamine is the intermediate stage 
between r-diphenylethylenediamine and isohydrobenzoin is probably 
correct : not, however, for the reason which he assigns (vide 
inasmuch as the evidence of the diazo-reaction is obviously untrust- 
worthy, but because of the parallelism in the melting points of the 
two following series : 

ju. p, M. p. 

r-Diphenylethylenediamine... 90 — 92" i-Diphenylethylenediamme... 120—121® 
laodiphenylhydroxethylamine 129 — 180 Diphenylhydroxethylamine... 163 
Isohydrobenzoin U9 Hydrobenzoin 134 

The analogy of the melting points must not, however, be pushed 
too far. 

We desire to express our indebtedness to the Council of the Royal 
Society for a grant from the Government Grant Puhd, by which part 
of the expense of the present work has been defrayed. 

Chbmioal Depaethbnt, 

University of Aberdeen. 
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LIL — Vapour Dermty of Dried Mercurous Chloride. 

By H. Brebetok Baker, M.A. 

kyA cma the large nuniber of chaDges for wMcb the presence of moisture 
is necessary, only one case of dissociation has been studied, that of 
ammonium chloride (Trans., 1894, 65, 615 ^ 1898, 73, 422). Since 
this substance baa a normal density when dried, it was thought that 
others, which have abnormal densities, might give interesting results 
if they were converted into vapour after careful drying. 

Mercurous chloride was selected as ^ suitable substance, since its 
dissociation under ordinary circumstances is well established. It was 
obtained in a sujEciently pure condition by the following method. 

Mercury was purified by shaking for 3 days with dilute nitric acid, 
then washed, boiled and distilled twice in a nitrogen vacuum. It was 
dissolved in cold nitric acid and precipitated with hydrochloric acid. 
The precipitated mercurous chloride was washed without contact with 
filter paper, until a large quantity of the wash-water gave, on evapora- 
tion, no opalescence with silver nitrate. It was dried at 110° and kepT 
in a desiccator in a dark cupboard. 

The vapour density determinations were made by Yictor Meyer’s 
method in an apparatus constructed of hard glass. A bent tube, in 
which plugs of phosphoric oxide were placed, was ground to fit the 
neck of the apparatus. 

A sidail, hard glass tube containing, a known weight of the sub- 
stance rested on a glass spoon, the shaft of which was ground into 
a side tube fused to 'the neck of the apparatus. By turning the shaft 
of the spoon which projected from the side tube, the substance could 
be made to fall into the bulb of the apparatus. The whole apparatus 
was heated to low redness, while a current of nitrogen, dried by 
sulphuric acid, was passed through it, the delivery tube being then 
sealed. The tube containing mercurous chloride was then introduced, 
and the phosphoric oxide tube, previously filled with nitrogen, was put 
into position. ‘N’o lubricators were used, mercury seals being placed 
over the two ground joints. The closed apparatus was left in the 
dark for three weeks. The bath used was an iron tube surrounded 
by a fireclay cylinder. In this, sulphur was boiled.* The delivery 

* The actual determinations were performed almost in the dark, and this led to 
the observation of a phenomenon of which I can find no previous record. When the 
glass bulb was removed from the heated bath after the experiment, the sulphur burnt 
with a luminous, blue glow, very similar in character to the glow of phosphorus in 
air. If allowed to continue, this glow changes into the ordinary flame of sulphur. 
I have failed to reproduce this phenomenon in oxygen at the ordinary pressure, but 
it is distinctly seen in this gas at about half the atmospheric pressure. 
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tube dipped into a trough containing mercury which had just been 
boiled. The point of the delivery tube was not broken until there 
was a considerable excess of pressure in the apparatus, so as to 
diminish the chance of moisture diffusing from the dried mercury 
into the bulb. 

The results of the determinations of the vapour density were : 


I. IL III. IV. V. Mean. 

217*7 222*8 221*3 223*9 - 201*4 217*4 

Calculated for no dissociation 235 


A similar experiment, conducted in nitrogen which had been dried 
only by sulphuric acid, gave a vapour density of 118*4. Hence the 



dissociation of mercurous chloride is much hindered by removing 
moisture as far as possible. 

Some confirmation of this result was obtained by heating in the 
same air-bath the purified mercurous chloride in a nitrogen vacuum in 
two tubes containing gold leaf, one dried by phosphoric oxide, the 
other not specially dried. Ho amalgamation of the gold was seen in 
the dried tube, whilst in the other the gold had been freely attacked* 
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BimilBx vapour dousity doterniiiiatioiis wovQ mad© with niotallic 
luercury in order to find out if the vapour, which is under ordinary 
circumstances monatomic, is a product of the dissociation of a more 
complex molecular structure. These experiments were conducted at 
the boiling point of sulphur, the mercury used being a portion of that 
from which the mercurous chloride was prepared. The densities 
obtained were : 

L TI. III. Mean. 

107*6 104*4 112*5 108*1 

The vapour of dried mercury is therefore probably monatomic. 

Many experiments have been made with phosphorus pentachloride, 
but very great difficulties have been experienced in obtaining it in a 
sufficiently pure state for the purpose. Until recently, all the results 
pointed to complete dissociation having taken place. The last deter- 
mination, however, with a new specimen of the purified pentachloride, 
gave, at 440®, a density of 89*2, that calculated for no dissociation 
being 104*2. Phosphorus pentachloride may therefore be ultimately 
shown to undergo no dissociation when dried before heating, if it is 
obtained in a sufficiently pure condition. 

Dulwich eoLLEOE. 


LIIL — Preparation of Pure Hydrohromic Acid. 

By Alexander Scott. 

Thb process for preparing pure hydrohromic acid destine aux essais 
matieres d^argent,'' recommended by Stas {(Euvres^ 1, 839), de- 
p^ds on the pse of amorphous phosphorus as the agent for trans- 
forming the pure bromine into hydrohromic acid. Stas gives minute 
directions as to testing the phosphorus to he employed so as to ensure 
its entire freedom from the chlorides apt to be introduced with the 
alkali used in getting rid of any ordinary phosphorus; He has, how- 
ever, quite overlooked an impurity in the phosphorus itself, one, in- 
de^, which may be termed a normal impurity in all samples of 
phosphorus in the manufacture of which arsenical sulphuric acid has 
been employed. A moment’s consideration shows that in the ordinary 
process of manufacturing phosphorus from phosphates, all the arsenic 
in the sulphuric acid employed will probably be found in the phos- 
phorus obtained. When such phosphorus is treated with bromine, the 
arsenic is converted into arsenious bromide, which distils over with 
the hydrohromic acid, supposed to be of a very high degree of purity, 
and all bromides prepared with such acid are almost certain to be con- 
taminated with arsenites and arsenates. 
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In preparing, some time ago, a fairly large quantity of hydrobromic 
acid, the phosphorus employed contained an extremely large amount 
of arsenic (over 1 per cent .) ; it was selected because it was a very 
old sample, and in a pasty (almost syrupy) condition from oxidation, 
and therefore very easily and satisfactorily washed free from chlorides. 
The hydrobromic acid when tested was found to give a very large 
precipitate of arsenious sulphide on treatment with hydrogen sulphide, 
and had to be diluted, treated with pure hydrogen sulphide (from zinc 
sulphide and dilute sulphuric acid), filtered, concentrated, and redis- 
tilled. No doubt in many cases the acid, after one or two distillations, 
would lose most of the arsenious bromide which it might contain, as 
this comes over largely in the first portions of the distillate, that is, 



with water containing only small quantities of hydrobromic acid. But 
if the purest hydrobromic acid be desired, it is obviously much better 
to use materials as free from impurities as possible, rather than to 
trust to the purification of the acid afterwards. 

An extremely convenient and satisfactory reducing agent to replace 
the phosphorus is found in liquid sulphur dioxide, which may be pro- 
cured in glass syphons. This gives rise to no volatile bromides, and 
the hydrobromic acid is easily separated by distillation from the sul- 
phuric acid produced at the same time. The apparatus required and 
its manipulation are of the simplest nature, and are almost sufficiently 
explained by the figure. 

The bolt head with ground-in neck, or the distillation flask A has 
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sealed to its neck a glass tube, B, of such length and diameter that it 
will allow the thermometers usually employed to pass easily down into 
the wider part of the neck, and also to admit a tube -through which 
the sulphur dioxide is to be passed. This tube or the thermometer 
employed is held air-tight in its place by a small piece of indiarubber 
tubing. The exit tube, 0, has on it a bulb, D, of such a diameter that 
it is a little too large to pass into the inner tube, F, of a Liebig’s con* 
denser. If this inner tube has its end cut off quite square, and the 
sharp edges carefully taken off and nicely rounded by grinding it on 
a piece of not too rough emery paper held flat in the palm of the hand, 
we have, by bringing the bulb D into contact with the rounded edge, 
a joint which will allow of the distillation of litres of constant boiling 
point hydrobromic acid without any fuming, and with perfect security 
from any contamination by organic matter. The sulphuric acid 
obtained as a bye-product in the preparation of two or three kilo- 
grams of hydrobromic acid was distilled through a long tube simply 
’ air-cooled by -means of this apparatus, without any inconvenience what- 
ever from fumes. 

To prepare a kilogram of real hydrogen bromide in solution, 350 c.c. 
of pure bromine are placed in A along with 2 litres of water, and a 
rapid current of sulphur dioxide washed first through a strong solu- 
tion of sodium sulphite and then through water, is led into the waiter 
about 5 to 10 mm.^above the surface of the bromine until the whole is 
transformed into a pale yellow, homogeneous liquid. Shodd the liquid 
become colourless, the yellow colour must be restored before distilla- 
ticm by the cautious addition of bromine or bromine water, this pre- 
vents any, poi^dile contamination of the hydrobromic acid with 
^^nroua acid, besides being a further security against traces of 
iodine or hydriodic acid occurring in the final product. 

The acid is distilled from the vessel in which it is formed, and it is 
advantageous to keep a gentle current of air bubbling through the 
liquid throughout the distillation, as the troublesome bumping of the 
liquid is thus obviated. Practically the whole of the hydrogen bromide 
will have passed over when the residual sulphuric acid reaches the den- 
sity 1'7. On redistilling, water comes over first, bringing with it all 
the free halogen, but only traces of acid. 

When the acid begins to come over, the receiver is changed, and the 
acid should be once more redistilled from a small quantity of barium 
bromideto guarantee itsfreedomfrom every trace of sulphuric acid. 
This last distillation is best carried out with a very gentle current of 
hy^^en, which cannot be safely employed as long as the liquid to be 
distilled contains free sulphuric acid. 

The purity of a sample of the acid prepared in this way was tested 
by preparing from it some potassium bromide, and titrating it against 
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silver with all the precautions described by Stas ; the equivalent of 
this bromide was found to be 119*099 (Ag=: 107*93). A sample of 
bromide from the same specimen of pure potassium carbonate, and 
from the hydrobromic acid above referred to prepared by Stasis pro- 
cess, after being carefully freed from compounds of arsenic, gave an 
identical value 119*099, whilst another specimen of bromide, prepared 
from pure hydrobromic acid, made by Squibb's process, as recommended 
by J. P, Cooke (Proc. Amer, Acad,, 1881, 17, 31) gave the value 
119*102. 

The acid from which this last sample was prepared contained traces 
of platinum from having been distilled through a platinum condenser. 
This caianot be done with safety with hydrobromic acid in presence of 
atmospheric oxygen. Stas (Wmrcs, 1, 748) gives the value 119*095 
as the mean of 14 determinations of the equivalent of potassium 
bromide. 

Davy Faeadat Rhsearoh Laboeatory 
■ OF THE Royal Institution. 


LIV . — A Neiv Sulphide of Arsenic. 

By Alexander Scott. 

When phosphoric acid is prepared by the oxidation of phosphorus by 
means of nitric acid, as is well known, the action takes place in two 
stages, which are more or less distinct according to the concentration 
of the nitric acid employed. ^ Phosphorous acid is first produced, and if 
sufficient nitric acid be present, on boiling down the liquid, a point is 
reached when these react with some energy, giving rise to phosphoric 
acid with the production of torrents of red fumes. If, however, the 
nitric acid be not present in sufficient excess, the liquid almost invari- 
ably becomes brown in colour, and black flakes may even separate out. 
This is not due to the charring of any organic matter, but to the 
arsenic usually present in the phosphorus, which has been oxidised 
first to arsenic acid, and this, in turn, on concentration, is reduced 
again by the phosphorous acid present to arsenic. If sulphur dioxide 
be passed into the liquid before the second stage be reached and the 
solution warmed, a bright yellow precipitate of arsenious sulphide is 
obtained if arsenic, be present, due to the reduction of the sulphurous 
acid to hydrogen sulphide, which then reacts with the arsenic or 
arsenious acid present. This reaction may be applied to the detection 
of arsenates or arsenites in solution, a. solution containing 0*1 per 
cent, of arsenic acid giving an abundant precipitate of arsenious 
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sulphide, but if the solution of arsenic be very dilute, the reaction is 
apt to be masked by the simultaneous precipitation of sulphur. The 
easiest way to apply the test is to add about 1 c.c. of phosphorus tri- 
chloride to the solution to be tested, and warm after adding some 
sulphurous acid. 

If, instead of heating the mixed solutions, they be allowed to stand 
at the ordinary temperature for some time, the solution becomes brown, 
and after about a day practically the whole of the arsenic is found as-- 
a dark brown precipitate. It was at first thought that this might be 
pure* arsenic or arsenic mixed with sulphur, or with some sul- 
phide of arsenic, or perhaps the brown or black substance obtained by 
Berzelius on treating realgar with potash solution and described by 
him as a sulphide of arsenic. 

Analysis showed that it could not be this substance, as it contains 
about 13 per cent, of sulphur, whilst the black sulphide, according to 
Berzelius, contains only 3*44 per cent., corresponding to the formula 

The new sulphide is insoluble in solutions of either ammonia or 
colourless ammonium sulphide, but dissolves readily in yellow 
ammonium sulphide, which is at the same time decolorised, and from 
the solution arsenious sulphide is precipitated on the addition of excess 
of hydrochloric acid. Carbon disulphide removes no sulphur from it 
on treatment for many hours in a Soxhlet’s extraction apparatus. 

Analyses of samples prepared at various times and with varying 
quantities of the regents gave the following results : 


I. II. III. IV; Y. 

m ISiig (mean of four) 13^62 13*6 13*3 

Arsmiic...... — 87*06* (mean of two) — 86*1 1 — 


!Rie percentage of sulphur is usually rather higher than 12*45, which 
is required by the formula AsgS, owing to the great difficulty of 
removing every trace of arsenious sulphide, which always accompanies 
it in small quantity. A quantity of sample II. above mentioned was 
treated with dilute ammonia solution on the water-bath, then a little 
hy^ogen sulphide passed in and the digestion continued for some 
time, the liquid poured off, and the treatment repeated until the solu- 
tion of ammonium sulphide thus prepared gave no yellow precipitate 
with excess of hydrochloric acid. On now analysing the residue, it was 
found to contain 12*3 per cent, of sulphur. A portion of this residue 
was now taken and treated with ammonia solution and hydrogen 
sulphide passed in, and one-eighth part of the sulphur required to 

* ]^timated gravimetrically as magnesium pyroarsenate. 
t Estimated volumetrically as arsenious acid with standard iodine solution 
(Szarvasy, ^er., 1897, 29, 2900). 
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transform the sulphide into arsenious sulphide was added in fine 
powder, and, after digestion, the residue was collected and analysed, 
when it was found to contain 12*5 per cent, of sulphur ; another portion 
was taken and similarly treated, but with twice the quantity of sulphur, 
and the residue from this analysed; it contained 12*3 per cent, of 
sulphur. This seems to prove conclusively that the substance behaves 
chemically as a single substance and not as a mixture. Heat resolves 
it into realgar, which sublimes, and arsenic, which remains behind. It 
is acted upon by potash solution, which leaves a substance of a darker 
colour containing 2*34 per cent, of sulphur. 

Healgar was treated with potash in order to obtain the substance 
described by Berzelius. Commercial realgar containing 32*9 per cent, 
of sulphur (AsgSg contains 30 per cent.) gave a dark-brown residue 
containing 4*33 per cent, of sulphur. Hative realgar was distilled, 
and the dark brown residue remaining after treatment with potash 
of the realgar thus purified contained exactly 1 *0 per cent, of sulphur. 

Convenient quantities of materials for the preparation of the new 
sulphide are : 200 grams of crystallised sodium arsenate dissolved in 
3g- litres of water, and then 150 c.c. of phosphorus trichloride added 
and allowed to stand till quite cold, the solution filtered and sulphur 
dioxide passed in and allowed to stand for a day or two. The super- 
natant liquid is then poured off and the precipitate washed first with 
water, then with dilute ammonia solution, then warmed with stronger 
solution of ammonia, and into this hydrogen sulphide is passed and the 
digestion continued for an hour or two ; the precipitate is then well 
washed with water by decantation, and finally with alcohol, and dried 
in a vacuum. The same sulphide is obtained from arsenites, but the 
yield is much smaller in proportion, owing to the precipitation of 
much arsenious oxide from the strongly acid solution. 

As solutions of antimony react but slightly with the solution of 
phosphorous and sulphurous acids, especially when warmed, and in 
presence of hydrochloric acid, it was hoped that conditions would be 
discovered under which arsenic and antimony might be quantitatively 
separated, but so far without success. The precipitates from the 
mixed solutions always contained notable quantities of antimony. 

I have much pleasure in expressing my indebtedness to Mr. Wm. 
Arbuckle, assistant in the Davy Faraday Laboratory for making most 
of the careful analyses recorded above. 

Davy Faraday Rusearoh Laboratory 
OF THE Royal Institution. 
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.-^Res&chTches on iho Alkyl •suhstitutcd Succinic 
Acids. Part 11. &-Dipropyl, s-Diisopropyl, and 
aa^-Propylisopropyl-succinic Adds. 

By William A, Bohe and Chables H, G. Spbanklxkg. 

Of tbe adds wMohi fom tlie sufeject of this commumcaiion, oj^ 
a^iisopit^pjkciocimc has been previously investigated, and our know- 
ledge of it even has not only been incomplete, but in certain respects 
very unsatisfactory. 

In 1889, Hell and^Mayer 1889, 22, 48) obtained two crystalline 

dibasic acids of the formula OjQHjg 04 , melting at 168 — 169® and 
199 — 200® respectively, by hydrolysing the oil obtained by the action 
of molecular silver upon ethyl a-bromoisovalerate at a temperature of 
150®. Both acids were sparingly soluble in cold water, and formed 
characteristic insoluble calcium, barium, and strontium salts ; they 
could be separated by distillation with steam, for the acid of lower 
melting point formed a volatile anhydride, whereas the other was non- 
volatile, and moreover, did not give an anhydride when heated to a 
temperature of 210®. Hell and Mayer suggested that the acids might 
be the two stereoisomeric s-diisopropylsuccinic acids^ formed from ethyl 
a-bromoisovalerate, as follows ; 


2(0Hs)20H-CHBr-C02Et-f-2Ag - 

(OH8)jOH- OH— -CH'GS(OHs)2 
COgEt U02Et 


•h 2AgBr. 


OpBsidering, however, that the action of molecular silver upon such 
O'biromO'Osters was known to be a somewhat complex one (compare 
T. Meyer and Auwers, JBer,, 1889, 3005 ; 1890, 23, 295), and does 

not merely consist in the elimination of bromine and the coupling 
up of two residues, as indicated by the foregoing equation, they 
admitted the possibility of structural difference between the two acids, 
and even suggested that, whereas one of them was probably a s-diiso- 
propylsuccinic acid, the other might be aaaiai-tetramethyladipic acid. 

In 1896, Auwers re-investigated, the products of the same reaction 
{Annaimf 1896, 292, 162), but was quite unable to isolate more than 
<mQ acid of the formula CioHjgO^. It melted at 178—182®, a tempera- 
ture, it will be observed, intermedi ite between the melting points of 
the two acids obtained by Hell and Mayer ; it was sparingly soluble in 
water, yielded a very stable and volatile liquid anhydride, and an 
anilic acid melting at 179 — 180®, He had no hesitation in pronouncing 
it to be a ar-diisopropylsuccinic acid. As s-4iisopropylsuceinic acid®^^^ 
tains two asymmetric carbon atoms, and should, therefore, 
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symmetrically di-substituted succinic acids, exist in two inactive forms, 
Auwers tried to effect the conversion of his acid into a stereoisomeric 
form, by heating it in sealed tubes with water or hydrochloric acid at 
ISO-^ — 200°, but was quite unsuccessful. On the results of these two or 
three isolated negative experiments, he felt justified in concluding that 
^^die sym/metrische Biisop'opylhernsteinsdwre heateht im; Gegensatze zu 
andern symmetnsch disuhsiituirten Bermteinsduren nur in ein&r Modifi- 
cation ” (the italics are his), and further that the acid possesses such 
peculiar properties, dass die Existenz einer zweiten Modification 
dieser Saure als sehr unwahrscheinlich gelten muss. Jedenfalls 
miisste dieses hypothetische Isomere weit labiler sein, als alle 
bekannten stereoisomeren Dicarbonsauren (iSw?., 164 and 166). We 
shall have no difficulty in showing that his conclusions were ill- 
founded. 

Auwers^ acid possessed one remarkable property for an acid of the 
succinic series, namely, a high dissociation constant. Whereas this 
value for succinic acid itself is 0*0068, whilst those for its mono-alkyl 
derivatives vary between 0*0075 and 0*0088, and those for other 
^-dialkylsuccinic acids never exceed 0*0250, Auwers found that the 
value for his acid varied from 0*2047 to 0*3586, according to the 
concentration of the solution, thus : 


1. II. 


V, 


lOO^b. 

flv* 

lOOh 

256 

211*2 

0*3586 

— 

— 

512 

247*0 

0*3302 

248*7 

0*3407 

1024 

275*2 

0*2815 

278*9 

0*3004 

2048. 

291*9 

0*2047 

301*1 

0*2584 



0*2938 


0*2998 


It is difficult to reconcile these results with the supposition that 
the acid under examination was a homogeneous substance, for, of 
course, the constant of a pure acid is independent of the dilution. 
Auwers did, indeed, for this very reason, suspect dass die sorgfaltig 
gereinigte Saure doeh ein Gemisch von zwei Stereoisomeren sei, die 
durch fractionirte Krystallisation nicht zu trennen seien,'' but a 
further study of the acid convinced him that there was no ground for 
any such suspicion. 

Some months ago (Trans., 1899, 75, 839), we jiescribed a new 
method for preparing alkyl-substituted succinic acids in quantity from 
ethyl cyanoacetate ; we determined to synthesise s-diisopropylsuccinic 
acid by means of it, in order to obtain further evidence as to its stereo- 
chemical character. We were also led to prepare and examine the 
hitherto unknown s-dipropyl- and aa^-propylisopropyl-succinic acids* 
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Ethyl propylcyanosuccinate and isopropylcyanosnccinate were pre- 
pared by the interaction of ethyl sodiocyanacetate and ethyl a-bromo- 
valerate or a-bromoisovalerate respectively ; the resulting oils were 
then propylated or isopropylated, as the case might be, in the usual 
manner. The propylated or isopropylated products were hydrolysed in 
two stages, namely, first by treatment with alcoholic potash, and then 
by heating the resulting mixture of acids with 50 per cent, sulphuric 
acid, in order to complete the hydrolysis of the cyano-group, and to 
ensure the total elimination of carbon dioxide from the resulting tri- 
carboxylic acid.* The acid liquid was at once subjected to distillation 
with steam, when, in every case, a volatile anhydride passed over, 
leaving a non-volatile acid behind. Thus, in all three cases, we were 
able to obtain two different acids, which subsequent investigation 
proved to be stereoisomeric, being respectively the cis- and t^^ans- 
modifications. 

The six acids are all sparingly soluble in water, and yield character- 
istic, sparingly soluble calcium salts. The ^mws-acids are either quite 
insoluble, or only sparingly soluble, in benzene, whereas the m- 
isomerides are all readily soluble in this solvent. All the acids yield 
their own liquid anhydrides on being heated with acetyl chloride, the 
cis-, however, inuch more readily than the tram-. These anhydrides 
are very stable substances, and are not decomposed to any appreciable 
extent by being boiled with water. They readily dis iolve, however, 
in warm dilute sodium hydroxide, in each case forming the sodium 
salt of the acid from which the anhydride was originally derived; 
Each anhydride, with aniline, yields a characteristic anilic acid, and, 
except in the case of c^-acq-propylisopropylsuccinic, these anilic acids 
are all solids. 

When a mixture of and i5nt7W-acids is dissolved in 50 per cent, 
sulphuric acid, and the solution subjected to distillation with steam, 
the c^-isomeride'is converted into its anhydride, which is volatile, 
whereas the tram-zcid remains behind unchanged. In this way, a 
quantitative separation of the two isomerides may be effected. 

We have also shown that a cw- or i»*a7ia-acid may be partly converted 
into the opposite isomeride by heating it with hydrochloric acid in 
sealed tubes at temperatures varying from 180° to 230°, and that, 
provided the time of heating be in either case sufficiently prolonged, 
the finil state of equilibrium between the two isomerides is the same. 
The irun^-acids or anhydrides are gradually but completely converted 
into the c£s-anhydrides by boiling them with acetic anhydride. The 
mutual epnvertihilities of the stereoisomerides are shown in the follow- 
diagram: ' 

V ^ the hydrolysis iu two stages will he fully discussed 

laier. 
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Acetic anhydride 

Anhydride at 170® Anhydride 

The melting points of the several acids and their anilic acids may 
be tabulated as follows : 


■ - - 

Tram, 

03. 

Acid, 

Anilic acid. 

■ 

Acid. 

Anilic acid. 

s-Dipropylsuccimc 

182— 18S® 
226® 
192— 

184—186® 

201—202® 

147—149® 

121® 

171® 

161—162® 

101—102® 

184r-186® 

liquid 

s-Biisopropylsuccinic 

aai-Propylisopropylsuccinic 


, We have also investigated the dissociation constants of each of the 
three pairs of acids. In the case of the a-dipropyl and aai-propyliso^ 
propyl acids, the expected values were obtained, those of the czVacids 
being approximately double those of the corresponding ^mTis-isomerides. 
The presence of two isopropyl groups in the ‘ succinic ’ molecule, 
however, has an extraordinary influence upon the conductivity of the 
acids, the value for the cis-a-diisopropyl acid being much higher than 
has hitherto been observed in the case of any other member of the 
succinic series, and over twenty times as great as that of the trms^ 
isomeride. These results are discussed at the end of this paper. 

Experimental. 

A. Preparation oj Ethyl p-Fropylcyano8ueGinate <x:nd 
fi-Isopropyleyanos^accinate, 

The details of the operations involved in the preparation of ethyl 
^-propylcyanosuccinate and ^-isopropylsuccinate by the interaction 
of ethyl sodioeyanoacetate and ethyl a-bromovalerate, or a-bromoiso- 
valerate respectively, are practically identical with those described 
in our previous paper in the case of ethyl )S^-dimethylcyanosucoinate 
(Trans,, 1899, 76, 854). The yields of refractionated oils obtained 
VOL. LXXVII. Z Z 
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amounted to between 44 and 60 per cent, of those tbeoretically 
possible. The properties of the esters may be tabulated as follows : < 



B. p. 19 — 21 mm. 

d 074^ 


Ethyl jS-propylcyanosuccinate 

171° 

1*0638 

1*4896 

Ethyl ;8-isopropylcyanosucciiiat8 

166—167° 

1*0620 

1*4418 


The oils were analysed with the following results : 

Ethyl ^-Fropylcycmomccinate : 

0-1966 gave 0-4300 CO^ and 0-1360 HgO. 0»69-68; H = 7-78. 

0*2237 „ 11*2 c.c, nitrogen at 6° and 773 mm, 17 = 6 -15. 

Ethyl p-Tsopropylcyanosucdnate : 

0-2270 gave 0-4951 COg and 0*1618 HgO. C:=59-62 ; H=:7-92. 

0*2548 „ 13*2 c.c. nitrogen at 5® and 762 mm. N = 6*24. 

^12^-19 0^17 requires 0 = 59*76; H = 7-88; 17=5*80 per cent. 

In order to be quite sure that the oils just described had the 
constitutions assigned to them, we hydrolysed small portions of each 
with concentrated hydrochloric acid, and then isolated the resulting 
dicarboxylie--acid by means of its sparingly soluble calcium salt. In 
each case, almost theoretical yields of one, and one only, of two acids 
were obtained, the melting points (91—92® and 114® respectively) and 
dissociation constants(Q*00886 and 0*00760respectively)of which showed 
that they were undoubtedly propyl- and isopropyl-succinic acids re- 
speetiyely,* Analyses of the acids, I, m. p. 91—92^ ; II, m. p. 114®, 
were made, 

I, 0*1324 gave 0*2556 COg and 0*0918 HgO. 0 = 52*60; H = 7*50. 
n. 0*1363 „ 0*2622 002 „ 0*0943 HgO. 0 = 52*45; H = 7*68, 
requires 0=62*60 ; J0[ = 7*5O per cent. 

The anilic acids of these propyl- and isopropyl-succinic acids, which 
so far as we know have not yet been described, melt at 148® and 139® 
respectively. 


Ffopylation {laoprapylation) of Ethyl ^’Propylcyano- 
succtucbto obThdt ^-IsopTopylcyCLnosucciifiOfto* 

^^i^ operations were effected by heating molecular proportions of 
^"^ Td^vative of the cyano-compound and the alkyl iodide in 
on the water-bath until the liquid became neutral, 

m. p. (Waltz, Annalm.Xm^, 214,69), K=0*0088a 
m. p. 11^“ (Hlasiwetz and Grabouski, Anwilm. 
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The time required varied from 36 to 48 hours. The liquid was then 
in each case poured into water and the oils extracted with ether and 
isolated in the usual manner. Each product was then carefully 
fractionated and refractionated under reduced pressure, the fractions 
of lower boiling point, which consisted of a mixture of unchanged 
eyano-compound and alkyl iodide, were again treated with sodium (in 
alcohol) and an additional quantity of the iodide. Calculated from the 
theoretical, the yields of refractionated propylated (isopropylated) 
products were as follows ; 


Ethyl ajS-dipropylcyanosuccinate (from ethyl j5-propylcyanosuccinate\ 

and propyl iodide) J- 78 per cent. 

Ethyl ajS^iisopropylcyanosucoinate (from ethyl jS-isopropylcyanoO 

succinate and isopropyl iodide)/ * 

Ethyl o-propyl-j3-isopropyleyanosuccinate (from ethyl 3-i8opropyl-"( 

cyanosuccinate and propyl iodide)/ ^ 

These substances are colourless oils, and the following table shows 
their properties : ■ 



B. p. 19—21 mm. 

d 0°/4°. 


Ethyl ftjS-dipropylcyauosucciuate 

176—178° 
178—176°- ‘ 
175—177° 

1*0247 

1-0575 

1*0325 

1-4440 

1*4492 

1*4452 

Ethyl a)3-di&opropyloyanosucci]iate 

Ethyl a-propyl-i8-isopropylcyanosuccinate i 


On analysing them, the following numbers were obtained : 


Ethyl aP-Eipropylcyanomccinate. 

0-1996 gave 0-4640 OOg and 0-1601 63-39 ; H = 8-9L 

0-1943 „ 8’4 c.c. nitrogen at 8® and 772 mm. F = 5-3. 

Ethyl a^-Dmoprojpyl<yyano8nccinaU^^ 

0-1930 gave 0*4461 GOg and 0-1560 HgO. 0 = 63*06 ; H = 8*97. 
0-2426 „ 0*5632 002 „ 0*1900 HgO. 0= 63-26 ^ H = 8-70. 
0*1617 „ 6*4 C.C. nitrogen at 6° and 752 mm. F = 4*99. 

Ethyl a-Frapyl-fi-isopropylcyanosucdnaU* 

0*1720 gave 0*3980 CO 2 and 0*1385 HgO. 0 = 63*4; H = 8 95. 
0*1766 „ 5 C.C. nitrogen at 10° and 761 mm. F = 5*10. 
0igB[25O4F requires C = 63*6 ; H = 8*89 ; F = 4*94 per cent. 


0. Hydrolysis of the Oils. 

We experienced some difficulty in devising a good method for hydro- 
ysing the oils we have described in the preceding section. In our 
arlier experiments, which were all carried out with ethyl a/3-diiso- 
ropylcyanosuccinate, we tried the effect of boiling the oil with 

z 7. S 
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concentrated hydrochloric acid, a process which we had shown to be 
admirably adapted to the hydrolysis of the ethyl esters of methyl- 
substituted cyanosuccinates (Trans., 1899, 76, 855), We found, how- 
ever, that the diisopropyl compound strongly resisted the hydrolytic 
action of the acid, and that after 120 hours continuous heating nearly 
one-third of the oil remained undecomposed. No better result was 
obtained by heating the oil with the acid, under pressure, at 150^^ for 
2 days. An examination of the acid liquor remaining after the removal 
of any unchanged oil, showed that, besides ces-and ^raws-s-diisopropyl- 
succinic acids, it contained a fair quantity of an acid of the formula 
which melted at 114% and subsequently proved to be mowo- 
isopropylsuccinic acid. Since analyses of the original oil left no doubt 
in our minds that it was a pure specimen of ethyl ajS-diisopropyl- 
cyanosuccinate, and since the same, oil, when hydrolysed by the fol- 
lowing method, yielded no acid other than the two s-diisopropyl- 
succinic acids, we can only account for the presence of mono-isopropyl- 
succinic acid among the hydrolytic products when hydrochloric acid 
was employed, on the supposition that a portion of the oil had lost an 
isopropyl group during the process. 

Experiments with hydrochloric acid having proved unsuccessful, we 
next proceeded to try several other energetic, hydrolytic agents, 
but found that no one of them singly sufficed to effect the purpose in 
view 5 we finally adopted the plan of hydrolysing the oils in two 
stages, namely, first with alcoholic potash, and then with 50 per cent, 
sulphuric acid. The proc^ was conducted somewhat as follows. 

Twenty grams of the oil were boiled With an alcdfiolic solution of 
16 grams of potassium hydroxide in a reflux apparatus for 36 hours. 
The oil quickly disappeared, and in a short time a quantity of potassium 
salt separated. The liquid was subsequently evaporated'to dryness on 
the water-bath in order to expel alcohol, and the residue dissolved in 
water. The solution was added to a large excess of hydrochloric acid, 
the whole at once extracted with ether, and the ethereal solution 
dried over anhydrous sodium sulphate. On distilling off the ether, 
about 13 grams of an oily acid remained. In the case of the dipropyl- 
eyano-eompound, this oil soon solidified, and the dipropylcyano§ucoinic 
acid was obtained without difficulty in a pure condition.* In the 


other two cases, the oils showed no signs of crystallisation, even on 
prolonged standing in a vacuum over sulphuric acid, and we therefore 


im attempt to isolate the cyano-acids. As little, if .any, evolu- 

A wMte solid which after recrystallisatioa 
at , On -.analysis : 

and 0-1381 HoO. 0=58*5. H=77S. 

. at and 762 mm. H = 6*26. 

'■■■ ; H=7*5 ; H=6'16''per"ceat, ' ’ ■ 
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tion of ammonia was observed during the process just described, and 
as the resulting oils contained much nitrogen, the cyano-group must 
have been practically unacted on by the alcoholic potash. 

The oil, or solid cyano-acid, was then dissolved in an ezcess of 50 
per cent, sulphuric acid, and the solution boiled in a reflus apparatus 
on the sand-bath for 6 hours. During the process, the liquid darkened 
in colour, and oily particles of the anhydride of the as-suecinic acid 
separated, forming a layer on the surface, and finally, on cooling, 
crystals were deposited. 

0. Separation 6f the cis- anA trans-Ac^^fs hy Distillation 
with Steam. 

The acid liquid just described was at once subjected to distillation 
with steam, when the oily anhydride of the m-succinic acid was passed 
over, leaving the fm?w-acid behind. The separation was complete in 
the cases of s-dipropylsuceinic and aai-propylisopropylsuocinic acids, 
but in the case of ^-diisopropylsuccinic acid we were never able to distil 
over the whole of the ds- acid as anhydride, and it was necessary to 
treat the residual im»is-acid with warm benzene in ordey to remove 
last traces of the cw-isomeride. 

(a) Distillates . — ^These were always turbid with oily particles, and 
had a strong acid reaction ] the oil at once dissolved when the liquid 
was made alkaline with ammonia. The solution of the ammonium salt 
was in each case concentrated to a small bulk on the water-bath, strong 
ammonia being added at intervals in order to counteract any tendency 
to dissociation. The whol§ was then added to an excess of strong 
hydrochloric acid, and the liquid thoroughly extracted with ether. 
The whole of the c^s-acid could in this way be obtained in a pure 
condition, 

(b) Besidm^ JAqmrs.’^^ were thoroughly extracted with ether, 
whereby the non-volatile ^n^?^s-acids were isolated] these were always 
obtained in a pure state after one or two recrystallisations from hot 
benzene, in which the cis-acids are very soluble, 

E, General Properties of the Acids, 

Anhydrides, anilic acids, and characteristic sparingly soluble 
calcium salts of the s-dipropyl-, e-diifiopropyh, and aa^-propylisopropyl- 
suceinic acids were obtained by methods similar to those explained in 
our earlier ^aper 1}og, oit*^ 859). The following general statements 
may be made with regard to the properties of the acids, 

' Sohd>ility.---ThA acids are all sparingly soluble in water, but readily 
dissolve in alcohol, acetone, and ethyl acetate. The m-acids readily 
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dissolve in warm benzene; whereas the fmws-isomerides are either 
quite insoluble or only very sparingly soluble in that solvent. In the 
case of the diisopropyl acids, a complete separation of the isomerides 
osLr\ be effected by treatment with warm benzene, general state- 
ment can be made with regard to solubility in chloroform. 

Salts , — Those of the heavy metals and alkaline earths are sparingly 
soluble ; others are soluble. 

Anhydrides , — Each acid dissolves in acetyl chloride; forming its own 
anhydride ; the ir£»ns-acids require a much longer treatment, however, 
than the m-isomerides. The anhydrides are all remarkably stable 
substances, and can be boiled for a long time with water without 
undergoing any appreciable change ; with aniline, they at once yield 
characteristic anilic acids. The trai^is-anhydrides are quantitatively 
converted into cw-isomerides on being heated for several hours with 
acetic anhydride at 170° in sealed tubes. 

E. s~Diisopropylsuccinic Acids, 

tra.nB-S'Diisopr^pylsucczmc acid is quite insoluble in hot benzene 
and melts at 226 — ^228°. On analysis : 

0-1057 gave 0*2295 00^ and 0*0839 H2O. C==69*22 ; H = 8*91. 
Oj0H^gO4 requires 0 = 59*40 ; H 8*91 per cent. 

Siif?er Salt, . 

0-2736, on i^tion, gave 6*1412 Ag. ; Ag== 51*61. 

specimen, dried over sulphuric 
: bh 'tealysis, g^ the following results : 

O-ika lost 0*0551 HgO at 150° = 12*98. 

0*3697 anhydrous salt gave 0*0870 OaO. OaO = 23*53. 

Calculated, HgO « 13*05 5 CaO (in anhydrous salt) = 23*33 per cent. 

Anhydride. — The acid was very slowly acted on by boiling acetyl 
chloride, upwards of 3 hours being required for its complete solution. 
The resulting anhydride is a colourless liquid, which, under 752 mm. 
pr^sure, distilled over at 263 — 265°; no signs of crystallisation were 
evident, even after the substance had stood for many days at 0° over 
sulphuric acid. On analysis: 

0*1533 gave 0*3651 00^ and 0*1206 HgO. 0 = 64*95 ; H = 8*73. 

Cs= 65*21 j H — 8*69 per cent. 

The liquid was not appreciably changed by the prolonged action of 
boiling water, but it instantly dissolved in a warm 60 per cent, solu- 
tion of sodium hydroxide. On acidifying the solution, a white, crystal- 
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line acid was precipitated wMch melted between 210^ and 215°; on 
treating this with hot benzene, a very small quantity of the cw-acid 
(m. p. 170°) was extracted, and the insoluble residue now melted at 
226°. 

It is evident, therefore, that the ^rajw-acid, with acetyl chloride, 
yielded its own anhydride, a small portion of which,, most probably on 
distillation, had been converted into the c^Vmodification. 

Anilic acid^ made from a portion of anhydride which had not been 
distilled, and recrystallised from hot benzene, melted at 201 — 202° 
On analysis, it yielded the following results : 

0-1719 gave 0-4333 00^ and 0-1372 HgO. 0 = 69*62 ; H = 8-87. 

0*2536 „ 11*33 c.c. nitrogen at 18° and 762 mm. ]Sr = 5*16, 

OigHggOgN requires 0= 69*31 ; H = 8*66 ; N = 5*05 per cent. 

OiB-B-Diisopiropylsuccinic acid, recrystallised from hot benzene, melted 
at 168 — 170°, but after being transformed into the anhydride and 
reconverted into acid, melted very sharply at 171°. On analysis : 

0-1520 gave 0*3316 OOg and 0*1250 H^O. 0 = 59*50 ; H = 9*U. 

O10H18O4 requires 0 = 59 *40; H = 8*91 per cent. 

Silver Salt : 

0*1160, on ignition, gave 0*0602 Ag. Ag = 51*89. 

Agg requires Ag = 5 1 *92 per cent. 

Galciwm Salt, 0iQB[jgO4Ca,4H2O. — ^A specimen dried over sulphuric 
acid in a vacuum was analysed : 

0*3937 lost 0-0927 at 150° H20 = 23*54. 

0*3010 anhydrous salt gave 0*0698 CaO. GaO = 23*19. 

Oalculated, H20 = 23*08, OaO (in anhydrous salt) =23*33 per cent. 

It may be here noted that the calcium salt of the acid melting at 
168 — 169°, described by Hell and Mayer (^oc. oit^, had the composition 
0j^Hj8040a,4H20, a circumstance which indicates that their acid was 
identical with our cis-acid. 

Anhydride. — The acid dissolved very readily in cold acetyl chloride 
with evolution of hydrogen chloride. The anhydride distilled over 
between 250° and 260° under 752 mm. pressure as a colourless liquid 
which did not solidify even after long standing in a vacuum over 
sulphuric acid. On analysis : 

0*1200 gave 0*2862 OOg and 0*0980 HgO. 0 = 65*16 ; H= 8*80. 

Oi^HjgOg requires 0 = 65*21 ; H = 8*69 per cent. 

Like the anhydride of the ^raws-acid, this liquid was remarkably 
stable, and was not decomposed by boiling water. It dissolved in warm 
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50 per cent, sodium hydroxide solution, and oh acidifying with hydro- 
chloric acid the original acid (m. p. 171°) was precipitated. 

Anilio acid^ prepared from the anhydride and recrystallised from 
hot benzene, melted at 184 — 185°. On analysis : 

0'1521 gave 0*3853 COg and 0*1218 HgO. 0= 69*09 ; H-=8*90, 
0*3039 „ 13*6 c.c. nitrogen at 17° and 760 mm. N=5*21, 

CigHgaOgN requires 0 =s= 69*13 ; H = 8*66 ; N » 5*05 per cent. 


Oonversion of tJie cis- and trans^Aczds* — (1) Action of 
Sydfochhric Add, — We have already stated in the introductory portion 
of this paper that Auwers was unable to effect the slightest change in 
his acid by heating it in sealed tubes with hydrochloric acid to 
180 — 200° We had a similar experience in the case of the c^s-acid, 
but on repeating the experiment at a temperature of 220 — 230° a 
small but quite appreciable quantity of it was converted into the 
^raw5-modification. On subjecting the trans-a,cid to the same treatment, 
by far the greater part was converted into the ciV-form. The state 
of equilibrium between the two isomerides finally attained in each of 
the two experiments was as nearly as possible the same. 

(2) Action of Acetic Anhydride,- — ^On boiling the ^m 9 ^ 5 -acid or its 
anhydride with acetic anhydride, it was gradually converted into the 
cts-anhydrider The conversion was complete in a few hours when the 
experiment was carried out at 170° in sealed tubes. 

Cli %-DipTopyl succinic Acids, 

add is sHghtly soluble in benzene, and 
1 ^ in chlc^^eite - ^ is best jseerystallised from a mixture 
ef pefeoleum, and #heh pure melts at 1 82-- -183°. 

0*1628 gave 0*3537 CO^ and 0*1320 H^O. Q = 59*27 ; H = 9*01. 
^loSisQir^uires 0 = 59*40; H = 8*91 per cent. 

SUver SdU. 


0*2212, on ignition, gave 0*1146 Ag. Ag = 51*84. 

^io®i6^4^g9 requires Ag = 51*92 per cent. 

Qaidum Salij ^ioSi 6040 a, 2 H 20 %— Specimen dried in a vacuum over 
j^pkuric acid. On analysis : 

0-3922 lost 0*0259 HgO at 150°. H^O^IS-SO. 

0;1998 anhydrous salt gave 0*0462 OaO. CaO=23*13. 

Calculated ; = 13*06 ; OaO (in anhydrous salt) = 23*33 per cent. 

A9%d^.~The acid dissolved more readily than the «raws-diiso^ 
propyl acM in boiling a^tyl chloride, only 45 minutes being required 
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for complete solution. The anhydride is a colourless liquid, which 
distilled over at 269— -274° under 768 mm. pressure. On analysis : 

0-1721 gave 0-4101 COg and 0*1349 HgO. C« 65*00 j H«8-71. 

requires 0 = 65*21 ; B[=8*69 per cent. 

A portion of the liquid was dissolved in a hot 50 per cent, solution 
of sodium hydroxide, and on acidifying the solution with hydrochloric 
acid, an acid melting at 160 — 170° separated, from which a small 
quantity of the c^-acid (m. p. 115 — 117°) could be extracted with 
benzene. 

It is evident therefore that, as in the case of the ^‘diisopropyl 
acids, some of the imws-anhydride was, on distillation, converted into 
the c^-modificationj for the undistilled anhydride yielded only the 
sodium salt of the ^mns-acid on being dissolved in sodium hydroxide. 

acie?, prepared from undistilled anhydride and recry sballised 
from benzene, melted at 184 — 185°. On analysis : 

0-1121 gave 0*2831 00^ and 0-0902 H^O. 0 = 68-90 ; H = 8-94. 

0-2444 „ 10*9 c.c. nitrogen at 18° and 764 mm. N = 5-20. 

C^gHogOgN requires 0 = 69-31 ; H=8’66; 17 = 5-05 per cent. 

Qi%-&-l)ip'opylsuccinic acid, when recrystallised from benzene, melted 
at 115—117°, but on being transformed into anhydride and then re- 
converted into acid, melted at 119 — 121°* On analysis : 

0-1698 gave 0-3690 OOg and 0*1347 HgO. 0 = 59*26 ; H = 8*99. 

requires 0 = 59*40 ; H = 8*91 per cent. 

• /Silver Salt. 

0*2364, on ignition, gave 0*1224 Ag, Ag = 51*79. 

Ci(^Hi604Ag2 requires Ag = 51 *92 per cent. 

OadciumTSalt^ O^^QH^QO^CajilgO. — Specimen dried in a vacuum over 
sulphuric acid. On analysis ; 

0-3127 lost 0*0225 HgO at 150°, Hf) = 7-20. 

0*4390 anhydrous salt gave 0*1021 CaO* OaO = 23*26. 

Calculated; H20 = 6*96 ; OaO (in anhydrous salt) = 23-33 per cent. 

Anhydride. — The acid dissolved very rapidly in cold acetyl chloride. 
The resulting anhydride was a colourless liquid which distilled at 
266 — 270° under 768 mm. pressure. On analysis ; 

0-1433 gave 0*3421 COg and 0*1134 H^O. 0 = 65-10 ; H = 8-80. 
^lo^ieOg requires 0 = 66*21 ; H = 8*69' per cent. 

The liquid was dissolved in a hot 50 per cent, solution of sodium 
hydroxide; on acidifying the solution with hydrochloric acid, the 
original cie-acid, melting at 119—121°, was precipitated. 
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Anilic add, prepared from the anhydride, and recrystalUsed from 
benzene, melted at 101 — 102®. On analysis : 

0-1441 gave 0-3672 COg and 0-1098 HgO. 0 = 69-48; H = 8‘47. 

0*2649 gave 12 c.c. nitrogen at 18° and 764 mm. 27 = 5*26. 

CJ 6 H 23 O 327 requires 0 = 69*31; H = 8*66 ; 27 = 5*05 per cent. 

Mutual Conversion of the cis- and trcins-Acids. ( 1 ) Action of Hydro- 
cUorio Add. — ^When either isomeride was heated with strong hydro- 
chloric acid for 10 hours at 180° in sealed tubes, a mixture of the two, 
containing about 95 per cent, of the ^raTis-acid, was obtained. These 
results form a striking contrast with the corresponding experiments 
on the a-diisopropyl acids, where it was shown that the cis-acid was 
not changed in the slightest degree by the action of hydrochloric acid 
at 180°, and is only to a very small extent converted into the ircms- 
form at 220—230° 

( 2 ) Action of Acetic Anhydride, — ^The ^mns-acid (or anhydride) is 
completely converted into the c^-anhydride by being heated for 5 
hours in sealed tubes with acetic anhydride. 

H. aa^-Propylisopropylsuccinic Acids, 

The investi^tion of these acids, as will be explained later, was un» 
dertaken for the express purpose of determining the influence of the 
* propylisopropyl ' combination upon the electrical conductivities of 
two stereoisonaOTc * succinic ’ acids. 

y^3c^mr€ui^-Prop^^ a beautiful, crystalline 

^ 3 wdar, l^hieh, after recrystalUsation from a mixture of ben^ne and 
l^t petroleum, melts at 192— 194°/ On analysis : 

0-mi gave 0-4048 OOg and 0*1529 H^O. 0 = 59*33 ; H = 9*13. 

requires O = 59*40 ; jBE = 8*91 per cent. 

Silver Salt. 

0-1572 yielded, on ignition, 0*0816 Ag. Ag = 52*11. 

^ 10 ^ 16 ^ 4^2 i*©quires Ag = 51*92 per cent. 

Geddum Salt is anhydrous. On analysis : 

0*3104, on ignition, gave 0*0519 OaO. CaO = 16*71. 

^10^-16^4^^ 16*66 per cent. 

.dnAyirwfc, prepared as usual. A colourless liquid which distilled 
at 265 '272° under 742 mm. pressure. On analysis : 

0-1179 gave 0*2811002 and 0*0942 HgO. 0 = 65*02; H = 8*88. 

^^^hres 0=65*21 ; E[ = 8*69 per cent. 

The mi dis^lved in a hot 50 per cent, sodium hy(h:oxide solution, 
giving the sodium salt of the odgmal trans-Bjoid. 
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Anzltc acid, prepared from the anhydride and aniline, melted at 
147 — 149^^ after recrystallisation from dilute alcohol. On analysis : 

0*1928 gave 8*75 c.c. nitrogen at 13° and 749 mm. !N' = 5‘26. 

CigHgsOgN requires N — 5*05 per cent, 

(5) cm-s-Fropylisoprojfyylsuccinic add crystallised in small plates with 
silvery lustre from a mixture of chloroform and light petroleum. It 
melted at 151 — 152°. On analysis : 

0*2011 gave 0*4360 COg and 0*1631 HgO. 0 = 59*13 ; H = 8*91. 

^10^18^4 requires 0 = 59*40; H = 8*91 per cent. 

Silver Salt, 

0*1552, on ignition, gave 0*0807 Ag. Ag = 52*00. 

OioHjgO^Agg requires Ag = 51*92 per cent. 

Calcium Salt, 0jQH^Q04'0a,2H20. On analysis : 

0*6221 lost 0*0828 HgO at 150° H20 = 13*31. 

0*3326 anhydrous salt gave 0*0551 CaO. CaO = 16*51. 

Oalculated, £[30 = 13*04 ; OaO (in anhydrous salt) = 16*66 per cent. 

Anhydride, — A colourless liquid which distilled at 26^ — 275° under 
742 mm. pressure. On analysis : / 

0*1028 gave 0*2449 CO2 and 0*0824 HgO. 0 = 64*99 ; H = 8*91. 

Oj^Hj^gOg requires 0 = 65*21 ; H = 8*69 per cent. 

The oil dissolved in a hot 50 per cent, solution of sodium hydroxide, 
yielding the sodium salt of the original cis-acid. 

Anilic add from anhydride and aniline. This, as distinguished from 
all anilic acids of substituted succinic acids which we have hitherto 
examined, is a liquid. All attempts to induce solidification failed. 

Mutual Comeraion qf the cis- and trans-^lcwfs. (1) Action of 
Hydrochloric Add. — On heating either the cis^ or ^mwe-acid in sealed 
tubes with hydrochloric acid at 200°, about half of it is converted into 
the isomeric form. 

(2) Action of Acetic Anhydride, — As in the case of the other acids 
described in the paper, the <m?i5-modification can be quantitatively 
converted into the a^-anhydride by being heated in sealed tubes with 
acetic anhydride at 160° 

TL, Dissociation Constants of the Acids. 

The study of the dissociation constants of the acids we have described ; 
in the foregoing sections of this paper has yielded such remarkable 
results that we feel justified in discussing them separately at some 
length, 
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Considering the constants of the ' succinic ' series as a whole, it may 
be pointed out that the replacement of one hydrogen in the molecule 
of succinic acid by an alkyl radicle is invariably accompanied by an 
increase in electrical conductivity, and, therefore, of the dissociation 
constant. Thus: 


Succinic acid..,* 0*0068 

Monomethylsuccinic acid 0*0085 

Monoethyl „ „ •• 0*0085 

Monopropyl „ 0*00886 

Monoisopropyl „ ,» 0*0076 


It will a^so be noted that whereas the * normal ’ radicles appear to have 
much the same influence on the conductivity, an *^iso ’’-grouping raises 
it to a much smaller extent. The substitution of a second hydrogen 
by an alkyl radicle may occur in one of two possible ways according 
as the second alkyl replaces a hydrogen attached to the same or to 
a different carbon atom as that to which the first alkyl was attached. 
Only one example of the first-named type of acid, namely, cjts-dim ethyl- 
succinic acid, has so far been studied from this point of view, and its 
constant (0*0080) is practically the same as that of the monomethyl acid. 
On the other hand, quite a number of -s-or aairdialkylsuccinic acids 
have been investigated, all of which, of course, exist in two stereo- 
isomeric forms. Experience shows that the substitution of the second 
hydrogen by alkyl in such cases invariably increases the dissociation 
eonstaait to a much greater extent than did the first alkyl substitution 
iha.t of succinic acid, and, further, that two stereoisomerides 
In each generally have nearly the same constants. Thus ; 




^mTw-Acid. 

cis-Acid. 

V 

... 0-0196 

00123 

s^IHey^yWccmic... . . 

... 0*0245 

0-0201 

^-Methylethy Isoccinic . . . 

... 0*0207 

0-0201 

afiq-Methylallylsucoinic ..... 

... 0*0243 

0-0233 

aoj-Ethylally Isuecinic ...... 

0*0269 

0-0369 


In the case of tri- or tetra-substituted acids, our present knowledge 
is limited to the methyl compounds ; the constants of these, however 
(trimethyl- =0*062 and tetramethyl- =0*033), show still the tendency 
of successive alkyl substitutions to increase the conductivities in the 
series* 

On determining the constants of our s-diiisopropyl acids we were 
asl<Hrished to find, not only that that of the cis-acid was very much 

ISie Tslues for lOOiJr quoted in this and following table wre those which appear 
to he the most probable at^rding to . determinations made by Walden, Walker, 
ourselTe% aad otii^ 
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greater than that of any other previously known member of the series, 
but also that it was over twenty times as great as that of the isomeric 
^mns-acid. The actual numbers obtained were : 


ticdi.-nB'S-Diisop'opylmccinic Acid (temp. 25°). 


V. 


m. 

lOO;?;. 

256 

63-7 

0*1535 

0*01081 

512 

73-15 

0*2090 

0*01088 

1024 

98-86 

0*2824 

0*01077 

2048 

129-7 

0*3691 

0*01057 



0*0108. 


cis-s- 

'Diisopropylsuccinic Acid (temp. 

25°). 

13 . 

flv 

m. 

ioo;fc. 

128 

146*8 

0*4i91 

0*2368 

256 

183*6 

0*5246 

0*2262 

512 

233*8 

0*6395 

0*2209 

1024 

262*4 

0*7491 

0*2183 


Z = 0*2300, 

In the first place, it will be observed that the value of k for our cis- 
acid approximates to that given by Auwers for the acid he obtained 
from ethyl a-bromoisovalerate (0*2938), but that, whereas his values 
diminished considerably on dilution (see p, 655), ours remain nearly 
constant. The chemical properties of the two acids (his and ours) are 
so much alike that we are not disposed to doubt their identity. But 
since the ircww-acid is now shown to have a constant less than one- 
twentieth that of the m-isomeride, Auwers’ conductivity results can 
hardly be explained on the supposition that- he was dealing with a 
mixture of the two in which the cii-iovm. predominated. As a matter 
of fact, we made a mixture of 9 parts of the m-acid with 1 part of the 
^rowa-acid, and although the mixture melted in the neighbourhood of 
178° (the temperature given by Auwers as the melting point of his 
acid), its ** dissociation constant ’’ (if such a term can be strictly applied 
to a variable quantity) was always much lower than that of the pure 
cis-acid, thus : 

Mixtiere of 90 f&f oen^. cis- wiA 10 per ceri^. ^ems^-tHisopropylsuc^ 
cmw (temp. 25°). 


V. 


fn. 

100k. 

384 

152-2 

0*4342 

0*0869 

768 

181-1 

0-5174 

0*0722 

1538 

211^1 

0-6028 

0*0596 

3072 

" 215*5 

0-6167 

0*0321 
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The chief interest, however, connected with these results, is the 
indication they afford that the constants of two stereisomeric satu- 
rated acids may differ very greatly. Professor J. Walker has in 
a private communication drawn our attention to the fact that the 
constant for maleic acid {k— 1*17) is thirteen times as great as that 
of fumaric acid (^ = 0*093). But the two cases are in no wise parallel, 
for the stereoisomerism of two s-dialkylsuccinic acids is of a totally 
different character from that of maleic and fumaric acids, although it 
must be confessed that the conventional use of the terms tram- and 
ci$- in the case of the former is misleading. 

Our experiments oh the conductivities of the two a-dipropylsuccinio 
acids yielded the following numbers : 


trsms-s-Dip'opi/huccmic Acid (temp. 25®). 




m. 

100&. 

256 

78*78 

0*2250 

0*02552 

512 

106*1 

0*3031 

0*02380 

1024 

144*4 

0*4126 

0*02337 

2048 

163*6 

0*4675 

0^025. 

0*02287 




* Acid (teinp. 25®), 



: 

ido;^:. 

128 

77-41 : 

0*2212 

.0*04908 

356 

103-91 

0*2966 

0-04883 

613 

136-41 

0-3893 

0-04867 

1024 

173-5 

0-4957 

0-04759 


^= 0 - 049 . 


There is nothing extraordinary about these results, for although 
there is a marked difference between the constants of the two 
stereoisomerides, it is not abnormal. Thinking that the exceptional 
behaviour of the s-diisopropyl acids might be connected with the iso- 
propyl grouping, we determined to examine oaj-methylisopropyl- and 
anj-propylisopropyl-succinic acids. Professor Perkin was kind enough 
to furnish us with specimens of the two inactive isomerides of the 
former,*^ whilst those of the latter were of our own preparation. 
Conductivity determinations gave the following results ; 

* The oai-methylisopropylsucciaic acids were described in a paper by W. H. 
Bentley, W. H. Perkin, jtin„ and J. F. Thorpe (Trans., 1896, 69, 270). 
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tr^TiB-aair^-MethyUsopropyl^ Acid (m. p. 174 — 175°), 




m. 

lOOife. 

161.7 

61-75 

0-1478 

0-01543 

323-4 

70-45 

0-2013 

0-01670 

646‘8 

95-75 

0-2735 

0-01590 

1293-6 

127-1 

0-3633 

0-01602 



0-0158. 


cis-aa^-ife^%Ssoprop 2 /&^ccmtc Acid (m. 

p. 126—126°). 

«. 

th- 

m. 

100*. 

90-8 

76-35 

0-2154 

0-0662 

181-6 

101-98 

0-2913 

0-0669 

363-2 

136-2 

0-3862 

0-0669 

726-4 

173-8 

0-4957 

0-0671 



= 0-066. 


trans-ooi' 

1 

1 

1 

1: 

(temp. 25°). 

V. 

ftt- 

m. 

100*. 

256 

61-74 

0-1764 

0-0149 

512 

82-85 

0-2367 

0-0144 

1024 

112-7 

0-3219 

0-0147 

2048 

143-6 

0-4103 

0-0139 



0-0147. 


Qis-ao^-FTopylkopropylsmcinic Acid (temp, 25°), 

V. 


m. 

100*. 

128 

62-63 

0-1790 

0-0297 

256 

83-90 

0-2397 

0-0295 

612 

104-6 

0-3200 

0-0294 

1024 

146-4 

0-4164 

0-0290 


Z= 

0-0296. 



• Thus, we find in the case of the aai-methylisopropyl acids that the con- 
stant of the cis- is four times that of the ^raTis-isomeride, whereas there 
is no greater difEerence between the two stereoisomeric aai-propyliso- 
propyl acids than there is between the corresponding two5-dipropyl acids. 
Hence it would seem that the peculiar behaviour of the two diisopropyl 
acids is in some measure due to the additive effect of the two isopropyl 
groups. In order to see whether this was wholly so or not, we pre- 
pared and determined the constants of the methyl hydrogen salts of 
the two 5-diisopropyl acids* We were astonished to find that the 
masking of one of the carboxyl groups, whilst it only lowered the 
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coBstant of the ^m 7 ^s-acid by about 40 per cent., reduced that of the 
cts-acid to one-twentieth of its original value. Thus : 


Methyl Sydrogm tvBJiB-^-Diisopropylsuceinate, 


Vf 

Mt-* 

ml 

lOOX:. 

380 

50-37 

0-1439 

0-0063B 

760 

68-64 

0-1961 

0-00629 

1520 

91-40 

0-2611 

0-00616 

3040 

^ 118-1 

0-3453 

0-00699 


ir= 0*0063. 


Methyl Hydrogen c\s-BrBiisopropylsuccinate, 


e. 


m. 

ioo;e?. . 

238 

52-87 

0*1510 

0-01129 

476 

73-08 

0-2087 

0-01153 

952 

98-26 

0-2807 

0*01153 

1904 

130-6 

0-3731 

0-01166 


0-0115. 


The foregoing results, which for the sake of reference we have 
tabulated at thS^ end of this paper, indicate that the connection be- 
tween. the dissociation constant and constitution of an organic acid is 
not so direct as^^ m would have us believe it to be. Professor 
Walker has recently stated (Tratis.i 1900, Y7, 398) that the increase 
in tli& ccmst^ of suecinic (chp «glutaric) acid when the hydrogens are 
a^eoBfisiv^y groups, is w ^ the primary effect 

but rather to an increase in the prorimity of the 
two cacboxyl groups. Adopting the P®fkin-Bonveault formula for 
camphoric add, which represents it as a succinic derivative, as 
follows: 

CMeg 

HgC^Me-COgH 
HgC — CH-COgH' 

he accounts for its small dissociation constant (0*0025) by saying that 
the rigidity of the ring formation prevents the approximation of 
the carboxyl radicles, and thus allows the primary effect of substitu-. 
tion to become manifest. The view that the proximity of the carboxyl 
radicles in succinic acid increases as the hydrogen is successively re- 
placed by alkyl groups, is supported by the fact that the tendency to 
anhydride formation is more marked as the number of alkyl-substi- 
tuted groups increases, but our results show that such considerations 
do not wholly explain the facts. Since our experience is that cifi-^-di- 
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propylsuccirdc acid yields an anhydride with acetyl chloride if anything 
more readily than does the cts-5-diisopropyl acid, it can hardly be con- 
tended that the two carboxyl radicles in the latter are nearer each 
other than they are in the former, and yet the constant of the latter 
is nearly five times as great as that of the former. We hope shortly 
to publish, in conjunction with Dr. Sudborough, important evidence 
on these matters derived from a study of the methyl hydrogen salts of 
substituted succinic acids, but the facts recorded in our present com- 
munication are sufficient to show that the subject calls for much further 
investigation before any general principle can legitimately be deduced. 


Toihh of Dissociation GonstmU, 


Acid. 

Tram. 

Gis, 

Approx, ratio. 

s-DipropylsTiGcinic 

0*026 

0*040 

1: 2 

ocsj^-Propylisopropylsuccinic . 

0*0147 

0*0295 

1 : 2 

ach -Methylisopropylsuccinic. . 

0*0158 

0*066 

1 ; 4 

s-Diisopropylsnopinic 

0*0108 

0*2300 

1 : 20 

Methyl hydrogen s-diisopropylsuccinate 

0*0063 

0*0115 

1: 2 


We desire to state that the expenses incurred in this research 
have been largely defrayed by a grant from the Eesearch Fund of the 
Chemical Society. 

The Oweks CoLTiSCE, 

Manchester. 


hYL— The Interaction between Sulphites and Nitrites. 

By Edward Divers and Tamehasa Haga. 

The present paper gives an account of a series of experiments the 
results of which seem to leave no room for doubt as to the truth of 
the following propositions respecting the sulphonation of nitrites: 
(1) normal sulphites have no action on nitrites; (2) pyrosulphites 
react but partially with nitrites ; (3) pyrosulphites react completely 
with nitrous acid or its equivalent of nitric oxide and nitric peroxide 
(nitrous fumes) ; and (4) sulphurous acid and nitrous acid, or the 
oxides and water equivalent to them, interact in such a way that 
the base of the sulphite, that may be used in place of the sulphurous 
acid, is needed only to preserve from hydrolysis the products of the 
interaction. Concerning these assertions, we would point out that 
YOL. Lxxm 
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tha first directly contradicts the' conclusions drawn by other workers 
from their experiments ; the seomi is novel like the first, the facts 
on which it is based having been hitherto misunderstood ; the third 
has been enunciated before but only on theoretical grounds ; lastly, the 
Jourth has also been made before, but upon a basis of experimental 
evidence quite inadequate to justify it. 

The estabiishinent of these propositions, taken along with what we 
have already published as to the constitution of Fremy's^ salts, will 
then allow of the further assertion being made that the interaction 
of nitrous acid with a pyrosulphite results in the formation of a two- 
thirds normal hydroximidosulphate, the other sulphazotised salts 
being secondary products derived from it. It is thus established that 
the only interaction between sulphites and nitrites is one of the 
greatest simplicity, instead of being full of complications, as hitherto 
believed. 

la. A Normal Svlphite has no Action on a Nitrite, 

Dipptassium or disodium sulphite has no action on a nitrite. In 
establmhing this fact, we have left mixed solutions of normal sulphite 
nitrite in varying proportions in closely corked flasks for days and 
for weeks, but no change has ever occurred ; for, when coloured with 
rosolic amd, a -drop diltite acid would at any time, as at first, 
diseh^e the colour. Had any action occurred, alkali hydroxide 
must have been gen the possibility pf which^ see sect. IK). 

IL portion of the soiutioD^ to which a drop of dilutp sulphuric acid had 
tihe pink oolPur of the rosolic acid when left 
fpr some time, the minute quantity of pyrosulphite which the acid had 
having slowly interacted with the nitrite, but When that was 
used up, no more action occurred, and, at any time, one drop of dilute 
acid would again remove the colour of the solution. 

Further proof of this inactivity is afforded by the fact that, whilst 
potassium pyrosulphite with a nitrite gives rise to the insoluble nitrilo- 
sulphate, no separation of this salt occurred in the above experiments, 
Again, barium chloride, added to the alkaline mixture of normal 
sulphite svith nitrite, threw down ail the sulphur as sulphite, and left 
^6 nitrite in solution neutral to litmus. Had sulphazotised salts 
been present, precipitation of the sulphur would have been incom- 
and the mother liquor would have remained strongly alkaline to 
lUmus, and when acidified would have deposited barium sulphate 
quieidy in the cold and at once if boiled. 

K?emy* Claus, and Haschig all believed that dipotassium sulphite 
acted on potasdum nitrite, although the last named chemist recogtnsed 
the value also of the pyrosulphite, as Berglund had done before him. 
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Fremy apparently used sulphite neutral to litmus and took it to be 
the normal salt, and Claus certainly did so. Since, therefore, they 
used sulphite which was, for the most part, pyrosulphite, no evidence 
on the point in question can be gathered from their woi*k. We would 
account for Fremy’s finding that sodium sulphite had no action on 
sodium nitrite, otherwise inexplicable, by assuming that the solution 
of sodium sulphite which he used happened to contain no pyro- 
sulphite. Claus’s statement that some potassium sulphite neutral to 
litmus acted as strongly on -nitrite, after he had added potash ‘ in 
excess’ to it, as it did before, is explicable if we assume that the 
excess spoken of was large enough to give the solution a markedly 
alkaline action on litmus and yet small enough to leave much pyro* 
sulphite unchanged. 

16. Fotassium Hydroxide not a Factor in the Formation of the 
Svlphazotised Salts, 

That normal potassium or sodium sulphite remains without action 
on a nitrite when alkali hydroxide is added was ascertained by 
leaving the three substances together in solution in a closed flask for 
some time, as in the preceding section, and then precipitating with 
barium chloride after the addition of ammonium chloride ; no sulphur 
compound was left in the filtrate. [Ammonium chloride prevents 
precipitation of hydroximidosulphate (Trans., 1894:, 65, 545> 559)]. 

On the many occasions we have had to prepare sulphazotised 
potassium salts by submitting solutions of nitrite and hydroxide to 
the action of sulphur dioxide, taking care to keep the solution briskly 
agitated, we have found that, even in ice-cold solutions, precipitation 
of these very sparingly soluble salts only begins from the point at 
which there is no more hydroxide left, and then goes on freely 
until the solution has become neutral to lacmoid paper. In proportion 
as the hydroxide disappears, sulphite becomes abundant, whilst from 
the time that the replacement of hydroxide by sulphite is complete, 
the quantity of sulphite steadily decreases as the sulphazotised salts 
form. Sulphazotised sodium salts being very soluble, no precipita- 
tion occurs during their preparation, and with these, therefore, we 
made an experiment to determine quantitatively what happens up to 
the point when the last portion of hydroxide disappears, as indicated 
by rosolic acid losing its pink colour. 

Washed sulphur dioxide was sent in a steady stream into a solution 
of 11 *21 grams KaHO and 19*34 grams sodium nitrite in 198 c.c. of 
water, kept in active motion and immersed in ice. The sodium com- 
pounds were in molecular proportion, but excess of nitrite would 
not have mattered. In a short time, 10 c.c, were removed by a pipette ; 

■' ' ' 3 A 2 ■ 
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soon after a second quantity, and not very long after a third, just 
as the piu^ colour of the rosolic acid had disappeared. The three 
portions were treated alihe. Each was mixed with excess of solutions 
of ammonium and barium chlorides and the precipitate filtered off, 
oxidised to sulphate, washed with dilute hydrochloric acid, and 
weighed as barium sulphate. By evaporating the ammonium chloride 
filtrate to dryness, all the sulphur of the sulphazotised salts was 
converted into sulphate by the nitrite and ammonium chloride. The 
soluble salts were washed out with dilute hydrochloric acid, and the 
barium sulphate collected and weighed. The solution of salts removed 
from the barium sulphate was concentrated and then heated under 
pressure for some hours, after which it was found to be still clear and 
therefore free from sulphate, showing' that no sulphazotised salt 
escaped decomposition during the evaporation. 

We give the quantities of sulphur dioxide found in each pipetteful 
as sulphite and as sulphazotised salts, and also state these quantities 
as parts per hundred of the total sulphur dioxide which had entered it. 

Sulph. 

dioz. as 1st 10 c.c. 2nd 10 c.c, 

Sxdphite... 0'0S62 gmitt=9(i’6 01204 giiam=96‘6 
Suiphazot.. 0’0023 „ = 8*4 0*0047 ,, = 8*6 

It will be seen that all but 3*5 per cent, of the sulphur dioxide 
entering the solution in the early stages of the experiment remained 
in ihe form of sulphite, and that even up to the time when the last 
df the hydroxide had been consumed, all but 8*5 per cent, of the total 
dioxide was in the state of sulphite. That it must be im- 
possible to ]pevent a temporary local excess of sulphur dioxide will be 
iit OEiee admitted, as also that it must be difficult in the later stages 
to keep down this local excess to very narrow limits. Therefore it 
will seem in the highest degree probable, if not certain, from this 
experiment that sulphur dioxide, equally with normal sulphite, does 
not act on nitrite in presence of alkali hydroxide. 

As Fremy believed that potassium hydroxide helps the formation 
of sulphazotised salts, he added it occasionally when passing sulphur 
dioxide into a solution of potassium nitrite, and to such an extent 
that at the end of the operation the mother liquor of his salts was so 
strongly alkaline as to be destructive to filter paper. Olaus, although 
he did not believe that the potash exercised any specific infiuence on 
the action, agreed with Fremy as to its value in precipitating and 
preserving the sulphazotised salts, and consequently stopped passing 
in sulphur dioxide as soon as the alumina contained in the potassium 
hydroxide began to precipitate, as this occurs while the solution is 
still strongly alkaline. Baschig, in attempting to prepare Fremy 


3rd 10 c.c. 

0*3996 gram =91 *6 per cent. 
0*0366 „ = 8*6 „ 
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BvlpTuiisate, also used this precipitation of alumina as the indication to 
stop the process. 

From this, it would seem that’Fremy, Claus, and Easchig have all 
prepared sulphazotised salts without difficulty under conditions , which 
we pronounce to be incompatible with their production. This 
apparent contradiction may be explained by assuming, for one thing, 
that, in Premy’s way of working, success followed only because, 
temporarily and locally, the point of saturation of the alkali was 
reached and exceeded, again and again, where the gas entered the 
solution, and there is nothing to show that, to check this, he kept his 
solution well agitated. Secondly, we can assume, with great proba- 
bility, that his solution often lost its alkalinity between the additions 
of the hydroxide which he made. Working as we believe he actually 
did, we have found it easy to get results similar to his. So far as 
Claus and Easchig followed Fremy’s method, their results are equally 
open to objection, whilst it is to be remarked of their alumina indi- 
cator that, not only is normal sulphite strongly alkaline to litmus, 
but, as we have found, any aluminium present is precipitated as 
hydroxide just when the sulphur dioxide has converted all alkali into 
normal sulphite. They will, therefore, in their experiments, have 
preserved none of the alkali unchanged and most probably have 
generated also some pyrosulphite. There is, besides, indirect evidence 
in Clauses work that normal sulphite is either inactive or acts only 
very slowly on nitrite, for when, having taken no excess of this salt, 
he stopped the process just after precipitation of alumina, much of 
this nitrite remained in the solution, and, as we have just pointed out, 
much normal sulphite must also have been present. The two salts 
were, therefore, together in solution unchanged. Easchig, too, found 
that sulphite and nitrite do not act on each other when in presence of 
potassium hydroxide dissolved in its own weight of water. 

Ila. Ewn a PyTosvlphite is ordy active on a NiPnte until it has hecowe 
Normal Sulphite* 

Pyrosulphite, neutral to lacmoid paper and containing, therefore, 
neither sulphurous acid nor normal sulphite, freely sulphonates 
nitrite, but is far from being all consumed in the process, as it has 
been represented to be by Claus, Berglund, and Easchig. Quantita- 
tive experiments have shown us that, when pyrosulphite is left in 
solution with excess of nitrite in a closed vessel for a considerable 
time, about one-third of the sulphite remains inactive by becoming 
converted into the normal salt, separable, as in other cases, from the 
sulphazotised salts by precipitation with barium chloride in presence 
of ammonium chloride. Prom this, it follows that 3 mols. of pyro- 
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sulphite are needed to convert 2 mols of nitrite into hydroximidosuh 
phate (Trans., 1894, 65, 526) and not 2 mols. only, as had been supposed. 
The third mol. of sulphite remains unavoidably in the solution, but all 
the nitrite is sulphonated, 21iTaN09 + SNagSgOg + OHg = 2]Sra2HhrS20y 
+ 21Ta2S03. Using less pyrosulphite, some nitrite remains at the end 
along with normal sulphite. That sodium pyrosulphite cannot easily 
be entirely used up in sulphonating sodium nitrite was observed by 
Baschig. * 

l^ot only is hydroximidosulpbate formed, but a little nitrilosulphate 
also, when a pyrosulphite acts on a nitrite, but if ordinary care is taken, 
this need never be enough to cause much less than one-third of the 
sulphite to remain inactive. If excess of pyrosulphite is used, the 
interaction appears to be Na!N’02-i-2N’a2S205 = Na3NS30g + l>ra2S0g, 
but we have not made any quantitative determination of the sulphite 
remaining, the qualitative evidence being sufficient. . 

The interaction between pyrosulphite and nitrite proceeds at first 
very rapidly and with great elevation of temperature, but when the 
temperature is kept down by cooling, it is soon retarded, so that 
many hours are then required for its completion. The normal sulphite 
seems here to inhibit the action of the pyrosulphite, just as the salt of 
a weak acid inhibits the action of that acid, an effect now well recog- 
nij^. This considerafeion points to the propriety of regarding the 
passage of pyrc^ulpMte to normal sulphite as its action as an acid on 
the nitrite, and sot as the yielding up of half of its sulphurous acid 
for ^ sulphonation of the nitrite, the interactions hmng 

then 

lid. Alkali is mi produced in the Sulphonation of a Nitrite, 

One of the most remarkable things, according to Claus, is the pro- 
duction of potassium hydroxide in the formation of Fremy’s salts 
through the agency of a sulphite. He explained this production by 
the equation KNOg + + 2B:^0 = K2HN-S20^ + SKHO. Such an 

equation was also published by Berglund {Lunds, Univ. Irskr,, 1875, 
13, 14). Rasehig gave the same equation for results obtained by 
himself and, in order to express other results, gave also the equation 
4* 2NraHS03 = KagHITSgO^ -P HaHO, Finding also, as Claus 
had done, that dipotassium hydroximidosulpbate does not combine at 
once or even at all with potassium hydroxide, he argued that this salt 
cannot have a constitution similar to that of Fremy^s ‘ basic ’ sul- 
phazotate because potassium hydroxide is produced along with it 
instead of bmng combined with it as Fremy’s ^ basic ' sulphazotate. 

Now, ail this is wrong in fact, both bn the part of Claus ahd of 
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Rasohig, as we have already shown (Trans., 1894, 65, 533), or show 
in other sections of the present paper, except as to the generation of 
alkali hydroxide, with which we now proceed to deal. Claus's 
emphatic statement, supported as it is by Berglund and by Raschig, 
that potassium hydroxide is formed when a sulphite meets a nitrite 
in solution, rests upon no other evidence than what we now set down 
in full, recalling the fact (section la) that between the normal sul- 
phite and nitrite there is really no action of any kind. A solution 
of sulphite made neutral bo litmus and a solution of nitrite of either 
potassium or sodium become hot and strongly alkaline to litmus 
when mixed together, and then contain much hydroximidosulphate 
and nitrilosulphate, both neutral to litmus, which soon crystallise out 
if they are the potassium salts. That is all these chemists had as 
evidence for the production of the hydroxide; let us add to it the 
fact that the addition of excess of barium chloride removes all the 
alkalinity. It follows, since pyrosulphites are a little acid to litmus 
and normal sulphites are very alkaline to it, that the phenomena 
depended on offer no grounds whatever for the belief that alkali 
hydroxide is produced. Except by the use of lime, baryta, or other 
base, there is, we believe, only one way by which potassium hydr- 
oxide can be generated from potassium sulphite, and that is one made 
known by us, namely, treatment of the sulphite first with nitric 
oxide and then with alcohol and water (Trans., 1895, 67, 1098). 

Ilia. A Pyrosvlpliite reacts completely witJi N'iirous Acid, 

As remarked at the end of section Ila, a pyrosulphite appears to 
act as an acid on the nitrite and then sulphonates the nitrous acid 
itself, — only indirectly, therefore, sulphonating the nitrite of a metal 
or of ammonium. One-third of the pyrosulphite should, accordingly, 
be replaceable by some other acid, and so it proves to be (section 
IIIc2). It is not new to formulate the sulphpnation of HNO^, and to 
speak of ^ nitrous acid ' as the reacting substance, for (passing over 
Eremy) Raschig has already done so ; but, whilst we would be 
understood to confine the activity to nitrous acid itself, or its acidic 
equivalents (section Hid), such was not the thought of Raschig, who 
only wrote H as a general symbol, and ^acid* as a general term, whilst 
representing metallic nitrites as active by genei^ting alkali hydroxide. 

IKTor is it new to learn that nitrous acid can be sulphonated. By 
treating a dissolved sulphite with nitrous acid (nitrous fumes), Eremy 
did succeed in obtaining sulphazotised salts, but the difdculty of 
moderating the flow of the gas, and the presence in it of nitrogen 
peroxide and nitric acid, made the operation so inconvenient, he said, 

. that he did not use it in preparing any of the salts he examined, and 
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gav0 no furtlier attention to it. W^e have taken up the matter, since 
untouched and unmentioned, where Fremy left it half a century ago. 
Our work has been very simple but very effective, and has consisted 
in subjecting a solution of pyrosulphite (and of normal sulphite, but 
of that we treat in section III 5 ) to nitrous fumes which act as nitrogen 
trioxide when of the right composition. The gases were fully 
absorbed by a concentrated solution of potassium pyrosulphite kept 
cold in a flask immersed in ice and brine and well agitated ; soon 
there was an abundant precipitation of hydroximidosulphate mixed 
with a little nitrilosulphate. While still much pyrosulphite remained 
unaltered, the process was stopped and the mother liquor at once 
drained off. In this way, we were very successful in getting much 
hydroximidosulphate and only a little nitrilosulphate, notwithstand- 
ing the presence all along of so much pyrosulphite for, as was pointed 
out by us long ago, in sufficiently cold solutions sulphonation to 
nitrilosulphate hardly occurs. 

The next five sections (III 5 , c, e, /) treat of various mixtures 
which, from the acid constitution of one of the components, behave 
like that of nitrite and pyrosulphite, that is, as if each contained 
pyrosulphite and nitrous acid. 

ms. iVbrma? Sidphite aZso reacts c<m]det 6 ly with Nitrous Acid* 

Beplacing the pyrosulphite used in the last experiment by the normal 
sulphite^ it found that again hydroximidosulphate and a very little 
nil^osuiphate w«re precipitated, hut in this case gradually. Here, 
however, potassium nitrite proved to be an additional product, which 
% gradually replacing the potassium sulphite in the solution allowed 
the j^pocess to be carried very far towards completion. The reaction 
is expressed by the equation SHNOg + 2X2803 = 2KN02 + H20-h 
XgHKSgOy, from which it is seen that only one-third of the nitrous 
acid becomes sulphonated, the rest being used up simply as an acid. 

This interaction is what, we believe, Raschig must inadvertently 
have got, when seeking to prepare Pelouze's salt (hyponitrososulphate) 
by the use of nitric oxide. The conditions are favourable to the pro- 
duction of the nitrito-hydroximidosulphate (this vol., p. 439), 

nic. AiAim of Sulphur Dioxide on Normal Sulphite and Nitrite* 

It has been shown in this paper (sect. K) that the hydroximido- 
sulphate which, from the first, accompanies the normal sulphite as a 
product of the action of sulphur dioxide on alkali nitrite and hydr- 
oxide, occurs in small proportions until nearly all the hydroxide has 
been saturated* After timt point is [passed, and when, therefore, 



THE INTERACTION BETWEEN SULPHITES AND NITRITES. 681 

sulpliur dioxide is meeting a mixture of nitrite and normal sulpMte, 
examination of the solution, by the method already described, shows 
that, along with a greater production of hydroximidosulphate than 
before, pyrosulphite is also produced in no insignificant quantity. 
This remarkable increase in the quantity of pyrosulphite, taken along 
with the fact (sect. Ila) that it acts on nitrite, proves that much of 
the sulphur dioxide combines directly with the normal sulphite. 

It is only after the greater part of this salt has been converted into 
pyrosulphite that the sulphur dioxide sulphonates the nitrite, which 
it then does by combining with it in conjunction with the pyrosulphite, 
thus : 2 KNO 2 + KgSgOg + 2 SO 2 + = 2 K 2 HNS 20 y, the hydroximido- 

sulphate being produced in this way with much greater facility than 
by the pyrosulphite alone, because its production is not accompanied 
here by the regeneration of normal sulphite with its inhibitory effect 
on sulphonation (sect. II«). In this change, it still holds true that it 
is nitrous acid itself which is sulphonated, the potassium leaving the 
nitrite to enter the sulphonate radicle, and being replaced by 
hydrogen. 

Claus held that there could be no difference between the effect of 
submitting a nitrite to the action of a sulphite and that of mixing it 
with a solution of hydroxide and then treating it with sulphur dioxide. 
The contents of this section and section Ila show that there is an 
essential difference between the two. 

Illd. Action of Oarbon Dioxide and of an Acid GairboWte on Nonenal 
Sulphite and Nitrite. 

As might be expected, tbe gradual addition of one of tbe stronger 
acids to a solution of normal sulphite and nitrite leads to the forma- 
tion of sulphazotised salts. But even carbon dioxide and the acid 
carbonates of the alkalis produce a similar effect. Concerning the 
action of carbon dioxide, we have nothing to add to what has been 
published in our first paper (Trans., 1887, 61, 661). Normal carbonates 
of the alkalis are inactive. 

it is known that nitrites are not decomposed by carbon dioxide, and 
also that alkali carbonates are decomposed by pyrosulphites as freely 
at the mean temperature as by sulphur dioxide itself. Accordingly, 
we have found that potassium or sodium hydrogen carbonate dissolved 
along with excess of normal potassium or sodium sulphite, gives off 
carbon dioxide to a current of air to about the same extent as it does 
in aqueous solution. But sodium hydrogen carbonate may be added 
to an ice-cold solution of sodium pyrosulphite, containing also much 
normal sulphite, and be only very gradually decomposed with effer- 
vescence. Indeed, an ice-cold concentrated solution of normal sodium 



682 


BI VERS AND HAGA; 


sulphite will deposit some acid carbonate when charged with carbon 
dioxide. 

It is, therefore, not surprising that sodium or potassium hydrogen 
carbonate has a very marked action on mixed normal sulphite and 
nitrite. When the three salts are left together in solution in a closed 
vessel for a day or two, much sulphazotised salt is formed, so that 
after the*carbonate and excess of sulphite have been precipitated by 
baryta and barium chloride in presence of ammonium chloride, the 
filtrate from the precipitate, after boiling with acid, gives much barium 
sulphate, and reduces cupric hydroxide freely. The interaction of the 
salts may be expressed by the equation + 2 K 2 SO 3 + SKHCOg = 

KgHliTSgOY-bSKgCOg + HgO, but since the two-thirds normal hydr- 
oximidosulphate is to a small extent converted by normal carbonate 
into a more nearly normal salt and acid carbonate (Trans., 1894, 66 , 
534), the change expressed by the above equation cannot proceed to 
completion. 

IJIe. Action of Svd^phuT Dioxide on Normal .Garhonate and Nitnte, 

When sulphur dioxide is added to 2 mols. of nitrite and 1 mol. 
of normal carbonate, until the solution becomes acid to lacmdid paper, 
the only products are hydroximidosulphate and carbon dioxide. This 
ago pointed put by us, and also that sulphite and acid 
«®Sbnate are intermediate products, the of which separates for 
a time from concentrated solutions^ We have made further experi- 
iaonts to ascertain the effect of the first portions of the sulphur 
m producing' hydroximidosulphate, which, where alkali 
is hsed^ have shown to be insignificant, 
experiments were carried out in the same way as those for 
t^ng the effect when sodium hydroxide is employed (16), but with the 
modification of making two pipettings each time instead of one, and 
of weighing both instead of merely measuring them. Then in the one 
we determined the sodium as sulphate, and used the result for 
calculating what fraction of the original solution the other quantity 
was in which we determined sulphite and sulphonates. We thus 
made ourselves independent of the change of volume during the reac- 
tion caused by loss of carbon dioxide and gain of sulphur dioxide. 
We found, in this way, a4mitting of no refined accuracy, that at a 
later sampling the solution contained, at most, as much as 3 | per cent, 
loss sodium than at an ^rlier sampling, a difference, however, hardly 
large emough to heed attention. 

&sfc for i^eiving the portion for the sodium determination 
wan weighed empty, ^ b^ for the other portion ^as 

weighed contaihmg gcpQe eoncenf rated solution of sodium hydroxide, 
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placed there to arrest all action in the pipetteful dropped into it. 
The first portion, by the changes it underwent on standing, showed 
how necessary the sodium hydroxide was for fixing the composition 
of the solution at the time it was sampled ; sometimes acid carbonate 
was deposited from it, sometimes hardly any ; sometimes the pre- 
cipitated acid carbonate slowly disappeared, sometimes it did not. 
The solution used contained 1 part of sodium nitrite in 4*64 parts of 
water, besides the calculated quantity of anhydrous sodium carbonate. 

The results of the experiments showed that hydroximidosulphate 
was largely produced from the beginning in proportion to the sulphite 
also formed. Thus, in one experiment, when 25 per cent, of the 
sulphur dioxide required for complete sulphonation had been passed 
in, 55’3 per cent, of it had become sulphonate, the rest (44*7 per cent.) 
sulphite. When 68’6 per cent, of the sulphur dioxide required had 
been used, 74'9 per cent, of it had become sulphonate and 26’1 per 
cent, sulphite. In another closely comparable experiment/ when 
33'7 per cent, of the sulphur dioxide required had been absorbed, 
62*7 per cent, of it had become sulphonate and the rest sulphite; 
when 44*4 per cent, of the whole had been used, 72*75 per cent, of it 
had become sulphonate ; and when 62*2 per cent, of the whole had 
been used, 81*5 per cent, of it had become, sulphonate. That is to 
say, as for the last statement, when 20*2 grams of sodium nitrite 
(with carbonate) had received 37*5 grams sulphur dioxide, 23-3 grams 
of this had become sulphonate and 14*2 grams had become sulphite. 

Ifniform results are here, however, as when hydroxide is used as 
the starting point, only obtained by uniform working, of which the 
following experiment is a good example, A solution of sodium nitrite 
and carbonate was divided approximately into one-fifth and four-fifths, 
and both portions were treated, as nearly as could be, alike, their 
unequal quantities making the only difference. The smaller portion, 
when it had received 20 per cent, of tHe fuU amount of sulphur 
dioxWe, was found to contain 61*8 per cent, of it in the form of 
sulphonate, 38*2 per cent, of it as sulphite. The larger portion, 
having received 26 per cent, of the amount neoess^fy for Its fu0 ' 
sulphonation, was found to have only 56*8 per cent, of it is sulphbn’- 
ate and 44*7 per cent, of it as sulphite, as already giWn ; h^ we 
stopped here at 20 per cent, sulphur dioadde, as we did with the 
smaller portion, the difference would have been still more striking. 
The difference observed was due to the smaller portion haying, in 
relation to its quantity, received sulphur diot^de four times more 
rapidly than the larger portion had, the stream of sulphur dioxide 
having been steady and very nearly alike in the two cases. The result 
was that local saturation was less c|ieeked by the agitation of the flask 



684 


DIYEES AND HAGA : 


in this case than when the much larger portion of solution was under 
treatment. 

The lack of uniformity in the results here described does not affect 
in the least the evidence they afford that the sulphonation of nitrite 
in presence of carbonate differs greatly in its course from what occurs 
in presence of alkali hydroxide, 

Bespecting the formation and destruction of sulphite in the process, 
this salt was observed to be produced rapidly until in quantity it has 
become equivalent to about one-eighth of the sulphur dioxide needed 
for sulphonation of all the nitrite. Then, for a time, its quantity 
remains nearly steady, all the sulphur dioxide which enters the solu- 
tion during that time becoming sulphonate. Finally, it steadily 
lessens in quantity as more sulphur dioxide is added, and disappears 
just at the end of the sulphonation. The more rapidly the sulphur 
dioxide is blown in at first, the less of it becomes sulphite, and the 
more sulphonate, as already stated above. 

One other striking thing observed in these experiments was the 
great variability, not only of the point at which acid carbonate was 
first precipitated, but also of the quantity. With quick working, acid 
carbonate precipitated much earlier and in much larger quantity 
than in slow working; thus, whilst with quick working acid car- 
bonate separated in abundance when 20 per cent, of all sulphur 
dioxide had been absorbed, it only precipitated, and then much less 
copiously, when 44 per cent*, and in another experiment 53 per cent,, 
cl all the sulphur dioxide had been supplied more slowly. The main 
addition, tlmrefore, for early precipitation of acid carbonate is 
addition of ' the i««ulphur dioxide at first, the same condition 
wMch favours growth of sulphouate at the expense of 

IHsmmm ike It becomes highly probable from a con- 

sideration of these results, together with what we know of the several 
substances concerned, that the first action or tendency to act of sul- 
phur dioxide when it enters the solution is to convert carbonate into 
normal sulphite and acid carbonate, and to leave tlie nitrite untouched, 
and that this action remains prominent so long as much normal car- 
bonate is undeeomposed. Aithough this cannot be shown experiment- 
ally, it is certain that this action does take place, for its products 
pr^nt themselves freely, products which could not be derived from the 
sulphonation of the nitrite. Both normal sulphite and acid carbonate 
act t(^ether with sulphur dioxide in sulphonatiug nitrite. 

In accordance with what is stated in sect, IIIc?, the normal sulphite 
and acnd carbonate together slowly disappear of themselves frbm the 
solution 3 of Siulphur dioxide is stopped, owing to sulpiio- 
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nation of the nitrite and reconversion of acid carbonate into normal 
carbonate, 

NaNOg + 2^2803 + SNaHCOg = INagHNSgOy + BN&^GO^ + HgO. 

Such a mode of sulphonation will therefore be also in operation when 
the entrance of more sulphur dioxide has not been arrested, but it is 
very slow in presence of normal carbonate, and may be disregarded as 
a factor in the process of sulphonating when sulphur dioxide is also 
at work. Here we would state that it is only to simplify discussion 
that we speak of normal sulphite and carbon dioxide, or even acid 
carbonate, being together unchanged ; these substances, as previously 
stated, act on each other to a large extent in ice-cold solutions, and 
in our work we met with precipitated acid carbonate at times when it 
could only be there in consequence of carbonic acid withholding 
sodium from pyrosulphite. 

That, in the earlier stages of the process, when much carbonate is 
present, the normal sulphite plays a very small part in the sulphona- 
tion, not ‘Only follows from the observation of the rapid increase in 
quantity at first, but is also shown by the quantity remaining nearly 
constant for a long time, although sulphur dioxide is still entering 
the solution and forming sulphonate. Only later, as the carbonate 
becomes consumed, does the sulphite become an important factor in the 
sulphonation by freely becoming pyrosulphite, for then its quantity 
rapidly falls. 

The part played by sulphite in the early stages being thus insigni- 
ficant, we have to seek in the carbonates the source of the early 
considerable sulphonation of the nitrite. It would be unreasonable 
to assume, with acid carbonate present, that the normal carbonate 
takes part in sulphonation: equally so to assume that it remains 
inactive to sulphur dioxide. We are therefore compelled to recognise 
that sulphonation goes on only after the conversion of. all the carbonate 
locally present to acid carbonate and normal sulphite has been efiected; 
Then the reaction that ensues is represented by the equation, * 

NaNOg + HaHOOa -h 2 SO 2 = Na^HHSgOy + 00 

When all normal carbonate has been converted into the acid salt by 
the carbon dioxide, the sulphite becomes as active as the acid carbonate, 
and neither salt gets consumed before the other. 

Whilst it seems certain that first the sulphur dioxide converts the 
normal carbonate into normal sulphite and acid carbonate, and only 
then produces hydroximidosulphate by acting on the nitrite along 
with acid carbonate in the earlier stages, and on both this and normal 
sulphite collaterally in the later stages, the experimental results show 
that local saturation must take place largely at the point where the 
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sulphur dioxide enters the solution, as so much sulphonate is produced 
along with the sulphite. In consequence of the activity of acid 
carbonate, local saturation becomes twice as difficult to prevent as 
when hydroxide is used in place of carbonate. 

If, in order to impede local saturation, we slacken [the rate of 
passing the sulphur dioxide into the solution, we meet with a fair 
amount of success. Thus, it was shown by the results of experiments 
already given, that the slower rate gave proportionately less sulphonate 
and more sulphate. But the effect of slowness in passing in the gas^ 
has its limit, in consequence of the continuous, although slow, inter- 
action which takes place between nitrite, normal sulphite, and acid 
carbonate, whereby sulphite disappears, to give place to sulphonate. 
It follows that too slow, as well as too rapid, an addition of sulphur 
dioxide is unfavourable to the accumulation of sulphite, rather than 
of sulphonate, in the solution, and that a medium rate of supply is 
best for raising the proportion of sulphite. 

There remains to be explained the great variability in the com* 
mencement of precipitation of the acid carbonate. This takes place 
the sooner the faster the sulphur dioxide is blown into the solution. 
When it occurs in the earlier stages of the process, it is therefore 
accompanied by greater predominance than usual of production of 
hydroximidosulphate over production of sulphite. It does not, how* 
ever, depend upon thi% for whilst sulphur dioxide liberates 1 mol. 
of carbon dioxide in changing carbonate into sulphite, 4 mols. of it 
j*re n^ded to liberate. 1 mol. of carbon dioxide in changing carbonate 
niteite in^ hydroximidosulphate. 

by a consideration of the fact that, 
the process at a moderate rate, the first crystaUisation 
^?^t)onate takes place long after the point at which the solution 
.)|]|ust contain the maximum of the salt, at least potentially, the point, 
,^t when half the carbonate has become either sulphonate or 
sulphite. When it does occur, the quantity of it in solution has 
become much less. Only where crystallisation is started early by a 
very rapid addition of sulphur dioxide does the acid carbonate con- 
tinue to separate out in such quantity as it could do at the stage of 
tffie process reached. The cause* in one word is supersaturation. The 
carbonate, it would seem, is slow to begin to precipitate from 
thejolution while that is not charged with carbon dioxide. At 
medium rate of working, this only happens in the later stages, any 
,|f^9^^<5arbonate and even much normal sulphite present keeping 
of c^bon dioxide, but by a rapid rate of worldng 
:tol ^uiatbn occurs and the acidified portion of the solution then 
y crystalli^tion has been started, it proceeds up - 
checked, m when cr^^ 



THE INTERACTION BEPWEEN SULPHITES AND NITRITES. 687 

the process, the amount of salt separating is small, and generally 
depends then for its existence upon its power to resisb the action of 
acid sulphite in ice-cold solutions. The solution when, potentially, at 
least, it is richest in acid carbonate, was found by us to crystallise 
soon if left to stand in a closed vessel, although sulphonation, which 
is destructive of acid carbonate, was slowly going on in it. 

Frimary Action of Sulphwr Dioxide on a Ritrite, 

Solution of sulphur dioxide added to that of potassium or sodium 
nitrite produces a sulphate and either nitric or nitrous oxide, according 
as one or other of the interacting substances is in excess. That is 
the ordinary well-known result,, but there are two ways of limiting 
the extent of the action so as to obtain either hydroximidosulphate 
and nitrous acid, or the undoubted products of their transformation. 
In this way, it is shown that the interaction of sulphur dioxide and 
a nitrite is 

2EJSr02 + 2 SO 2 + OH 2 ==* KgHNSA + HN-Og. 

The more important way to thus limit the action is by an experi- 
ment first tried by Claus 1871, 4, 508 ; this vol., p. 437), which 
consists in adding an alcoholic solution of sulphur dioxide to excess 
of potassium nitrite in strong aqueous solution. For this experiment 
gives, as we have ascertained, potassium nitrito-hydroximidosulphate 
which precipitates, and ethyl nitrite, which boils off by the heat of the 
reaction, SKNOg + SSOg + C^Hg* OH =* BJSTOgjKgHNSgOy -p OgH^NO^* 
By becoming ethyl nitrite, the nitrous acid is rendered inactive to- 
wards the hydroximidosulphate, which is thus saved from oxidation. 

The other way of tracing the earlier action of sulphur dioxide on a 
nitrite was found out by Basohig when trying to prove another point 
(sect. lYa). He added the nitrite to excess of sulphur dioxide, both 
being in very dilute and well cooled solution, evaporated down and 
neutralised the solution with chalk, and again evaporated the filtered 
solution. After m\ich potassium sulphate had crystallised out, 
potassium amidosulphate was finally obtained, as proof that hydrox- 
imidosulphate had “been formed at an earlier stage. Our own experi- 
ments have yielded us an earlier product of the degradation of this 
compound. 

At the time when Baschig published his observation, we published 
(Trans., 1887, 51, 659) one of ours, that silver nitrite and mercurous 
nitrite, when decomposed by sulphur dioxide solution, yield a substance 
answering to the copper test for hydroxy lamine. This we now know to 
be hydroxyamidosulphuric acid, butat thetimewe tookit tobehydroxyl- 
amine itself. We have also found that, after adding a dilute solution 
of sodium nitrite to excess of a cooled solution of sulphur dioxide and 
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then blowing out of the solution the residual sulphur dioxide by acurrent 
of air, enough hydroxyamidosulphate (hydrolysed hydroximidosulphate) 
is present to be easily identified by the copper test. A hydroxyamido- 
sulphate is distinguishable from hydroxylamine in applying this test 
by finding that the mother liquor of the cuprous oxide (which need 
not be filtered off) gives sulphurous acid when acidified (Trans., 1889, 
55, 770)- 

Although less successful than Clauses experiment, Baschig’s method 
is serviceable for showing that the alcohol used in the former plays 
only a secondary part. Whilst excess of nitrite is successfully used 
in that experiment, the sulphur dioxide must be in excess in 
Baschig's method. To tmderstand this, it has only to be remembered, 
firstly, that nitrous acid would oxidise hydroximidosulphate at once, 
and, secondly, that sulphurous acid sulphonates the hydroximido- 
sulphate slowly enough to allow a little of it being secured in a 
hydrolysed state. 

TVa, Sul'phonation of Nitrov^ Acid hy Sulphurous Acid, 

Premy believed that certain of his sulphazotised salts were formed 
in the first action of sulphurous acid on nitrous acid. From this be- 
lief, Claus strongly dissented, holding that presence of a base (as salt) 
was essential to the production of these acids. Baschig considered 
that his experiment of treating potassium nitrite with sulphur dioxide 
in excess (sect. Ill/) proved the correctness of Fremy's belief; but 
that cannot be admitted, since poimssium is present in this experiment 
playing the part of base. It is, however, quite practicable to estab- 
lish Fremy’s belief, that no base whatever is necessary to bring about 
the formation of sulphazotised acids. 

When a solution of sulphur dioxide, better ice-cold, is treated with 
a relatively small quantity of nitrous fumes passed on to its surface 
while it is being well agitated in a flask, and is then deprived of 
the remaining sulphur dioxide by a rapid current of air, or even 
by quick boiling, it will give a good reaction for hydroxyamido- 
suiphuric acid with the copper test. A Uttle deviation in the 
composition of the nitrous gas from that of nitrogen trioxide is 
not of importance. If the object is only to get amidosulphuric 
the solution of sulphur dioxide is left to stand for a day 
it has received the nitrous acid, without expelling what is 
left the sulphur dioxide. If it is then evaporated on the water* 
ba^, and further concentrated in the vacuum desiccator, the 
^ ^is$rioei^hu3n.c acid will crystallise out from the sulphuric acid hy 
it is accompanied (Trans., 1896, 69, 1634:). We have puri- 
^ add by; r^ and have hydrolysed it at 150% 
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by means of hydrochloric acid, into acid ammonium sulphate; we 
have also completely volatilised the acid by heat, thus proving the 
absence of base accidentally derived. 

Nitrosyl sulphate dropped into a large excess of cooled solution 
of sulphur dioxide also yields the hydroxyamidosulphate reaction 
with copper sulphate and potassium hydroxide. 

IY6. Influence of the Base cf the Witrite or Sulphite, 

Although Fremy held that sulphurous and nitrous acids combine 
together, he did not believe that the resulting sulphazotised acids 
could be obtained in this way, because of their inability to exist in 
absence of a base. Moreover, he considered that a strong base is 
influential in bringing about the formation of these acids, al- 
though he was not successful when employing soda as the base. The 
only hydroximidosulphates he could isolate, indeed, were those of 
potassium, but from ammonium nitrite he prepared the nitrilosulphate, 
and also obtained evidence that calcium, strontium, and barium nitrites 
are convertible into amidated sulphates. 

We have just shown (sect. IVa) that the interaction of sulphurous 
and nitrous acids does not require the presence of a base in order to 
produce sulphazotised acids, although such presence is essential to 
preserve unchanged the first product of the interaction. Some 
bases will doubtless be inferior to others for this purpose, and those 
which do not freely form soluble pyrosulphites are difficult to work 
with ; otherwise the nature of the base seems to be a matter of indif- 
ference. Since the time of our early publications on the subject, 
we have extended our experiments to several other nitrites than 
those of sodium, mercurosum, and silver, with the results we now 
record. 

Ammonium Ammonium nitrite solution was prepared by 

triturating silver nitrite with its equivalent of ammonium chloride 
dissolved in about five times its weight of water, and removing silver 
chloride with the aid of the pump, and to the filtrate, after it had 
been cooled in ice, was added a little less than its equivalent of am- 
monia, which bad just before been converted into sulphite by passing 
sulphur dioxide into the solution ; more sulphur dioxide was then 
passed . into the mixture until it reddened lacmoid paper. In this way, 
the ammonium nitrite was almost ail sulphonated without any evolu- 
tion of gas having occurred until just at the last, when slight nitrous 
fumes appeared. Some of this solution, on being hydrolysed and then 
tested with copper sulphate and potassium hydroxide, was shown to 
have contained abundance of ammonium hydroximidosulphate. 
Another portion of the solution not hydrolysed gave a large precipi- 
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tation of two-thirds normal potassium hydroximidosulphate on adding 
potassium chloride. 

Barium Salts , — Some barium hydroxide was converted into sulphite 
by putting it in water and passing in sulphur dioxide j the barium 
sulphite was then, for the most part, brought into solution by passing 
in more sulphur dioxide. The product was added gradually to a solu- 
tion of a little more than its equivalent of barium nitrite, but having 
neglected to cool our solutions we feared that our experiment was a 
failure, for not only was there a large precipitate but also a consider- 
able evolution of nitrous gases. I^or our purpose, however, we found 
we had beeh amply successful ; the solution was only faintly acid to 
litmus and remained so. for hours, both it and the precipitate contain- 
ing large quantities of barium hydroximidosulphate. The precipitate 
also contained sulphite and sulphate, the latter being the complement 
to the nitrous fumes produced* The hydroximidosulphate was ex- 
tracted from the precipitate by a solution of ammonium chloride. 

Calcium Salts . — A solution of calcium nitrate, free from magnesium, 
sodium, potassium, and other ordinary impurities, was heated with 
well-washed, spongy lead until nitrogen oxides and ammonia began to 
form, and the filtered, very alkaline solution was first freed from lead 
by hydrogen sulphide, not used in excess, and then the calcium hydr- 
oxide was removed by carbon dioxide. (It was interesting to find that, 
contrary to assertion, carbon dioxide cannot be used to precipitate 
lead in presence of a calcium salt, since calcium precipitates before lead*) 
A solution of calcium sulphite in sulphurous acid was prepared just 
before use, in the same way as the barium salt had been, except that 
carefully prepared calcium carbonate took tlie place of barium hydrox- 
ide, Employing the calcium nitrite somewhat in excess of the 
calcium sulphite, the solution of the latter was gradually poured into 
the former, both solutions having ice floating in them at the time. 
No gas was given off, and only a moderate quantity of precipitate was 
formed, which consisted of sulphite. The filtrate was neutral and 
contained the full quantity of hydroximidosulphate expected. 

Zinc Salts . — Zinc nitrite solution was prepared by precipitating 
zinc sulphate with barium nitrite and^filtering. Zinc sulphite in 
solution in sulphurous acid was made from zinc oxide in water and 
sulphur dioxide. The two solutions, suitably proportioned and with 
ice floating in them, were mixed. No gas came off, zinc sulphite was 
]^?ecipitated, and the solution contained zinc hydroximidosulphate in 
Isi^ge quantity. 

Saits and Silver Salts. — Experiments, already referred to 
HJf of this paper, sufficiently establish that mercurous and 
^readily sulphonated. It is now evident that. the 
is a general reaction, essentially independent 
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of the nature of the base, which only effects the preservation of the 
products. It is not the salts which are sulphonated, but nitrous acid 
itself. 

Y, Wf\M Nitrous Acid becomes u)hen Sulphonated, 

In our paper on the non-existence of dihydroxylamine derivatives 
(this vol., p. 432) it has been established that neither theoretical 
considerations nor the abundant experimental work of other chemists 
and ourselves afford any support to the view that the double 
sulphonation of nitrous acid into a hydroximidosulphate occurs 
in two stages, or that a monosulphonated nitrous acid, 0N'*S03H or 
(H0)2N‘S03H, must be the first product of its change. In the present 
communication, it is shown that the ajoidity necessary for the sulphona 
tion of a nitrite points clearly to the fact that it is in every case the 
acid itself, and not its salts, which is directly sulphonated. We are, 
therefore, in the position to affirm that the fundamental interaction 
in the formation of all Fremy's sulphazotised salts is that between 
actual nitrous acid and a pyrostiiphite in which there is always formed 
the one substance, the two-thirds normal hydroximidosulphate corre- 
sponding to the pyrosulphite acting, thus: H0N0-j-(S02K)*S03K = 
H0N(S08K)2. The origin of ail the other salts out of this salt has 
been traced, partly by others and partly by ourselves, and need not be 
gone over again here. 


LVIL — Presence x>f Invertase in some Plants of the 
CrraminecB, Part L 

By James O'Sullivan. 

In 1890) Trans, Laboratory Glvh^ 3, 5), I drew attention to the 
presence of invertase in the rootlets and plumules of germinated 
barley \ the object of the present paper is to prove that this enzyme 
is common to other and more mature plants of the Oraminece, 

The difficulty of extracting enzymes from the living cells of plants 
is now well known ; even healthy yeast, as I have shown (Trans., 
1892, 61, 593), does not give up its invertase to water. The extrac- 
tion of invertase from the plants under consideration is not necessary, 
however, if it is proved satisfactorily that there must be a substance 
within the cells of these plants which has the power of hydrolysing 
cane-sugar. 
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Extraction of Invertase from Maize and Oat Plants, 


I have succeeded in preparing from maize and oats a small quantity 
of a substance which had an undoubted, although slight, hydrolytic 
action on cane-sugar. The method employed was as follows* Three 
healthy maize plants, grown in the open and about 12 inches high, 
were carefully uprooted and the roots cut off. The leaves and culms 
were cut up into small pieces, which were then well washed with 
recently distilled water containing chloroform. The pieces were ground 
with silver sand, left in contact with chloroform water for 24 hours, 
and then filtered. Alcohol was added to the filtrate until no further 
precipitation occurred, the precipitate being then collected on a filter and 
dried over sulphuric acid in a vacuum ; only 0T35 gram of substance was 
isolated. In like manner, from eight strong oat plants, T obtained only 
0*04 gram of substance. 

Two small test-tubes, each containing 10 c.c. of a 5 per cent, cane- 
sugar solution, were plugged with cotton wool, sterilised, and cooled. 
A drop of chloroform and the whole of the substance from maize was 
put into one of the tubes, a, and into the other, 5, the same amount of 
chloroform and the substance from oats. After remaining for 4 days 
in the cold, the solutions were carefully neutralised with potassium 
hydroxide and boiled for some time. The cupric oxide reducing 
power, A", of the solutions was determined gravimetrically, and the 
amount of cane-sugar hydrolysed calculated on the weight of substance 
used,* was, for o, 44 per cent., and 5, 50 per cent. 


of Invertase in Boots and Leaves of Oats, Maize, and Wheat, 


Oa««.---Some oat grains were steeped in water for 48 hours, and 
then grown in moist sand. On the seventh day of growth, the roots 
and plumules were removed from 20 of the germinated grains. The 
loots weighed 0*25 gram, and the plumules 0-47 gram. These were 
washed with chloroform water, dried between filter paper, and added 
each to 10 c.c. of a 5 per cent, solution of cane-sugar saturated with 
chloroform.t After remaining for 18 hours at 15--18^, they were 
then removed by filtration, and washed until the filtrate and washings 
^ounted to about 50 c.c. After neutralising, as above mentioned, 
the solutions were briskly boiled for some time, and the value of K ioT 
each determined, with the following results, expressed as before : 

Roots =33*1 per cent. ; plumules = 14*7 per cent. 

^ calculated throughout .his paper in 


t The oaue-su^ solufioa throughout 
saturated with dbl<>refcriiu 


thm paper means a 5 per cent, solution 
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The residual roots and plumules were immediately immersed in the 
same quantity of cane-sugar solution, and treated in every way as 
just described. The results obtained in this second treatment were : 

Koots = 10*7 per cent. ; plumules = 9-3 per cent. 

When the oat seedlings had grown for some time, the leaves being 
about 5 inches long and the endosperm consumed, some of the 
leaves were cut off at their junction with the leaf-sheath. These 
weighed 0*831 gram ; they were divided equally by weight, and the 
two portions washed several times with chloroform water, and finally 
dried by pressure between filter paper. One part, was added to 
10 c.c. of a water solution of chloroform, and the other part, 5, to 
10 c.c. of the sugar solution. After remaining for 18 hours at 
15 — 18°, these were treated as already described, and the results 
obtained, expressed as before, were : 

a = none ; 5 = 24 per cent. 

The leaves used in a and in h were then immersed separately in 
10 c.c. of the sugar solution, and, after remaining for 18 hours at 
15 — 18° were treated as before, with the results : 

a = 34 per cent. ; 5 = 16 per cent. 

Maize , — Two maize ’ plants, with the endosperm still attached, 
which were growing in the open, were carefully uprooted. The 
plumules and roots were cut off at their junction with the seed. The 
former weighed 0*43 gram, and the latter 0*24 gram. These were 
treated in every particular as in the case of the oat plant, and the 
results were : 

Plumules = 16*7 per cent, j roots =>14*9 per cent. 

They were immediately immersed in the same quantity of the cane- 
sugar solution, digested under the same conditions, and treated in 
every way as in the last instance. The results obtained in this 
second treatment were : 

Plumules — 10*0 per cent. ; roots — 22*0 per cent. 

Two maize plants like those just described were similarly divided 
at the time. The plumules weighed 0*486 gram, and the roots 
0*096 gram. These were each immersed in 10 c.c. of chloroform 
water, and at the end of 18 hours the extracts had no cupric reducing 
power. The plumules and roots from these experiments were each 
added to 10 c.c. of the sugar solution and digested as before at 15 — 18° 
for 18 hours, with the following results : 

Plumules^ 13*0 per cent. ; roots= 20*0 per cent. 
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Two quantities, each weighing 0*38 gram, of the seedling 
leaves of wheat were taken. To one, a, 10 c.c. of chloroform water 
were added, and to the other, 5, 10 c.c. of the sugar solution. After 
18 hours at 15 — 18°, the results obtained were ; 

a — none ; 6 = 52 per cent. 

The leaves from 5 were immediately immersed in the same quantity 
of the sugar solution, and the result obtained, expressed as before, 
was 54 per cent, 

A quantity of the portion of wheat seedlings above ground was 
collected during a period of snow and severe frost, and divided into 
four parts of 1*3 grams each. After washing with chloroform water 
and drying as already mentioned, three of the parts, a, 5, and c, were 
each added to 15 c.c. of the cane-sugar solution, and the fourth, c?, to 
the same volume of chloroform water j all were digested for 24 hours 
in the cold ; the results obtained were : 

C5 = 8*9j J=10*0; c = 10*9; ^^ = 0*35 per cent. 

In order to compare with a, 5, and c, the result obtained in d is ex- 
pressed in terms of cane-sugar hydrolysed, as if cane-sugar had been 
present. 

Jour days after the last series of experiments were made, the 
weather having in no way improved, another quantity of the wheat 
plants was collected and divided into two parts of 0'364 gram each# 
One part, a, was treated as in the last series of experiments, and the 
second, J, as^a, only it was digested at 49—50°. The results were ; 

a, 24 hours at laboratory temperature, 8*1 per cent. 

A Shoursat 49— 60° 6*3 „ 

residue from b was again treated as before for 3 hours and gave 
* 4*7 per cent. 

This r^due was treated in the same way for 16 hours, and gave 
29"4 per cent. 

In order to test how much of the cane-sugar, in the presence of the 
. chloroform, would be hydrolysed at a temperature of 60°, the same 
quantity of the cane-sugar solution as used in the last series of experi- 
ments was digested for 24 hours at this temperature, and, calculated 
from the value of A" obtained, the cane-sugar hydrolysed amounted 
only to 0*002 gram. 

The total quantity of sugar, calculated as dextrose, in some of the 
gme wh eat leaves as used in the last series of experiments was deter- 
mined, Andamounted to 0-72 per cent. 
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Hydrolysis of Gane-suga/r not dm to Orgamsms attacked to the portions 
of Plants employed* 

In 1890, I concluded that organisms were not the cause of the 
inversion of the cane-sugar under the conditions of my experiments? 
and further proof of this view may now be given. 

Some wheat plants were collected under the conditions already 
mentioned, and of these 4 grams were washed several times with small 
quantities of chloroform water until the total washings amounted to 
250 c.c. To these washings, which were turbid, a little aluminium 
hydrate was added, and after well stirring, the whole was put aside 
in a tall cylinder for 24 hours ; the supernatant liquid was then poured 
o££ and the deposit, 6, retained. Microscopically, no organism could be 
detected in this deposit. 

Seven of the same plants of equah size were chosen and the leaves 
cut from the culm of each were equally divided numerically into two 
portions, a and 5, weighing respectively 0*29 and .0*301 gram. The 
seven culms, c, weighed 0*138 gram. The leaves, a and h separately, 
were washed with chloroform water, in small quantities at a time, 
until the washings in each case amounted to 500 c.c. To the 1000 c.c. 
of washings thus obtained, some Swedish filter-paper pulp was added, 
and after stirring well, the whole was filtered through ' a small filter 
paper, which, with its pulp contents, may be designated d* 

The deposit, 6, the leaves, a and 5, the culms, c, and the filter paper, 
d, with its contents were each added to 15 c.c. of the sugar solution 
and digested for 6 hours at 49 — 50°, The results as expressed before 
were : 

a = 16*5 ; 6 = 12*0 3 13*1 ; c2 = 0*06 ; e = 0*05 per cent. 

The results obtained in d and e are given in terms of cane-sugar 
hydrolysed, calculated on the quantity of leaves which was washed. 

Existence of Invertme in the Roots and Learns of a nearly mature 
Maize Plant* 

A maize plant about 16 inches in height and upon which the repro- 
ductive organs had not as yet appeared, was carefully uprooted in 
June, 1893. The weight of the leaves and culm was 8*26 grams, and 
that of the roots 0*841 gram. 

The roots were divided into two equal parts, a and 6, of 0*42 gram ; 
each part was well washed with chloroform water, dried by pressure 
between filter paper, and added to 25 c.c. of cane-sugar solution. After 
remaining for 18 hours in the cold, the extent of hydrolysis was ; 

ss 26 per cent, ; 6 = 24 per cent. 
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These roots were then added each to 10 c.c. of cane-sugar solution, 
and after remaining for 18 hours the results ‘were : 

a = 38 per cent. ;h=^B5 per cent. 

The leaves of the plant were divided by cutting lengthways through 
the midrib, and from the halves thus made strips were cut at right 
angles to the midrib. Three equal portions of 2*02 grams were taken, 
and to one, a, 26 c.c. of a 5 per cent, cane-sugar solution and 0*1 c.c. 
of chloroform were added, to another, b, a similar quantity of sugar 
solution, and to the third, c, the same volume of chloroform water. 

After remaining 18 hours in the cold, the numbers, calculated as 
before, were : 

<» = 10 per cent. ;h = 5 per cent. ; c = 0*94 per cent. 

These leaves were treated as before and the results obtained were : 

05 = 10*7 per cent. ; 6 = 7*1 per cent. ; c^nil 

A leaf was selected on an almost mature maize ‘plant and a section of 
the midrib weighing 0*631 gram was cut out lengthways and divided 
into pieces which were washed with a small quantity of chloroform 
water and then dried as in the experiments mentioned. After remain- 
ing 48 hours in the cold with 10 c.c. of a 10 per cent, cane-sugar 
solution, the amount of sugar hydrolysed was 12*1 per cent. 

A similar portion of the midrib of the same leaf, which was still 
attached to the growing plant, was cut out two days later. This 
weighed 0*295 gram, and, treated as in the last instance, the result 
indicated hydrolysis to the extent of 7*6 per cent. 

To similar quantities of cane-sugar solution, the washings from the 
portions of midrib used in these experiments were separately added, 
and after digesting for the same time, the solutions were found to 
have no cupric oxide reducing power. 


LVIIL ]^u7i7iogo,l(ict€(fU cbfid JLwvuloiuctnTicifTi, Two 
New Polysaccharides. 

By JuLiAK Levett Bakee and Thomas Hbney Pope. 

Ip is well known that uncrystallisable carbohydrates other than the 
starches occur in the endosperm of many seeds and nuts. The 
^mmation of such carbohydrates is a matter of some difSculty, 
they are in general very stable substances, and the methods 

of attacking them are consequently limited. 

The investigafeicms of.jl Schulze, Steiger, Maxwell, Eeiss, and 
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others have shown that the cell-wall of the endosperm of many 
seeds and nuts contains not only a substance which is insoluble 
in dilute acids, and, from its general behaviour, is considered 
to be cellulose, but also certain carbohydrates which are quickly 
dissolved and decomposed by hot dilute acids, yielding galactose, 
mannose, and pentoses. Several representatives of this group of 
carbohydrates, for example, galactoaraban, galactoxylan,^ galacto- 
mannan, and certain less complex galactans and mannans have 
been already described, and these differ from true cellulose by 
their indifference towards iodine and their insolubility in cuprammo- 
nium hydroxide. Yery little attention has been paid to these com- 
pounds, which are usually obtained by extracting the seeds or nuts 
with dilute aqueous alkali, and in some cases with water alone ; the 
main point which has been recorded in connection with their chemical 
behaviour is the fact that, on hydrolysis with enzymes or dilute acids, 
they yield certain sugars which have been identified by ordinary 
methods. 

In the present communication, we describe an examination of the 
reserve carbohydrates derived from the endosperm of the Indian 
clearing nut {St^ychms potatorum) and the ivory nut {Fhytelephas 
Tnacroca/rpa), Although these substances perform the functions of 
reserve material for the embryo, we have not been able to investigate 
the action on them of the particular enzymes associated with them 
in the nuts, and have therefore been obliged to confine ourselves 
almost entirely to a study of the products of hydrolysis by acids. 
In the case of the former, these products consist of galactose and 
mannose, and of the latter, mannose and Isevulose, the two complex 
carbohydrates, as will be shown later, presenting well-marked 
differences in their physical and chemical properties. According to 
the nomenclature adopted by E. Schulze {Ber,^ 1891, 24, 2227), the 
carbohydrate from the clearing nut should be classed as a galacto- 
mannan or mannogalactan, that from the ivory nub being a Isevulo- 
mannan or mannoleevulan* Such names, however, take no account of 
the relative amount of each sugar obtained on hydrolysis, and in view 
of the fact that the substance derived from the clearing nut yields 
considerably more galactose than mannose on hydrolysis, we propose 
to call it a mawogalactan ^ on similar grounds, the carbohydrate 
obtained from the ivory nut is referred to as a ImvuloTnarman, With 
regard to the last-named substance, it is noteworthy that Isevulose, 
although in small amount, constitutes one product of hydrolysis ; so 
far as we are aware, inulin, cane-sugar, and melibiose are the only 
well-known carbohydrates which, on hydrolysis, give rise to IsevulosOf 



698 BAKER AND POPE : MANNOGtAlACTAN AND L-BVDLOMANNAN. 


MaNNOGAIiACTAK. 

According to the Dictionary of Economic Products of India (1893, 
6, iii, 382), the clearing nut constitutes the stone of the* fruit of a tree 
widely distributed throughout India j when soft, it is grated, and in 
this state is made use of for clearing muddy water contained in 
earthenware vessels. In order to obtain the nuts in a condition 
suitable for investigation, they were soaked in water at 35 for 
two days and then passed through a mincing machine j the product 
was dried in air, and finally ground in a coffee mill- 

The finely divided nuts were soaked in water, and then heated in a 
water-bath with 5 per cent, sulphuric or oxalic acid for 5 hours. The 
greater portion dissolved, leaving a residue apparently consisting 
chiefiy of cellulose. The acid liquid was neutralised with precipitated 
calcium carbonate, boiled with animal charcoal, filtered and evaporated 
under diminished pressure until the residue became syrupy. Alcohol 
was stirred into the syrup, and in the course of a few days a solid 
magma of crystals was obtained. The whole of this product was then 
triturated with a mixture of ethyl and methyl alcohols and filtered, the 
crystalline portion being purified by recrystallisation from 90 per cent, 
alcohol. By this means, a sugar was obtained which separated in 
aggregates of hexagonal prisms melting at 160 — 163°; the mean of 
three determinations of the specific rotatory power in 4 per cent, 
aqueous solution gave [a]i> +79-7°. The product was identified as 
galactose j its phenylhydrazone melted at 156°, and it gave mucio 
acid on oxidation with nitric acid. 

The mother liquor from which the galactose had been removed was 
freed from alcohol and treated in the cold with phenylhydrazine 
acetate. In a few minutes, a phenylhydrazone separated, crystallis- 
ing from hot water in faintly yellow, rhombic plates melting at 186°. 
Mannose phenylhydrazone melts at 186 — 188° (Reiss, Berj 1889, 22, 
609). 

The clearing nut therefore contains a substance which, on hydro- 
lysis with acids, yields a mixture of galactose and mannose. The 
absence of pentose sugars was proved by means of the furfuraldehyde 
test. 

Isolation of Mannogcdactan, 

Attempts were made to isolate this substance from the ground nuts 
by extraction with hot 2 per cent, aqueous alkali. The extract was fil- 
tered, acidified with acetic acid, boiled with animal charcoal, and then 
filtered into Strong alcohol. The white, flocculent precipitate which 
separated was collected, redissolved in water, and again poured into a 
large volume of alcohol. The freshly precipitated substance was 



TWO NEW POLYSACCHARIDES. 


699 


filtered, washed with 95 per cent, alcohol, dried at 110°, and cooled in 
a vacuum ; after this treatment, the specific rotatory power of a 2 
per cent, solution was[a]D +75'1° allowance being made for ash, 
which amounted to upwards of 2 per cent. Owing to the difficulty of 
removing mineral constituents, this method of preparation is, however, 
unsatisfactory. 

It was found that mannogalactan could be precipitated from 
moderately concentrated aqueous solutions by glacial acetic acid. 
The precipitate thus obtained was filtered and washed, first with cold, 
then with hot, alcohol and finally with ether ; in order to remove the 
last traces of acetic acid, the product -was extracted with strong boiling 
alcohol and then washed on the filter with cold 96 per cent, alcohol. 
The snow-white substance was dried in air and then heated at 105° 
for several hours, being afterwards allowed to cool in a vacuum. It 
contained 0-27 percent, of ash and had the specific rotatory power 
[a]i>-l-7r5ina2*5 per cent, aqueous solution. 

Although this method yields a product which contains a compara- 
tively small proportion of inorganic constituents, the process itself is 
somewhat tedious, and necessitates the employment of considerable 
quantities of alcohol. We have therefore been led to adopt a method 
of purification which depends on the fact that the mannogalactan 
from the Indian clearing nut forms a voluminous blue precipitate 
with Fehling’s solution or with cuprammonium hydroxide. The 
precipitate can be readily washed, provided the liquid remains slightly 
alkaline, but on reducing the alkalinity below a certain limit, the 
precipitate becomes soluble in water. The isolation of a mannan 
from yeast by means of the copper compound has been effected by 
Salkowski 1894, 27, 497). The method we adopted consisted 
in treating the ground nuts with a 2 per cent, solution of caustic soda 
for 2 hours in a water-bath, filtering through glass wool, and adding 
excess of Fehling^s solution to the filtrate. The blue precipitate 
settles to a pasty mass, excess of copper salt and other impurities being 
removed by kneading and washing with water. Cold dilute hydro- 
chloric or acetic acid is added to decompose the copper compound, the 
light green solution thus obtained being filtered and poured into strong 
alcohol. The white precipitate is washed with cold and then with hot 
alcohol, again dissolved in water, and reprecipitated with alcohol. The 
product is collected, dried in the air, then at 105° and cooled in a vacuum. 
This method of preparation gives excellent results, a neutral, ash-free 
substance being obtained ; it is of great value for the isolation in a 
pure condition of the polysaccharides we have examined, and its appli- 
cation to the study of certain other complex polysaccharides fore- 
shadows results of an interesting nature. 

The mannogalactan obtained by any of these three methods is ^ 
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snow-white, amorphous substance sparingly soluble in cold water, but 
Yeiry soluble in dilute caustic alkali. It gives no colour reaction with 
iodine. 

In order to satisfy ourselves that we were dealing with a homogeneous 
substance, some of the mannogalactan ([a]D +67*1°) was dissolved in 
water and fractionally precipitated with alcohol. Some difficulty was 
experienced in doing this, owing to »the extreme insolubility of the 
mannogalactan in alcohol. Two fractions were, however, obtained 
which had the specific rotatory powers [a]i> and -I- 67-3° 

respectively, showing that a separation had not been effected. On 
analysis : 

0*2239 gave 0*3620 COg and 0*1266 HgO. 0 = 44*11 ; H = 6*28. 

0*1971 „ 0*3200 002 „ 0*1112 HgO. 0 = 44*29 ; H = 6*27. 

CgHjoOg requires 0 = 44*40 ; H=6*ll per cent, 

A 3 per cent, aqueous solution is viscous, and it is therefore neces- 
sary to conduct the polarimetric examination in dilute solutions. 

0*7878 gram dissolved in 25 c.c. of water gave aj^ -|-2*34° in a 
100 mm. tube at 15°, whence [a]i> +74*2°, 

0*6222 gram and 0*6592 gram, under similar conditions, gave 
ai> +1*85° and +1*96° respectively, whence [a] 3 > +73*9° and 74*3°. 

Hydrolysis of Mannogalactan, 

Attempts were made to hydrolyse this substance with precipitated 
diastase and with yeast invertase, both at their optimum temperatures 
and in the cold, but without success. The nuts refused to germinate, 
smd we were thus unable to obtain any active enzyme which would 
hydrolyse the contents of the endosperm. A number of inversions 
were carried out with oxalic, sulphuric, and’hydrochlorio acids. From 
0*5 to 1 gram of the substance was dissolved in water, treated with 
acid until enough had been added to raise the concentration to 2 per 
cent., and the acid liquid then heated in a bath of boiling water during 
20 or 30 minutes. The inverted solution was cooled to 15°, diluted to 
25 C.C., and the rotation observed in a 200 mm. tube, the specific rotatory 
power of the mixed sugars being [aju +58*8°, as the mean of ten 
determinations. As the sole -products of hydrolysis of mannogalactan 
are galactose and mannose, the value [ a ]i> .-h 58*8° represents the mean 
sum of the rotations of these two sugars. Taking Alberda van 
Ekenstein’s number for the specific rotatory power of mannose, namely, 
[aji> + 14*25° {i?ec. Chim,, 1896, 15, 221), and that of galactose 
^ +80°, a inixtureof 2 mols. of galactose with 1 moL of mannose 

would specific rotatory power [a]i, + 68*04% a number in close 

agreement with mean of ouir determijiationst 
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The amount of galactose in the mannogalactan was then estimated 
by oxidising with nitric acid and weighing the mucic acid so produced 
(Tollens, 1885, 227, 223 ; Creydt, 1886, 19, 3115). In 

three determinations, the mucic acid obtained corresponded with 80, 82, 
and 77 per cent, of galactose. Three mols. of a substance having the 
empirical formula should yield 2 mols. of galactose or 74 per 

cent. These results are not in very close agreement, but the method 
itself is far from satisfactory. It must be borne in mind that the 
evidence aSorded by the mucic acid test is only qualitative in character ; 
it serves, however, to indicate whether the ratio of the amounts of 
mannose and galactose in the inverted mannogalactan is 1 : 2 or 1 : 3. 

Under the conditions of our experiments, it was not found possible 
to estimate the mannose as phenylhydrazone in presence of so large a 
quantity of galactose, because the separation of mannose phenyl- 
hydrazone from dilute solutions is incomplete. 

Considering the data obtained from the inversion numbers, and 
their approximate confirmation by means of the mucic acid test, it may 
be concluded that the complex mannogalactan splits up on hydrolysis 
into one part of mannose and two parts of galactose. 

In order to satisfy ourselves that the mannogalactan exists as such 
in the nut, and is not the product of the action of alkali, we extracted 
a quantity of the ground nuts with water. The extract, when cold, 
was precipitated with Fehling’s. solution and the resulting copper com- 
pound treated in the manner already described. The substance 
obtained by this means has in 2 per cent, aqueous solution the specific 
rotatory power [a ]i> + 72*5°, and is in other respects identical with 
the preparations obtained by extracting tbe nuts with boiling dilute , 
alkali. Hence the action of the alkali only serves to expedite the f 
extraction of the polysaccharide. 


of Mannog<dact(m. 

Although the polysaccharide forms an insoluble blue compound 
when treated in aqueous solution with either Pehling's solution or ' 
cuprammonitim hydroxide, the copper compound could not be isolated 
in a condition suitable for analysis, for as the alkalinity of the liquid 
diminishes the compound becomes soluble. The addition of alcohol to 
the solution will then precipitate a copper compound, which is, however, 
not of constant composition. \ 

Basic lead acetate precipitates from aqueous solutions of manno- 
galactan a compound containing varying proportions of lead. 

DihenzoylTnannogalactan, is obtained on treat- 

ing the mannogalactan with benzoyl chloride according to Baumann's ' J 
conditions (Ber., 1886, 19, 3218). It is a» white, amorphous su 
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witli an indefinite melting point, and is soluble in glacial acetic acid, 
alcohol, or benzene. On analysis : 

0-1905 gave 0*4495 OOg and 0*0829 HgO. 0 = 64-35 j H==4-79. 

0-1997 „ 0-4716 002 „ 0-0872 HgO. 0:^64-40 ; H= 4-82. 

CgoHigOy requires 0 = 64*8 ; H = 4‘81 per cent. 

A determination of the specific rotatory pb'^er of dibenzoylmanno- 
galactan carried out in glacial acetic acid solution gave, as the mean of 
two observations, [a]i> 4- 23-0^ 

I^rvOLOMANNAN. 

The substance forming the reserve material of the ivory nut has 
been already investigated to some extent. Reiss {Landviirthsch, 
Jahrhuchf 1889, 18, 745) extracted the shavings of this nut with 
cold 75 per cent, sulphuric acid, and obtained a carbohydrate which 
he termed seminin. This substance swells up and partially dissolves 
in watery the solution is Isevorotatory, and effects reduction of 
Fehling's solution. Wlien hydrolysed with acids, seminose was 
formed, which E. Fischer subsequently {Ber,, 1889, 22, 1155) proved 
to be mannose. S. W. Johnson (J. Am&r, Ghem. Soo,, 1896, 18, 214) 
extracted ivory nut shavings with 10 per cent, caustic potash solu- 
tion, and by precipitation with alcohol and subsequent purification, 
obtained a substance which had the composition CgH^^Og, and, on 
hydrolysis, yielded mannose# 

In our examination of the ivory nut, the shavings, after treatment 
with cold 1 per cent* caustic alkali and subsequent washing with 
water, were boiled with 2 per cent* sulphuric acid for 1 J hours and 
filtered. The rather dark-coloured filtrate was neutralised, boiled 
with animal charcoal, filtered, and evaporated under diminished 
pressure to a syrup. This was then mixed with alcohol, and, as no 
crystalline sugar could be induced to separate, the syrup was dissolved 
in water, the alcohol removed, and an excess of phenyl hydrazine ace- 
tate added. Immediately, a copious precipitate of mannose phenyl- 
hydrazone separated, which, some hours later, was collected, and the 
filtrate decomposed with benzaldehyde. In this way, it was found 
that, besides mannose, another sugar is produced on hydrolysing the 
carbohydrate of the ivory nut. It is Isevorotatory, has a very sweet 
taste, gives phenylglucosazone (m. p. 206°) when treated with 
phenylhydrazine acetate, and decomposes very readily with the 
separation of humous substances when boiled -for a short time with 
h^rochldric acid. These reactions indicate the presence of Isevulose, 
by- the production of the characteristic claret- 
precipikte when the solution, mixed with an 







TV^O NEW POLYSACCHARIDES. 


?08 


equal volume of concentrated hydrochloric acid, was carefully warmed 
with a small quantity of resorcinol dissolved in hydrochloric acid 
(Seliwanoff, 1887, 20, 181; Hadicke and Tollens, 2eits, Ver, 
Ruhenzuckerind^ 1891, 41, 895). Up to the present, however, we 
have not been successful in isolating the Isevulose in a crystalline 
condition. 

When the original syrup was oxidised by means of nitric acid, no 
mucic acid was obtained ; and on distillation with hydrochloric acid, 
according to the directions of Flint and Tollens {Ber.^ 1892, 26, 
2912), less than 0*8 per cent, of furfuraldehyde was formed. 


Isolation of Ldsvulomannan, 

Ivory nut turnings were extracted in the cold with 6 per cent, 
aqueous caustic alkali. The extract was filtered through glass wool, 
and, to th^ clear filtrate, Fehling^s solution, or cuprammonium 
hydroxide, was added until no further precipitation occurred. The 
voluminous blue copper compound was washed with water by decant- 
ation, then well kneaded and again washed with water* The 
washing must be conducted carefully, or, as in the case of manno* 
galactan, when the alkali is nearly aU removed, the copper compound 
becomes soluble in water. The blue precipitate was next triturated 
with dilute hydrochloric acid, the resulting solution filtered and left 
for a few minutes, when a thick, white precipitate separated ; this 
was collected and washed with water until free from acid. In this 
state, the sxibstance dissolves easily in hot water, but on boiling the 
solution it separates completely in an insoluble form. Possibly, the 
substance in aqueous solution is in the state of a hydrate which, on 
boiling, becomes converted into an anhydride. The well-washed pre- 
paration was boiled with water for some time to completely convert 
the soluble modification into the insoluble form, which was collected, 
treated with hot alcohol, dried first in the air, then at 100% and 
finally at 120®. It was only after repeated heating at the latter 
temperature and cooling in a vacuum that the whole of the moistt^i?e 
was removed ; this behaviour resembles that of starch, which also 
requires prolonged heating at about 120® before it is completely dried. 

When prepared in this manner, leevulomannan is a white, amorphous 
substance, soluble only in solutions of caustic alkalis. On analysis : 

04893 gave 0*3068 CQg and 0*l046 'HgO. 

0*2031 „ 0*3279 COjj „ 0*1123 HgO. .0-44*0; H = 6*13. 

CgHi^Og requires C«44*4 ; H = 6*ll per cent. 

Owing to the insolubility of this substance in Water, the determina- 
tions of the rotatory power had to he made in caustic alkali solutions. 
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About 0*5 gram was boiled with a small quantity of water, cooled, and 
a few drops of strong aqueous caustic potash or soda added, any rise 
of temperature being avoided j the solution was made up to 25 c.c*, 
filtered, and examined in a 100 mm. tube. The mean of six deter- 
minations from different preparations gave the value [ajo — 44*1®, 

Hydrolysis of Lmvulornamian, 

About 0*5 gram of the substance was dissolved under the conditions 
mentioned above, 2 c.c. of concentrated hydrochloric acid were added, 
and the solution heated in a bath of boiling water for 15 minutes, 
cooled, made up to 25 c.c., filtered and examined at 20® in a 200 mm. 
tube. The mean specific rotatory power of the mixed sugars after 
inversion was [aj^ +9*5® at 20®, the limibs being within 1® of this 
value. Taking the value [ajr, -h 14*25° for mannose, and [a]i> —88*7® 
for Isevulose,* a mixture of 20 parts of mannose with 1 part of 
Isevulose would have the rotatory power [a]o +9*35®, which closely 
approximates to the experimental value. We do not, however, wish 
to insist that on acid hydrolysis, Isevulomannan yields a mixture of 
"Tievulose and mannose in the proportions just mentioned, as the 
Isevulose is present in far too small a quantity to allow of accurate 
measurement. 

Several estimations of mannose were made in the products of 
hydrolysis of laevulomannan by treating with phenylhydrazine acetate 
and weighing the phenylhydrazone formed. The following are the 
results obtained : 

Inverted laevulomannan. Mannose phenylhydrazone. 

0*3246 0*4276 

0*9761 1*2990 

0*3321 0*4945 

0*3320 0*5045 

The determinations were carried out with the object of estimating 
the mannose only approximately, and as no correction was made for 
the solubility of the phenylhydrazone in the mother liquors, the resultc 
are probably low ; they serve, however, to establish the fact that 
laevulomannan yields at least 90 per cent, of mannose on hydrolysis 
as against 95 per cent, indicated by the rotatory power of the inverted 
solution. 

LihsnzoyUmvulomarman, prepared by acting or 

* According to Hdnig, Schubert, and Jesser {Wien, Alcad, Ber,, 97, ii, 534 
Ber, Mef.y 1887, 20, 721), the specific rotatory power of Isevulose at 20® is expressed 
by the formula : [a]i,= - 113 *9636® + 0*2583 where q represents the percentage o; 

^ In solutions of the inverted Isevulomannan of the concentra 

US, [a]» would therefore be about -88*7®. 


88*7 

89*3 

91*1 
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IsBvulomannan in alkaline solution with benzoyl chloride, was purified 
by solution in glacial acetic acid and precipitation with water, this 
treatment being thrice repeated. The substance is a white powder 
quite devoid of crystalline structure; it softens at 165—170°, and is 
soluble in benzene, alcohol, or glacial acetic acid. On analysis : 

0*2349 gave 0*5803 OO 2 and 0*1048 H^O. 0 = 64*9 ; H = 4*70. . 

OgoHigO^ requires 0 = 64*8. H = 4*81 per cent. 

Two determinations of the specific rotatory power in glacial acetic 
acid solution gave - 76*0° as a mean value. 

In conclusion, we wish to express our thanks to Mr. J. F. Briggs 
for having kindly supplied us with a quantity of the Indian clearing 
nut. 

LAnOBATOEY OF THE BEETROOT SUGAR ASSOCIATION. 


LIX . — The Dissociation Constant of Azoimide {Hy dr- 

azoic Acid), 

By Charles Alfred West, Assoc. B.O.S. 

In view of the remarkable properties of hydrazoic acid, it was thought 
that a determination of the avidity of the acid would be of interest. 
While the work was in progress, however, it was found that Ostwald 
had already determined the electrical conductivity of the acid and had 
ascertained that it was a somewhat stronger acid than acetic acid 
(compare Curtius, CAcm., 1891, [ii], 43, 207). Professor Ostwald 
has boen good enough to infgrm the author that the details of his 
work were never published and that they have not been preserved. 
In these circumstances, an account of the results obtained in the 
present experiments may be put on record. 

S^TQpmatim qf the Aoid and Sodiwn Sait, 

The sodium salt of hydrazoic acid was prepared by tie method 
described by W. Wisl|cenus (j?er., 1892, J25, 2084), The product tras 
dissolved in some of the water which had been prepared for the con- 
ductivity experiments, sulphuric acid added in slight excess, and the 
hydrazoic acid distilled off. Practically the whole had passed over 
when about one-third of the liquid had been distilled. The acid was 
estimated by titration With W/IO caustic soda, using phenolphthalein 
as indicator. 

About 30 c.c. of the Ay2 acid were neutralised with pure sodium 
hydroxide, then a little more of the acid was added, and the solution 
boiled for some time 
you liXXVli, 


to expel the excess, The resulting solution waa 
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not alkaline to pbenolphtlialein, but a drop placed on neutral litmus 
paper gradually, but very slowly, turned the litmus distinctly blue, 

Eatimatim of tha Sodium Salt. 

As hydrazoic acid distils very readily, it was thought that the 
sodium salt might be estimated by adding excess of iV/lO sulphuric 
acid, boiling off the hydrazoic acid and titrating the excess of sul- 
phuric acid with soda, r 

This method of estimation was tested and found to be satisfactory 
by titrating a solution of hydrazoic acid with if/lO soda, adding 
excess of N’jlO sulphuric acid, boiling for 20 minutes, and then 
titrating back with soda. The volumes of the soda and sulphurid 
acid solutions used were exactly equal, showing that all the hydrazoic 
acid had been expelled by boiling. 

Conductivity Experiments, 

The water used was prepared in a well ventilated laboratory, where 
no other work was going on, by distilling the laboratory distilled 
water first with sulphuric acid, then with baryta, and then alone. 
The water thus prepared had a conductivity of 5*86 x Siemens* 
units. This was taken into account in the measurements below. 

The conductivities were determined by Kphlrausch’s method, by 
means of induction currents and a telephone. A covered cell with 
platinised platinum electrodes was used, tbe cell being immersed to 
within ^th of an inch of the t6p in water at 25°. 

To test the working of the apparatus, the conductivity of acetic acid 
was determined with the following results : 

Mol. conductivity Mol. conductivity 

t?. found* at 25“ (Ostwald), 

10 4*89 4*86 

100 15-10 15*15 

1000 45*3 45*6 

The conductivity of sodium hydrazoate was then determined with 
the following results : * 



At* 


#*■ 

32 

100*8 

10 

■ 94-9 

64 

102*9 

100 

104-1 

128 

104*8 

1000 

108-2 

256 

106*5 



512 

107*2 



1024 

107*9 



2048 

107*8 
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will therefore have a value of about 109. The rate of increase 
in the conductivity of the iVyiOO solution of the sodium salt with 
increase in temperature was determined between 15^ and 35°, and was 
found to be 2*7 per cent, per degree. 

Conductivity oj Hydrazoic Acid, 

Taking /Iqq =109 for the sodium salt of hydrazoic acid, subtracting 
from this 44*5 for the velocity of the sodium ion, and adding 320*6 for 
hydrogen, we get 385 as the value of for hydrazoic acid. 

Measuretnents for the conductivity of hydrazoic acid were made with 
the following results : 


v. 

/t. 

m. 

Tc. 

10 

6-38 

0*01397 

O-00GO198 

100 

16-98 

0*0415 

0-0000180 

1000 

46-97 

0*1194 

0-0000166 


The value of h was also deduced from the ra,te of inversion of cane- 
sugar induced by the acid, and was found to be 0*0000186. 

The dissociation of acetic acid in iVyiO solution at 25° is 0 0133, 
and the value of h deduced from Ostwald’s measurements is 0*0000180. 
The dissociation of hydrochloric acid in NjlQ solution at 18° is 0*914. 
The avidity of hydrazoic acid is therefore a little greater than that of 
acetic acid, and only about one-seventieth of that of hydrochloric acid. 

These determinations were carried out at the suggestion of Prof. 
Tilden, to whom the author is indebted for advice during the progress 
of the work. 

Royal College op Soibnce, Londok, 

South Kensington, S.W. 


LX. — New Qlmoside from Willow Bath 

By Hooper Albert p.iqKXKSON JowBTT, D.Sc^ 

I\ has been generally assumed that the different species of willow 
b^ contain the same glucoside — salicin-^lthough in varying amount. 
Be<\ 4 for example {Amor, J. FJumn.f 1891^ 63, 581), gives the 
results of the assay of different species of willow bark, but no proof 
that the same glucoside was obtained from all the varieties. Having 
had occasion to examine a bark purchased as black willow, I found 
that the crystalline principle obtained from it by the usual method 
for preparing salicin, was not that substance, but a new glucoside for 



708 JOWETT; NEW GLUCOSIDE PROM WILLOW BARK 

which, the naxne ot salinigrin is provisionally proposed. Unfortunately, 
it has nob been possible to determine with certainty from what species 
of Salix the bark was obtained, for the identification of the different 
species of willow, even in living plants, is admitted by botanists to be 
a most difficult task. Beck (Zoc, ciL) gives the yield of salicin from 
Salix nigra as 0*73 per cent. . The determination of the constitution 
of this new glucoside has revealed an extremely interesting fact, for 
whilst salicin is the glucoside of o-hydroxy benzyl alcohol, salinigrin is 
the glucoside of !>ri-hydroxybenzaldehyde, a substance not met with 
hitherto in plants, 

A proximate analysis of the bark showed that, in addition to 
salinigrin, it contains a large amount of tannin, colouring matter, 
and the ordinary plant constituents. The amount of extractive 
matter obtained by means of alcohol and of water was 8*5 and 9^6 
per cent, respectively. 

Preparation of Salinigrin. 

The coarsely powdered bark was boiled with a convenient quantity 
of water for 2 hours, the decoction strained, and the marc pressed. 
The aqueous extract was then evaporated to a somewhat low bulk, 
10 per cent, of lead acetate added, the mixture boiled for a few 
minutes, and set aside. It was then strained through calico, the 
excess of lead acetate removed by hydrogen sulphide, and the mixture 
filtered. It was finally neutralised with ammonia, evaporated to a 
low bulk, and set aside to crystallise. The crystals were then drained 
by the aid of the pump, recrystallised from hot water until white, and 
finally recrystallised from hot alcohol. The yield of purified glucoside 
was about 1 per cent, of the bark, or somewhat higher than the figure 
given by Beck for salicin. 

Properties of Salinigrin. 

The glucoside separates in needles or rosettes, which, however, 
coalesce during collection and draining j if crystallised from water, it 
forms a crystalline mass ; better crystals can be obtained from alcohol. 
The purity of the product was determined by the fact that, after five 
crystallisations from water, once from acetone and from alcohol, the 
melting point was unchanged. The crystals are anhydrous and melt 
at 195° (corr.) without decomposition, solidifying to a crystalline mass 
on cooling. It is fairly soluble in cold, and exceedingly soluble in 
hot water, sparingly soluble in cold, but more so in hot alcohol, also 
Sparingly soluble in hot acetone, and almost insoluble in ether, light 
petroleum, or chloroform. Determinations of its solubility in water 
and in alcohol gave the following results : 
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1. In water at 15°: 7*5220 solution gave 01412 salt, hence 1 part 
is soluble in 52*2 parts of water. 

2. In alcohol at 15° : 4*9980 solution gave 0*0228 salt, hence 1 part 
is soluble in 218*2 parts of alcohol. 

The glucoside is IsBVorotatory, a determination of its specific rotation 
giving the following resrdt : 

-3*5°; Z = 2dcm.; c=:2*004; [a]15“= -87*3°. 

Unlike salicin, it gives no colour reaction with sulphuric acid or 
with other reagents. It very slightly reduces Fehling's solution on 
boiling. On analysis, the following results were obtained : 

0*255 gave 0*5178 00^ and 0*125 H 2 O. 0 = 55*37 ; H =5*45. 

0*2308,, 0*4664 002 „ 0*117 HgO. 0 = 55*11; H = 5*63. 

OigHigOy requires 0 = 55*00; H = 5*63 per cent. 

Hydrolysis of Salinigrin, 

When salinigrin is boiled with dilute acids, it undergoes hydrolysis, 
glucose and w-hydroxybenzaldehyde being formed. The hydrolysis is 
best carried out as follows : 2 grams are dissolved in 50 c.c. of 
3 per cent, aqueous sulphuric acid, the liquid boiled in a reflux 
apparatus for 3 to 4 hours, and then set aside. On cooling, long, 
needle-shaped crystals separate, which may be filtered off. The acid 
liquid is then extracted three or four times with ether, the ethereal 
solution washed, dried, and distilled. The crystalline residue is then 
mixed with the crystals previously separated, and the product set aside 
for further examination. 

In two experiments, the yield of the product soluble in ether was 
determined with the following results : 

(1) . 2 grams gave 0*9396 gram. Yield =46*98 per cent, 

(2) . 4 „ „ 1*8294 „ „ =46*74 „ 

Calculated for w^hydroxybenzaldehyde = 47*7 per cent. 

The liquid, after extraction with ether, is warmed, and thep neutral-; 
ised with barium carbonate, filtered, and the neutral filtrate evaporated 
to a low bulk on the water-bath. On standing and further evapora- 
tion, a syrup is formed which gradually crystallises and becomes a 
solid mass. 

A, Product Soluble in Ether ^ 

This, when first obtained, was slightly coloured and melted at 105°, 
but by recrystallising from water several times and decolorising with 
animal charcoal, long, needle-shaped crystals were obtained which, 
when dried at 100°, melted at 108° (corr.). The substance was only 
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slightly soluble in cold water, but freely so in alcohol, ether, 
chloroform, or benzene. The aqueous solution gave a violet coloration 
with ferric chloride and a precipitate with aqueous lead acetate solu- 
tion, It also gave a precipitate with phenylhydrazine acetate and 
slightly reduced ammoniacal silver nitrate. 

The air-dried crystals were found to contain f HgO. - ^ 

0-1606, at 100° lost 0-0138 HgO. H 20 = 9-2. 

07^002 -h I HoO requires HgO = 9 *9 per cent. 

■ " ■ ' ' ' i 

The anhydrous compound was analysed with the following results ; 

0-137 gave 0-346 GOg and 0*063 HgO. 0 - 68*87 ; H = 5-03. 
0-1694 „ 0-4016 002 „ 0-0748 HgO. 0 = 68*71 ; H = 5-2. 

07 Hg 02 requires 0 = 68 * 86 ; H 4*92 per cent. 

These properties agree exactly with those recorded for ^n-hydroxy- 
benzaldehyde, with the exception of the water of crystallisation and the 
melting point, the latter being given as 104°, whilst the purified hydro- 
lytic product melted at 108° (corr.). This small difference is probably 
due to increased purity, as when first crystallised the substance melted 
at 106 ° ' 

[Further proof of the identity of the product witli ?n-hydroxybenz- 
aldehyde was furnished by the preparation of the following derivatives : 

Th.^ phenylhydrazone^ prepared by Olemm’s method {Ber,^ 1891, 24, 
826), melted, when first obtained, at 130°, the temperature given by 
Olemm, but on recrystallisation from hot benzene, fused at 147° (corr.). 
It was more easily prepared by warming an aqueous solution of the 
aldehyde 'with phenylhydrazine dissolved in glacial acetic acid, and 
then melted at 147° (corr.). On analysis : 

0*1494 gave 17 c.c. moist nitrogen at 13° and 769 mm. N* 13*43. 

OigHigOlSrg requires 1:7= 13*20 per cent. 

It would appear, therefore, that the melting point as given by Olemm 
is too low. 

The oxime was prepared in the usual way and separated from benzene 
as an oil which slowly solidified. The crystalline mass melted at 
87 — 88°, as described by DoUfuss {B&r,, 1892, 26, 1924). On re- 
crystallising this mass from benzene, long, needle-shaped crystals were 
obtained, which, after several recrystallisations, melted at 138° (corr.), 
and were analysed with the following result : 

0*048 gave 4*4 c.c; moist nitrogen at 15° and 755 mm, IN’ = 10*63. 

O 7 H 7 O 2 II requires N = 10*2 per cent. 

[W^t]:^ tW^H^ melting point is due to increased purity of the 
product or to cha^e into a stereoisomeride was not determined. 

The which crystallised in yellowish- 
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browB needles melting sharply at 128° (corr.), as described by Tiemann 
and Ludwig (jBer., 1882^ 15, 2052), and the mrhydroxyhenzoic aac?, which 
melted at 200° (corr.), were also prepared for purposes of comparison. 

B. Identification of the Sugar, 

The crystalline mass which was obtained by the hydrolysis was 
dissolved in hot methyl alcohol and filtered. On evaporation, it gave 
a few needle‘shaped crystals, which could not be separated, and on 
further evaporation the syrup first formed solidified as before. It was 
therefore dissolved in water, digested with a little animal charcoal, 
and the filtrate slowly evaporated. The usual crystalline mass was 
obtained, and this, while still pasty, was placed on a porous plate to 
remove the mother liquor. The crystals were then powdered and 
dried in a vacuum over sulphuric acid. The sugar had no sharp 
melting point, and was dextrorotatory ; a determination of its specific 
rotation, after the solution had stood for several days, gave the 
following result : 

ax>= +2*1°; Z«ldcm*; c==4*14; [a]i,= +50*7°. 

For <i‘glucose, ai> +52*7°. 

In the following qualitative reactions, the- sugar behaved exactly 
like glucose ; (i) it reduced Fehling’s solution ; (ii) with sodium 
o-nitrophenylpropiolate, indigotin was obtained ; (iii) with caustic soda, 
a reddish-brown coloration was produced ; (iv) it gave the char- 
acteristic red colour with picric acid; and (v) charred only slowly 
with sulphuric acid. 

Complete proof of its identity with d-glucose was furnished by the 
examination of the osazone. This was prepared in the usual way and 
was obtained in yellow crystals which melted at 210° (corr.) with 
decomposition. This is 6° higher than the melting point recorded for 
pKenylglucosazone, but the melting points of this and of a specimen 
of phenylglucosazone, taken in the same ;bath, were found to bo 
within one degree of each other. It has been pointed out (Beythien 
and Tollens, Annalm, 1889, 256, 217) that the melting poxhts of 
osazones vary considerably, being dependent on the rate at which the 
bath is heated. The melting points just given were obte^ined by 
heating at an average rate. On analysis; 

0*064 gave 0T412 OOg and 0*0366 HgO. 0== 60*17; H«=6‘34, 
requires C » 60*33 ; H « 6*14 per cent. 

It is thus proved that salinigrin, on hydrolysis, yields quan- 
titatively glucose and m-hydroxybenzaldehyde ; its formula is there- 
fore OjgHjgOy. It can be easily distinguished from salicin by 
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affording with sulphuric acid a colourless solution, whilst salicin 
under similar conditions produces a blood-red colour. It would be 
possible to separate it from salicin by fractional crystallisation from 
alcohol, in which it is much the less soluble. 

The Wellcome Chemioal Reseaeoh Laboeatoeibs. 


lSKl.—Brominatiori of Benzeneazoj^hmoL 

By J, T. Hewitt and W. G. Aeton. 

Recently, one of the authors of this communication (Trans., 1900, 7*7, 
99) showed that when benzeneazophenol was nitrated with dilute nitric 
acid at a temperature of 40 — 45% the dilution of the nitric acid being 
sufficient to preclude the formation of a salt from the acid and' the 
azophenol in its tautomeric condition of quinonephenylhydrazone, one 
nitro-group entered into the ortho-position relatively to the hydroxyl 
group of the phenol nucleus, the substance behaving chemically as a 
true hydroxyl derivative of azobenzene. Such a reaction was hardly 
in accordance with Hantzsch's view that benzeneazophenol was a 
phenylhydrazone of quinone when in the free condition, and it was 
thought that the results so obtained formed at least as valid an 
argument for the phenolic formula as the contrary argument of 
Hantzsch, which, to a certain extent, was based on an incorrect deter- 
mination of the dissociation constant for phenol (Hantzsch, 1899, 
32, 3069, 3082 ; Farmer and Hantzsch, Rer., 1899, 32, 3089. Com- 
pare Walker, Trans., 1900, 77, 18 ; Zeit, ^physiJcal, Ohem., 1900, 32, 
137). 

AJmost immediately after the appearance of this work, Professor 
Armstrong made a communication to the Society (Proc., 1899, 15, 
243) in which he stated that although j^-hydroxyazobenzene might be 
expected to be readily brominated in the ortho-position relatively to 
the hydroxyl group, it yields a product convertible into p-bromo- 
aniline and phenol,, and capable of being prepared from these sub- 
stances, a result showing that towards bromine the substance 
brominated behaves as a hydrazone. Experiments on the bromination 
of benzeneazophenol had been undertaken in this laboratory last 
summer, but on account of the relative difficulty of regulating the 
reaction, were put aside until the nitration with dilute nitric acid had 
been studied and were resumed at once on the appearance of Prof. 
Aamistrong^s commxudca 

* I xeceived ff oni Prdf. Meldola and Prof. Auwers soon after the publica- 

tion of Prof. AlMtron^e note* Prol Meldola told me that he had some few years 
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We found that when henzeneazophenol was dissolved in acetic acid, 
and sodium acetate added to prevent any liberation of hydrogen 
bromide— which as a strong mineral acid forms a salt of quinone 
phenylhydrazone — ^the first product of bromination was benzeneazo- 
o*dibromophenol, and not a monobromo -derivative. The reaction 
is, in fact, the complete analogue of that between potassium 
phenol -jo-sulphonate and bromine ; in the latter case, Senhofer 
{Annalen^ 1870, 156, 103), when he used molecular proportions of 
the reacting compounds, obtained a mixture of unaltered substance 
and its dibromo-derivative. The two reactions may be represented 
by the similar equations, 

Br 

S 03 K<^^ 0 H + 2 Brj = 2HBr + S08K</ ^OH, 

’ - Br 

CgH 5 -]Sr:N*/y~^OH + 2Br5, = 2HBr + 

Br 

At the risk of giving too much, rather than too little detail, we 
describe first the reaction when molecular proportions are employed, 
and afterwards the process adopted for obtaining benzeneazodibromo- 
phenol in quantity. Five grams of henzeneazophenol and 10 grams of 
crystallised sodium acetate were dissolved in 50 grams of hot glacial 
acetic acid, the solution was then cooled down to the ordinary tem- 
perature and violently agitated in a conical flask, whilst 4 grams of 
bromine in 20 grams of glacial acetic acid were run in drop by drop. 
The addition took 10 to 15 minutes, and at the end of the operation 
the temperature was 26°. After standing a further 10 minutes, the 
contents of the flask were poured into cold water, collected, washed, 
and distilled with steam ; 0*02 gram of tribromophenol (m. p. 95°) 
separated from the aqueous distillate (abont 600 c.c.). The residue 
in the flask was collected and fractionally recrystallised from glacial 
acetic acid. The first crop of crystals was twice recrystallised fi^pm 

ago braminated benzeneazophenol in giadal acetic acid solution, adding sodium 
acetate. Under these conditions, he obtained ah oily substance which he regarded 
as benzeneazo-o-bromophenol ; he also recommended me to use sodium acetate to 
bind free hydrogen bromide, and very kindly left the rest of the work in my hands. 
I wish to tender my best tbanks to Prof. Meldola for his kindness and advice, and 
to Prof. Auwers who had also undertaken the bromination of benzeneazophenol, but 
abandoned it on the appearance of the papers by Prof. Armstrong and myself. Prof. 
Auwers considered that it was very probable that Prof. Annstrong had been bromin- 
ating a salt of quinonephenylhydrazone, as he had himself noticed that the first drop 
of bromine in a glacial acetic acid solution of benzeneazophenol produced a carmine- 
red precipitate.— -J. T. Hewitt. 
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glacial acetic acid, and when washed and dried weighed 1'55 grains ; 
it melted at 135° (corr.). On analysis : 

0*1102 gram gave 7*80 c*c. moist nitrogen at 18^ and 746 mm, 17 = 8*02. 

requires N = 7*88 per cent. 

From the united mother liquors, a second crop of crystals (0*56 gram), 
melting at about 127° (uncorr.), was obtained, and by successive 
additions of water two further crops, the first (0*59 gram) a mixture 
with a melting point of about 80°, the second (2*30 grams) consisting 
essentially of benzeheazophenol. 

The identity of the purified first crop with benzeneazodibromophenol 
was proved by adding a diazotised solution of aniline to an alkaline 
solution of 2 : 6-dibromophenol, and allowing this to stand overnight. 
On-the addition of hydrochloric acid, a tarry mass separated; steam 
was blown through to remove unaltered dibromophenol, and the tarry 
residue repeatedly recrystallised from dilute spirit. This left most of 
the tar undissolved, and by stirring the solution as it cooled, orange 
needles were deposited. After several such recrystallisations, the 
substance was found to have the same melting point as the product 
obtained by the direct bromination of benzeneazophenol, and a mixture 
of the two preparations dissolved in benzene and evaporated also 
melted at the same temperature. ' 

It may be mentioned that the yield of substance obtained in 
coupling phenyldiazonium chloride with alkaline dibromophenol ^ is 
extremely small, most of the dibromophenol being recovered un- 
changed. 

The process finally adopted in the preparation of benzeneazodibromo- 
phenol is to dissolve recrystallised benzeneazophenol (25 grams), 
together with its own weight of fused sodium acetate in 10 times its 
weight of glacial acetic acid (250 grams), then, after cooling below 
10°, to run in, drop by drop, 32 grams of bromine, dissolved in 100 
grams of glacial acefcic acid, agitating vigorously the whole time, and 
taking care that the temperature does not rise. During the addition 
of the bromine, the substance separates out as yellow crystals; to 
render the separation as complete as possible, final , cooling to 0° is 
desirable, and in this way 27 grams of the dry product having the 
correct melting point were obtained: From the mother liquors, a 
further quantity of a slightly less pure substance may be recovered, 
making the total yield nearly quantitative. A great advantage of the 
process is that the acetic acid is neither diluted nor cootaminated with 
hydrogen bromide, so that it is easily recovered by distillation. On 
recjcystallisation of the benzeneazodibromophenol from benzene, it is 
obtained in b^utiful, long, orange needle^, which melt at 136° (corr.), 
Onanalyds: 
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0*1271 gave 0*1943 00^ and 0*0253 H^O. C - 41*12 ^ 2*21. 

0*1751 „ 11*8 C.C. moist nitrogen at 10° and 760 mm. N~8*07. 

0*1989 „ 0*2109 AgBr. Br = 45*12. 

OiaHsONgBrarequiresO = 40*44;H = 2*27;N = 7*88 ;Br = 44*91 percent. 

Benzeneazo-o-dibromophenol is very soluble in acetone, and easily 
soluble in hot benzene, chloroform, ether, or ethyl acetate ; glacial 
acetic acid and methylated ” spirit dissolve it sparingly in the cold, 
whilst it is nearly insoluble in light petroleum. 

A benzene solution of benzeneazodibromophenol, although darkened 
in colour by hydrogen chloride, is not precipitated ; if, however, the 
substance is intimately ground with strong sulphuric acid, a carmine- 
red mass, evidently a sulphate, is obtained. On treating this sulphate 
with water, it becomes yellow, forming a crystalline powder which, 
after drying in the air, has the melting point 134° (uncorr.)* A 
hydrate had evidently not been produced by the treatment. 

Hot caustic soda solution readilydissolves the azophenol, and a sodium 
salt separates in fine yellow needles on cooling. After drying at 110° 
until of constant weight, the compound was analysed : 

0*2707 gave 0*0491 NagSO^. hra = 5*88. 

CigHtyOHgBrgHa requires Ha = 6*08 per cent. 

An aqueous solution of this salt gives precipitates with salts of the 
heavy metals ; it is noticeable that the barium salt is soluble in boil- 
ing water, and separates in yellow needles on cooling. This behaviour 
contrasts with that of barium benzeneazo-o-nitrophenolate which 
forms a nearly insoluble vermilion precipitate; the difference is per- 
haps due to the structure of the nitro-group. 

The acetal derivative, obtained by heating the phenol for 2 hours 
with 3 to 4 times its weight of acetic anhydride, crystallised from 
glacial acetic acid in yellow needles and melted at 143°. 

M584 gave 0*1496 AgBr. Br= 40*16, 

Cj^H^^O^HgBrg requires Br= 40*1 7 per cent. 

The substance dissolved easily in acetone or chloroform, and 
moderately easily in benzene, ether, or ethyl acetate j but only 
sparingly in the other common organic solvents. 

The hmssoyl derivative, prepared by boiling benzeneazodibromophenol 
with 3 to 5 times its weight of benzoyl chloride for 20 to 30 mnutes, 
crystallises from hot spirit in beautiful, orange leaflets melting at 
120° (corr.). The only solvents which dissolve this substance at all 
easily in the cold are acetone, benzene, ether, and ethyl acetate; it 
requires about 50 times its weight of boiling spirit, or over 200 times 
its weight of cold spirit, for solution. 

0*1310 gave 7*1 c.c. moist nitrogen at 746 mm. H = 6*14. 

CjgHjgOgHgBrg requires H = 6*11 per cent. 
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Ethyl Ether , — None of the other derivatives prepared showing any 
instability of the bromine atoms, the examination of the ethyl deriva- 
tive promised especial interest on account of Prof. Armstrong’s 
statement that benzeneazo-o-bromophenetole easily loses bromine when 
dissolved in acetone. The ethyl ether was prepared by adding a mix- 
ture of 2 grams of ethyl bromide and 3 grams of absolute alcohol to 
3 grams of the sharply dried and finely powdered sodium salt con- 
tained in a small bottle. This was tightly corked and shaken, the 
salt dissolved at oncej and almost immediately small crystals of sodium 
bromide began to make their appearance. The reaction was completed 
by heating for 45 minutes to 100° ; after cooling, the contents of the 
bottle were poured into warm dilute caustic soda, the oil which sepa- 
rated subsequently solidifying. The substance was washed repeatedly, 
and finally recrystallised from dilute spirit, silky, yellowish-orange 
needles melting at 71° (corr.) being obtained. 

0*1215 gave 7*80 c.c. moist nitrogen at 12° and 752 mm. N = 7*54. 

requires N = 7*31 per cent. 

This ethyl ether is dissolved easily by most organic solvents, espe- 
cially by acetone and ether ; it is, however, only sparingly soluble in 
light petroleum. 

From Prof. Armstrong’s statement, it might be expected that this 
substance would react with acetone j in fact, with bromine atoms on 
either side of the ethoxyl group, an even greater reactivity might be 
expected than in the case of benzeneazo- 0 “bromophenetole. After 
boiling for 1 hour with acetone and then evaporating the solvent, no 
smell of bromoacetone was detected ; the r^idue- — which crystallised 
beautifully— :W^ found to contain bromine, to melt at the ori^nal 
temperature, and when mixed with a portion of the analysed samjple, 
which had not been treiated in this manner, to be without influence on 
its melting point. The only conclusion to be drawn is that benzene- 
azodibromophjenetole is unchanged by acetone under the conditions 
mentioned. 

Although, when a substance exhibits fcautomerism, it is only natural 
to expect that both configurations will be represented in any speci- 
men, the vastly preponderating quantity of benzeneazophenol consists 
of the phenolic modification, both bromination and nitration experi- 
ments leading to the same conclusion. The results thus obtained 
tsoincide with those deduced from physical measurements by Auwers. 
Further experiments are in progress in this laboratory, the results so 
far obtain^ confirming those already published. 

London TeohnioXl CoiiLBOs. 
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'h'XXl.-^Decomposition of Chlorates, Part II, Lead 

Chlorate, 

By William H. Sodeau, B.Sc. 

Lead chlorate was prepared by adding carefully purified lead car- 
bonate in excess to chloric acid, and on the following day slowly 
heating to the boiling point before filtering. The crystals obtained by 
concentrating the filtrate gave only a verjr faint opalescence with 
silver nitrate. They dissolve in about one-third of their weight of 
water at 19°, but do not deliquesce* unless the air is practically satu- 
rated with moisture. Commercial lead chlorate was found to contain 
barium which could not be removed by fractional crystallisation. It 
was noticed that mixed crystals were deposited when a saturated 
solution of barium chlorate was added to one of lead chlorate. 

The crystallised lead chlorate was heated at about 140° under 
reduced pressure until apparently dehydrated, the mass was then 
finely powdered and heated at 130 — 140° under 3 mm. pressure for 
50 minutes. The white, anhydrous product was neutral to methyl- 
orange I the minute trace of chloride had not increased. 

Examination of the Froduets of Decomposition. 

A standard solution was prepared by dissolving barium peroxide in 
excess of nitric acid and diluting until it exactly neutralised an equal 
volume of decinormal alkali ; this solution kept fairly well in the dark 
and readily dissolved lead peroxide. The amount of oxide left, and con- 
sequently the amount of chlorine evolved, was ascertained by dissolving 
the residue in a known volume of this solution and titrating back 
with A 7 10 soda ; methyl-orange woi’ked well in the absence of un- 
altered chlorate, but the turbidity produced by a very slight excess of 
soda afforded an end reaction, which was preferred. The lead chloride 
was determined in the same portion by adding nitric acid and titrating 
with iVyiO silver nitrate. The numerical results (including the weight 
of chlorate actually decomposed) given in this paper were calculated 
from analyses, but when practicable the gas was passed through potass^ 
ium iodide solution; the latter did not become alkaUne, and the 
amount of liberated iodine agreed with that of the oxide found in the 
residue, hence the gas must have been practically free from ozone and 
from oxides of chlorine. 

* Wachter {J. pr. OMm., 1843, 80, 329) states that Pb(C 103 ) 2 ,H 20 is not de- 
liquescent, but this has been misquoted in more than one treatise. 

VOL. LXXVII. 3 B 
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In residues free from undecomposed chlorate, but not overheated, the 
amount of oxygen, found by difference, was practically that required 
to form peroxide ; portions washed free from chloride were but little 
affected by boiling dilute nitric acid. A small quantity of lower oxide 
is apt to be formed by local overheating, owing to rapid decomposition. 

The loss of weight during incomplete decomposition agreed fairly 
well with that calculated by subtracting the weights of peroxide and 
chloride, as found by titration, from the equivalent amount of lead 
chlorate ; formation of perchlorate would have led to a smaller loss of 
weight, and so must have been very slight, as might be expected from 
the weakness of the base. Some residues free from chlorate were 
mixed together and portions reheated in oxygen until the 524 per 
cent, of peroxide had entirely decomposed, leaving a cream coloured 
mass ; only minute traces of chlorine were evolved (requiring, for 
example, 0*2 c.c, A/lOO thiosulphate per gram) and the redetermination 
of oxide indicated no increase, although the temperature had reached 
460°. Other portions were heated in chlorine; 18*4 per cent, of the 
peroxide present was converted into chloride in 10 minutes at about 
200°, but at about 240° the action was even more marked, 30*9 per 
cent, being converted in the same period. These are approximately 
the average temperatures employed in the decompositions under 
760 mm. and 4 mm. pressure respectively, hence much of the chlorine 
evolved must be reabsorbed unless special precautions are taken. 

It is thus seen that lead chlorate decomposes into lead chloride, 
oxygen, lead peroxide, and chlorine, the last two being the only 
products tending to react with each other under the conditions of a 
slow decomposition of the chlorate. 

Slow Decomposition, 

For studying slow decomposition under various pressures, the sub- 
stance was placed in a soft glass tube closed at one end, 12 — 18 
mm. bore, and about 20 cm. in length. By means of an india- 
rubber stopper, the tube was connected to a T-piece, one limb of 
which communicated with a vacuum gauge filled with strong sulphuric 
acid, the pressure under which the decomposition actually took place 
being shown on a scale in terms of mm. of mercury, whilst the other 
limb led to the absorption tubes containing either aqueous potassium 
iodide (for pressures greater than 16 mm.), or else undried granular 
soda-liine followed by glass beads covered with a solution of potassium 
iodide in glycerol as a test for unabsorbed chlorine. The last absprp- 
iaon ^be was connected to a delivery tube, either directly or through 
a ill order that the progress of the decomposition might 

be volume of the oxygen evolved. Some anhy- 
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drous lead chlorate (usually 1 gram) having been weighed into the tube, 
the lower end was covered with soot, and placed in a bath of fusible 
metal provided with a thermometer (readings corrected for exposed 
column). Before decomposition commenced, any trace of absorbed mois- 
ture was removed by heating under reduced pressure at about 160° for 
some time, dry air being admitted through a side branch, and then 
pumped out. A.t the conclusion of the experiment, the gaseous con- 
tents of the tube were removed by repeated exhaustion and admission 
of air, and the residue then weighed and analysed as already described. 
The substance did' not fuse unless the decomposition chanced to become 
rapid j the tubes were not corroded, and remained fairly constant in 
weight. The experiments have been numbered in the order in which 
they were performed, and to facilitate comparisons, the chlorine has 
always been stated per 100 parts contained in the weight of chlorate^ 
actually decomposed. It will be seen from Table I that the propor- 
tion of chlorine remaining free varied greatly with the conditions. 
Six decompositions, namely, those numbered 70b and 70a; 71b and 
71a; 73b and 73a, were performed in pairs as indicated, two tubes 
being placed together in the bath, the first of the pair being under 
atmospheric pressure, and the other under 20 — 25 mm.; in experi- 
ments 70b, 71b, and 73b, the gas in the tube remained in contact with 
the residue until the companion decomposition was complete ; this 
permitted further reabsorption (p. 718), and these decompositions gave 
less chlorine (46*3 per cent.) than did experiment 77 (53*3 per cent.). 
The reabsorption was most marked towards the end of the decomposi- 
tion, for the temperature had then been increased, and much peroxide 
was present ; incomplete decomposition gave more free chlorine, 
amounting to 60*6 per cent, in experiment 92. 

Eeduction of pressure greatly decreased the reabsorption, especially 
when decomposition was not completed ; the most successful experi- 
ments gave : At 4 mm., 79*1 percent, of chlorine free and 20 '9 per 
cent, as chloride; at 1 to 2 mm., 81*4 per cent, free and 18*6 per cent, 
as chloride. At pressures below 4 mm., some chlorine xeached the 
pump, perhaps owing to the removal of moisture from the soda-lime. 

Lead chlorate was intimately ground up with half a molecular pro- 
portion of lead chloride ; the absorbed moisture caused the mixture 
to cake when re-dried before partially decomposing in the manner 
just described. Deducting the added chloride, the residue at 4 mm, 
Bontained 20*9 per cent, of the possible chloride, whilst at atmospheric 
pressure the percentage was 43*6 ; these are about the usual propor- 
tions, hence little or no chlorine was expelled from the chloride during 
the decomposition. Addition of chloride does not appear to influence 
the ease of decomposition. 

As in the case of barium chlorate (Trans., 1900, 77, 139), the use 

3 D 2 
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of a bath, of constant temperature was impracticable ; the range was 
about 190 — 210^ at atmospheric pressure, but a temperature of 
225 — 260° was required for the, some what slower decompositions under 
4 mm., although 225° soon caused violent decomposition under atmo- 
spheric pressure. In some experiments, a second thermometer was 
placed inside the decomposition tube, so that its bulb was completely 
surrounded by chlorate ] the temperatures thus indicated during de- 
composition at atmospheric pressure were slightly above those of the 
bath, and about 30° lower than those at 4 mm. ; toward the end of the 
decompositions, the difference was even greater. It is thus seen that the 
temperature of the substance must be increased in order to compensate 
for the impeding effect of reduction of pressure. 

To prevent the reabsorption of chlorine, it is necessary to decrease 
the concentration without increasing the temperature ; this was accom- 
plished by employing a stream of dry nitrogen at atmospheric pressure, 
frequent titrations of the liberated iodine affording guidance in heating 
the bath. 

In the first series (Nos. 120 — 134, Table II.), the nitrogen was 
passed through the chlorate by means of a narrow tube reaching 
nearly to the bottom of one of the decomposition tubes previously em- 
ployed, to which a side tube had been added as an exit for the gases. 
In this series, the smallest proportion of chloride was 14 '5 per cent, 
(hence free chlorine = 85*5 per cent.), using 1*8 litres of nitrogen for 
1, gram of chlorate; a larger current blew a large channel through the 
mass, and the cooling effect on the surface necessitated overheating 
of the exterior portions. The simultaneous employment of reduced 
pressure failed from similar causes. 

In the second series (Nos. 1 37 — 140), there was less surface cooling ; 
two U -tubes, each of 7 mm, bore and containing 0*5 gram of chlorate, 
were placed side by side, deep in the bath, and connected in series so 
that the chlorine evolved from one portion was carried over the other. 
It will be seen from Table II that the residues in the two tubes 
approached each other in composition as the current of nitrogen was 
increased; thus, with 0*9, 1*2, 4 and 5 litres, the differences were 
5-9, 6*5, 0*3 and 0*1 per cent. i*espectively. With the larger volumes 
of nitrogen, the chlorine from the first tube can have had practically 
no effect upon the contents of the second, hence it seems fair to 
conclude that the reahsorption of chlorine had been all but eliminated, 
and that about 12*5 per cent, of the possible chloride is formed directly 
in the decomposition, about 87*6 per cent, of the total chlorine being 
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. limpid Decomposition* 

An attempt has been made to ascertain the amount of chlorine at 
first liberated when lead chlorate is rapidly heated, the mass then 
becoming incandescent in places and much of the peroxide being 
decomposed by the heat, which, of course, promotes reabsorption of 
chlorine. The rapid decompositions were conducted in much the same 
way as the first of the slow decompositions already described. In 
experiments 74 and 75 (Table I), the greater part of the substance 
decomposed in about three seconds on the bath reaching a temperature 
of about 225% but the heating was continued until the last traces had 
been decomposed; in experiment 76, the residue was heated until 
converted into oxychloride. The amounts of chlorine remaining free 
were respectively 45*5, 47-3, and 32*9 per cent, of the total in the 
chlorate ; the last result confirmed Wachter^s statement {J. pr, 
GTiem*, 1843, 30, 329) that the oxychloride has the composition 
PbO,2PbCl2. 

In the subsequent experiments, the bath was rapidly' heated and the 
decomposition semi-explosive, most of the gas being evolved in about 
one second. Experiments 95 and 96 (Table I) commenced at atmo- 
spheric pressure, and the free chlorine amounted to only 38*1 and 39*0 
per cent, in these, although the gas was removed as soon as possible 
after the rush had taken place. The thermometer bulb had acquired 
a temperature of about 235° at the moment of decomposition. With 
semi-explosive decomposition under reduced pressure, the apparatus 
was several times modified in order to avoid a marked rise of pressure ; 
the following arrangement was finally employed. The upper end of 
the decomposition tube, 18 mm. in diameter, was sheathed with india- 
rubber tubing and inserted in the neck of an inverted ** Winchester 
quart ” bottle, constriction being thus avoided ; a short side branch was 
connected to a double T-piece leading to the manometer, a Fieuss 
pump, and a stoneware bottle of 20 litres capacity. The whole was 
exhausted to 6 mna., and, immediately the rush of gas had taken place, 
the bath was removed and dry air admitted through an inlet near the 
bottom of the decomposition tube in order to remove chlorine. Each 
improvement gave a lower maximum pressure and a larger proportion 
of free chlorine ; in the last experiment, the maximum pressure in the 
tvhe could not have greatly exceeded the 16 mm. recorded ; 58*7 per 
cent, of the chlorine remained free, but there was no real indication 
of a limit. The thermometer reading was about 270° at the moment 
of decomposition. 

A current of nitrogen did not prove useful in the case of these 
rapid decompositions. 
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Table T . — Lead chlorate decomposed under various 


pressures. 


No. 

Duration. 

Proportion 
decomposed 
(per cent.). 

Pressure. 

Chlorine (total 
in decomposed 
portion =100). 

Mols. 

chloride, 

Mols. 

oxide. 


Free. 

As 

chloride. 

74 

About 8 sec. 

Nearly 100 

1 atmosphere 

45*5 

54*5 

r'2i 

75 

j> >» 

fi i* 

99 

47*3 

52*7 

1*11 

76 

»» >> 

>J » J 

99 

32-9* 

67-1 

2*10 

95 

About 1 sec. 

J j it 


38*1 

61*9 

1-62 

96 

}] »} 



39*0 

61*0 

1*56 

100 

}j 


6 — >200 mm. 

46*8 

53*2 

1*13 

101 

>) )i 


)9 i» 

48*4 

51*6 

1*06 

102 

i> j> 


6-170 „ 

54*5 

45*5 

0-837 

103 

i* a 

>9 >> 

99 >9 

54*4 

45*6 

0*838 

106 


7i >> 

6-20 „ 

58*6 

41*4 

0-707 

107 

n j > 

tf }> 

99 99 

58*4 

41*6 

0*712 

118 

>> >1 


99 99 

68*0 

42*0 

0*723 

119 

}> >> 


6-16 „ 

58-7 

41*3 

0*703 

70b 

35 min. 

1 

100 

1 atmosphere 

47 -St 

52*6 

1*10 

71b 

25 „ 

tt 

99 

46 -Of 

54*0 

1*18 

73b 

40 „ 

99 

99 

45 'St 

54*7 

1*21 

77 

66 „ 

99 

99 

53*3 

46*7 

0*88 

86 

15 „ 

28*1 

99 

59*4$ 

40*6 

0*684 

92 

2? „ 

61'6 

}) 

60*6 

89*4 

0*650 

70a 

90 „ 

100 

20 — 25 mm. 

75*1 

24*9 

HM9 

71a 

80 „ 

99 

99 99 

76-3 

23*7 

0*311 

73a 

no „ 

99 

99 99 

74*6 

25*4 

0-342 

86 

30 „ 

62-5 

6 mm. 

77*6 

22*4 

0*290 

87 

25 „ 

68-8 

4 „ 

79*1 

20*9 

0*265 

88 

25 „ 

68*8 

99 9 9 

78*8 

21-2 

0*269 

89 

23 „ 

65*4 

99 >9 

76*8 

23*2 

0*301 

81 

no „ 

86-4 

1^ — 2 mm. 

81*4 

18*6 

0*238 


* Heating continued until all peroxide had decomposed, 
t Gas remained in contact with, residue for some time, 
t 3 grams decomposed in narrow tube. 

The average range of the temperature of the bath was about 190 — 210* in the 
slow decompositions at atmospheric pressure, and 225 — 260“ in those at 4 mm. 
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Table II. — Lead chlorate decomposed in a stream of nitrogen. 






Chlorine (total in 


No. 

Duration. 

(minutes). 

Proportion 

Litres 

of 

nitrogen. 

decomposed 
portion =100). 

Mols. 

chloride. 

decomposed. 



Mols. 

oxide. 


(per cent.). 


As 

chloride. 




(N.T.P.) 

Free. 


120 

1 

22 

69*0 

1*1 

84*3 

15-7 

0*187 

121 

12 

78-7 

1*8 

85*5 

14*5 

0-167 

124 

20 

73-0 

6*4 

76*4 

25-6 

0-844 

125 

40 

81 *8 1 

5*9 

77-9 

22*1 

0*284 

126 

20 

about 80 j 

1*1 

79-8 

20*2 

0*254 

131 

15 

65*5 

0*5 

75*7 

24*3 

0*321 

132 

13 

40*6 

0*6 

78-4 

21-6 

0*276 

133 

17 

36*2 

0*6 * 

79-9 

20*1 

0*252 

134 

40 

89*8 

1 1*0* 

80*6 

19 ‘6 

0*243 

127 

25 

88*2 ' 

0-8* 

84*8 

15*2, 

0*180 

137 

50 

/a 73*9\ 

0*9 

J 

f84-3 

15*7 

0*187 

\b 94*1 / 

1 

[78-4 

21*6 

0*276 

138 

50 

/a 61 *21 
lb 73*0/ 

1*2 


r87-i 

[si-e 

12*9 

18*1 

0*148 

0*225 

139 

85 

/a 44*2\ 

5*0 

. I 

r86-7 

13*3 

0*154 

\b 86*5/ 

i 

[86-6 

13*4 

0*165 

140 

76 

/a 68 *4 \ 

4*0 

j 

r87-6 

12*5 

0*143 

lb 75*8/ 

1 

[87-2 

12*8 

0*147 


* For 0‘5 gram of chlorate. 


In experiments 137 — 140, a=first U-tube, b=second U-tube ; each contained 
0*5 gram chlorate. 


Conclusions. 

Slow Decomposition. — The mode of discussion adopted in tke case of 
barium chlorate (Trans., 1900, T7, 14?) is applicable to the results 
given in the present paper, and the latter appear to furnish an ex- 
perimental confirmation of some of the reasoning employed in Part I, 
{}oc. cit). Lead chloride does not lose chlorine during the decom- 
position of lead chlorate mixed with it, or even when heated at 450^ 
with lead peroxide in a stream, of oxygen. These results show that 
chlorine and oxide must be direct products of decomposition and are 
not derived from lead chloride as supposed by H. Schulze {J. pr. Gkem.y 
1880, [ii], 21, 424). Decomposition under reduced pressure requires 
the employment of a higher temperature and is hence not quite satis- 
factory as a means of eliminating the secondary reaction between 
chlorine and lead peroxide, as this is greatly accelerated by rise of 
temperature; thus, 81*4 per cent, of the total chlorine remained free 
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under 2 mm., as compared with 45*3 to 60'6 per cent, under atmo- 
spheric pressure, but the employment of a stream of dry nitrogen gave 
results indicating 87*5 per cent, as the limit when reabsorption of 
chlorine is completely eliminated. About 12*5 per cent, of the total 
possible chloride must therefore be formed directly ; this excludes 
Spring and Prost’s theory that the whole of the chloride is formed by 
the action of chlorine on the oxide {BnjUl, Soc. Chim.y 1889, [iii], 1, 
340). 

The numerical results for the first action of heat might be expressed 
by the equation : 8 Pb( 0103)2 ~ TPbO^ -f PbClg + 4 OI 2 + ITOg, but unless 
an equation is employed including the terms BaO + 1500BaOl2 to 
express the decomposition of barium chlorate (loo. cit.) it seems better 
to regard the decomposition as consisting of two independent reactions, 
namely, Pb(CiOg )2 - PbClg + SOg and Pb(C 103)2 = PbOg + CI 2 + 2 O 2 , the 
latter proceeding at about seven times the rate of the former. In the 
case of this chlorate, there is a marked secondary reaction, PbOg + 
Clg = PbCl 2 + Og, occurring to an extent depending upon the conditions 
and sometimes involving most of the chlorine first liberated 5 Spring 
and Frost (he. cz^.), working with large quantities, obtained only 8 
per cent, of the total chlorine instead of 87*5 per cent. 

It is difficult to decide whether the peroxide is formed directly or by 
oxidation of the monoxide, but it seems probable that its occurrence 
may be intimately connected with the*practical absence of perchlorate, 
as the tendency to form perchlorate would appear to be the cause of 
the reducing properties of heated potassium chlorate (Fowler and 
Grant, Trans., 1 89.0, 57, 282). 

Rapid Decomposition . — If the substance is made to decompose in 
about one second, the high temperature, resulting from the reaction, 
causes the formation of oxychloride and prevents the successful 
elimination of the reabsorptipn of chlorine. At atmospheric pressure, 
38 '5 per cent.^ of the total chlorine was obtained and this was increased 
step by step to 58*5 per cent, at 6 — 20 mm. without any indication 
of finality. The increase seems comparable with that similarly obtained 
in complete slow decomposition (53 per cent, at atmospheric pressure, 
and 75 per cent, at 20 — 25 mm.), so the results would not seem to 
prove that less chlorine was evolved during rapid decomposition. It 
seems probable that the decrease in the amount remaining free is due 
to the high temperature causing very active reabsorption rather than 
Ah alteration in the proportion first evolved. If the decomposition 
into peroxide, chlorine, and oxygen were endothermic, an increase of 
’ chlmdhe With rise of temperature would be expected, but the thermo* 
chemical asp^t cannot well be discussed until the heat of formation 

* Fuhh^ whw the gas was not removed immediately (see expt. 76, 

Tahl&l). 



TAYLOE: ACTION OF IODINE ON ALKALIS. 


725 


of lead chlorate has been determined, as the difference between chloride 
and peroxide is neither large enough nor small enough to warrant a 
conjecture. 

It may be noted that this decrease in the proportion of chlorine 
remaining free appears to invalidate the mode of reasoning adopted 
by Spring and Prost {toe. cit,) in deducing their theory partly from 
the increase observed in the case of certain chlorates, but supports the 
author's criticism of their reasoning (Trans., 1900, 77, 147). Barium 
chlorate showed no reabsorption, but there was a marked increase of free 
chlorine with rapid decomposition, whilst lead chlorate showed marked 
reabsorption but no increase 3 in these cases, the supposed cause and 
effect do not occur together. 

It seems probable that the conclusions deduced in the case of slow 
decomposition (p. 724) will apply to rapid decomposition with but 
little modification, the main difference being that in the latter case 
the high temperature decomposes some of the peroxide (giving oxy- 
chloride) and causes the reabsorption of chlorine to be more marked. 

The author desires to record his thanks for the advantages afforded 
him at the Davy-Paraday Research Laboratory whilst carrying out 
the earlier portions of this work, which has been continued at the 
Royal Agricultural College, Cirencester. 


LXIIL — Action of Iodine on Alkalis, 

By Robert Llewellyn Taylor. 

In a paper recently published on this subject by E. Pochard {Oompt, 
rend,, 1899, 128, 1453), the conclusions arrived at are so remarkably 
at variance with the results of other experimenters that it seemed to me 
desirable to make some attempt to clear up this much disputed point. 
In a former paper on hypoiodous acid and hypoiodites {Memoh^s of LU, 
PhU, Society, Momchest&r, 9 41, 8 , and Chem, News, 1897, 76, 
17, 27), an account was given pf experiments which I had made, con- 
firming and extending Schonbein's original observations on this sub- 
ject. In those experiments, I used an aqueous solution of iodine, and 
various alkalis. In order to ascertain the amount of hypoiodite pro- 
duced, I employed a method first described by Sch wicker {Zeit, physihal, 
1895, 16, 303), wherein advantage is taken of the fact that 
a mixture of hypoiodite and iodide is completely decomposed by car- 
bonic acid, or even by an acid carbonate, with liberation of iodine, 
whereas a mixture of iodide and iodate is not so decomposed. I 
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showed that when an alkali is added to aqueous iodine, and a little 
ordinary soda-water, or potassium or sodium hydrogen carbonate 
immediately added, from 95 to 97 per cent, of the iodine originally 
used is liberated, showing that practically the whole of the iodine had 
undergone the reaction represented by the equation : 

2KOH + = KI + KOI + 

The hypoiodite in these dilute solutions decomposed, slowly at the or- 
dinary temperature, but rapidly on heating, into iodate and iodide : 

3KOI = 2KI + KlOg. 

As originally pointed out by Lenssen and Lowenthal, the reaction 
between iodine and alkalis is a balanced one, and may be represented 
thus : 

2KOH + I 2 ^ KI 4- KOI 4 HgO. 

Consequently, the amount of alkali required to complete the reaction 
is considerably more than the theoretical. 

Pdchard {hoc, cit.) describes how he attempted to ascertain the 
amounts of free iodine, iodide, iodate, and hypoiodite in solutions pro- 
duced by adding iodine to alkalis, employing an elaborate series of 
determinations of total iodine, iodine as hypoiodite, and iodine as 
iodate. The whole series of operations must have taken a consider- 
able time (and with such unstable solutions this is of great import- 
ance), and it is therefore not surprising that Pechard's results were 
not very definite. One of his results appears to have been that the 
amount of hypoiodite formed is proportional to the amount of alkali 
used, and another that the ioda^ formed amounts to 92 per cent, of 
the iodine used when a certain amount of alkali was employed. These 
remarkable conclusions led me to make the further experiments which 
are now described. 

In the earlier investigation, I confined myself to an aqueous 
solution of iodine, but, as Pecbard's experiments were made with 
iodine dissolved in an iodide, I decided to use similar solutions. I 
satisfied myself once more that Schwicker's method of estimating the 
amount of a hypoiodite is perfectly trustworthy — that is, carbonic 
acid or an acid carbonate has no action on a mixture of iodide and iodate. 
All that is needed, therefore, to estimate the amount of hypoiodite in 
a solution, if , as is practically always the case, there is also an iodide 
present, is to add a considerable exdess of sodium hydrogen carbonate 
and a little soda-water, and then to estimate the liberated iodine by 
means of a standard solution of arsenious acid. 

The ^lution of iodine generally used was of decinormal strength — 
about sixjjy time? as strpn as the aqueous solution I had formerly 
employed—^ solvent being always potassium iodide. Solutions were 
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tried containing from about 1 J to 6 mols. of potassium iodide to one 
equivalent of iodine, with the object of ascertaining what effect, if 
any, the presence of potassium iodide would have on the reaction. 

When an alkali is added gradually to a strong solution of iodine 
in potassium iodide, tha brown colour disappears rapidly at first, but 
presently the liquid becomes pale yellow, and the further addition of 
alkali produces very little alteration. The pale yellow colour is, of 
course, due to free iodine. The reaction being a balanced one, it is 
plain that a large excess of alkali would be required in order to absorb 
all the iodine. Naturally, also, the amount of alkali required would 
be greater the more potassium iodide there was present in the solution, 
and this, indeed, was the only effect which differences in the amount 
of potassium iodide caused ; in every other respect, the different solu- 
tions of iodine which were used behaved practically alike. I 
ascertained that when the pale yellow coloration is reached the amount 
of free iodine present is certainly not more than 1 to 1*5 per cent, of 
the total amount, and consequently the reaction, whatever it is, has 
proceeded with 98— -99 per cent, of the original iodine. I decided, 
therefore, that it would be better to ignore altogether the small 
amount of free iodine, rather than to add the large excess of alkali 
which would be necessary to entirely remove it ; accordingly only that 
amount of alkali required to produce — as far as could be judged, by the 
eye — always the same pale yellow colour was employed, I invariably 
noticed that, after a few minutes, the coloui* became paler and paler, 
the amount of free iodine evidently gradually diminishing ; this will 
be readily understood from the description of the results. 

In all the experiments, the method was to rapidly pour into 10 c.c. 
or more of the decinormal iodine solution the requisite amount of 
potash* to produce the pale yellow colour. Then, either immediately 
or after any desired interval, the liquid was stirred up with excess of 
solid sodium hydrogen carbonate, and a little soda-water was run in 
from a syphon.” The effect of this is always to liberate an amount of 
iodine depending entirely on the amount of hypoiodite present, the 
iodine liberated being twice the amount which existed as hypoiodite* 
The liberated iodine was estimated by means of a decinormal solution 
of arsenious acid. 

In one set of six experiments, the requisite amount of potash was 
added, as rapidly as possible, to the iodine solutions containing 
different amounts of potassium iodide, and then, as quickly as it could 
be done, a large excess of sodium hydrogen carbonate was added, and 

* The amount of potash required had been ascertained by previous experiments ; 
it varied from 1*75 to 8*5 equivalents of potash to one of iodine, according to the 
amount of potassium iodide in the solution. The potash was used in the form of a 
semi-normal solution. 
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the liberated iodine determined. It varied, in the six experiments, 
from a minimum of 88 per cent, to a maximum of 91 per cent, of the 
original amount of iodine used. 

In another similar set of six experiments, but using twice as much 
alkali in each case, the liberated iodine varied from a minimum of 
90 per cent, to a maximum of 94 per cent, of the original amount. 

It is] plain that, in these experiments, over 90 per cent, of the 
iodine acted on potash as represented in the first equation (p. 726), 

In another set of six experiments, using again twice the necessary 
amount of alkali, the mixture was allowed to stand for half a minute 
before adding the sodium hydrogen carbonate ; in this case, the 
liberated iodine was only 69 to 73 per cent, of the original amount, 
With less potash, but again allowing to stand for half a minute, the 
iodine liberated varied from 45 to 53 per cent, of the original amount. 
When the mixture of iodine and alkali was allowed to stand for 
two minutes before adding the sodium hydrogen carbonate, the iodine 
liberated was only from 17 to 20 per cent, of the original amount. 

It is plain that, in these strong solutions, the rate of decomposition 
of the hypoiodite is excessively rapid, and, as it is impossible to per- 
form the experiment so rapidly as not to allow a slight interval between 
the first mixing of the iodine and alkali and the subsequent addition of 
the sodium hydrogen carbonate, it is reasonable to conclude that, in 
the cases mentioned above where 90 — 94 per cent, of the iodine was 
liberated, decomposition of hypoiodite had already taken place. 
I think we are justified in concluding, therefore, that in strong as 
well as in dilute solutions, iodine and pcTtash react normally, producing, 
in the first instance, nothing but hypoiodite and iodide, the only 
difference between a strong and a dilute solution of iodine, when an 
alkali is added, being in the stability of the product. 

That the stability of a hypoiodite is greater when the solution is 
dilute was further proved by diluting the various iodine solutions 
before adding the alkali, when it was invariably found that the rate 
of decomposition of the hypoiodite diminished with the degree of 
dilution. If a centinormal solution of iodine is used, and the requisite 
amount of alkali added, as much as 44 per cent, of the possible 
amount of hypoiodite remains at the end of 5 minutes. 

The above experiments were performed when the temperature of 
the laboratory was about 15 — 18°. It is hardly necessary to state 
that in all cases a hypoiodite decomposes almost instantaneously when 
boiled. The fact that the stability of a hypoiodite is increased by a 
large excess of alkali has been previously pointed out by several 
observers. 

The rapid 4«^mposition of hypoiodites in strong solutions explains 
the gradual diminution of the free iodine which I have already men- 
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tioned as taking place when not too much alkali is used in the first 
instance. The action of alkali op iodine being a balanced one, the 
amount of free iodine is influenced by the amount of hypoiodite present, 
and, as this amount rapidly diminishes, the hitherto free iodine acts 
in its turn on the alkali. 

In my former paper, I referred at some length to a paper by Lunge 
and Schoch 1882, 15, 1883) on calcium hypoiodite, and ex- 

pressed myself as doubtful whether they had actually obtained a hypo- 
iodite by their method. These further experiments convince me that 
Lunge and Schoch^s solutions did not contain more than a trace of 
hypoiodite. It is sufilcient to mention that they prepared their solu- 
tions by rubbing together for some time solid iodine with a large 
excess of lime and very little water, allowed the product to stand for 
some hours, and then diluted with water. From what I have shown 
above as to the stability of hypoiodites in strong solutions, a method 
such as they described could not be successful. 

It is plain also that the results of Pochard’s attempts to find the 
relative amounts of hypoiodite and iodate in his solutions can be of 
very little value, seeing that his methods of determining them occu- 
pied a considerable time, and my experiments show that the amounts 
of hypoiodite and iodate would vary within a few' seconds. 

Central School, 

Manchester. 


LXIV . — Alkylation by means of Dry Silver Oxide and 
Alkyl Halides. 

By George Deuce Lander, D.Sc. 

Dry silver oxide and alkyl iodides have been employed as an alkylat- 
ing agent, by Purdie and Pitkeathly, in the preparation of alkyloxy- 
and dialkyloxy-succinic esters from malic and tartaric esters (Trans., 
1899, 76, 157), by Purdie and Irvine in the preparation of a-alkyloxy- 
propionic esters from lactic esters (Trans., 1899, 75, 485), and by 
McKenzie in the preparation of alkyloxyphenylacetic esters from 
mandelic esters (Trans,, 1899, 76,^ 754). 

Apparently, the only prior applications of dry silver oxide as a syn- 
thetical agent are its use by Wurtz in the formation of ethyl ether 
from ethyl iodide {Arm.Ghim, Phys., 1856, [iii], 46, 222), and its applica- 
tions in a similar sense by Erlenmeyer {Annahnt 1863, 126, 306), and 
Linnemann {Annalmj 1872, 161, 37). 

The object of the present investigation was to ascertain to Vf hsit^ 
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extent the use of dry silver oxide and alkyl halides is applicable to 
the production of alkyloxy-derivatives directly from hydroxy-com- 
pounds, and in general to the production of alkyl derivatives of 
compounds, of more or less well defined acid character, possessing 
hydrogen atoms replaceable by alkyl radicles. 

The various methods of preparing alkyl derivatives of compounds 
falling within the assigned limits may be brought under two 
general headings ; 

1. The action on a hydroxy -compound of an alcohol, either alone, 
or in the presence of sulphuric or hydrochloric acid. 

2. The action of alkyl halides on metallic derivatives, which, for 
the purposes of the synthesis, may or may not require to be iso- 
lated in the pure state. 

To the first general method belong : 

The formation of hydrolysable esters from acids by the action of 
alcohol, with or without the use of a mineral acid. 

The formation of fatty ethers from alcohols by the action of alkyl 
hydrogen sulphates, or alkyl benzenesulphonates. 

The formation of ethers of hydroxy-compounds R*OH, in which 
R is not an aliphatic residue. As instances, may be quoted the pre- 
paration of benzoin ethers from benzoin, alcohol, and sulphuric acid 
(Fischer, 1893, 26, 2412), and the production of glucosides 
(Fischer, Ber,^ 1893, 26, 2401). The method does not appear to be 
applicable to the formation of alkyl derivatives of the simpler types 
of hydroxy-esters. 

The mechanism of the reaction is doubtless the same in all cases, 
depending upon the formation of esters of the mineral acid containing 
the alkyl radicle introduced (conceivably also of, the complex radicle 
itself). The general equation would be ROH -f R'X = ROR' -f* HX. 

To the second general method belong : 

The formation of hydrolysable esters of acids by the action of alkyl 
halides on the sodium or, more usually, silver salts. To the same 
special case should also be referred the alkylation, through the inter- 
mediary of metallic derivatives, of such less distinctly acidic 
compounds as phenols, amides, imides, lactams, and lactims. 

The formation of alkyl derivatives of compounds containing hydrogen 
atoms (labile or not) replaceable by alkyl groups by the action of 
alkyl iodides and sodium alkyloxides, represented most simply by 
ethyl acetoacetate and malonate, benzyl cyanide, and deoxybenzoin. 

The formation of alkyl ethers from sodium alkyloxides and alkyl 
iodides. The cases of the formation of esters of alkyloxy-acids from 
halogen-substituted esters by the action of alkyloxides, for example, 
alkylpxypropionates (Schreiner, 1879, 197, 12), and of alkyl- 

oxypropionates from sodiolactates by the action of alkyl iodides 
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(WislicenuB, ArnwHm^ 1863, 125, 53), may be considered as also 
illustrating this special case. The general equation for the method 
would be : 

ROM + RT = ROR' + MI, or, ROHM + R'l = ROHR' + MI. 

It need scarcely be indicated that the above is not a hard and 
fast classification, as methods in particular instances may, and do, 
overlap. It is laid down as presenting a scheme, according to 
which the study of the action of silver oxide and halides has 
been directed. 

L Action of Dry Oxide and Ethyl Iodide on l-MenthoL 

The case of menthol is interesting as affording a means of testing 
the applicability of dry silver oxide and alkyl halides to the etherifi- 
cation of a secondary alcohol, and further, as affording a possible 
method for the preparation of optically active menthyl ethers. 

Menthyl ethyl ether, presumably optically inactive, has been pre- 
pared by Briihl {Ber,, 1891, 24, 3376) from sodium menthyloxide by the 
action of ethyl iodide. An experiment on a small scale showed that 
menthol is not etherified, even on prolonged boiling, by alcohol and 
concentrated sulphuric acid. 

The menthol used in the following experiments melted at 42*^, 
boiled at 211 — 212°, and in a 5*09 per cent, alcoholic solution had 
[ajo* -49*52°. For a 5 per cent, alcoholic solution, Arth 
Ghim. Fhys.i 1886, [vi], 7, 438) gives [ajg’ -49*4°. 

A preliminary experiment with dry silver oxide and ethyl iodide 
showed that interaction had occurred. After three successive treat- 
ments with oxide and iodide, the product obtained was an oil of 
faint ethereal odour, giving a - 82*33° in a 100 mm. tube at 12°. 

The preparation was therefore carried out on a larger scale. 
Ill grams of dry silver oxide (1| mols.) were added to the cold 
solution of 50 grams of menthol (1 mol.) in 150 grams of ethyl iodide 
(3 mols.). R’o action occurred in the cold. On warming to the 
boiling point on a steam-bath, reaction set in, as indicated by ebul- 
lition, which continued for one hour after removal from the source 
of heat. The mixture was subsequently boiled for 6 hours. Some 
water was formed in the course of the reaction. The solution was 
filtered, the silver residue washed repeatedly with ether, and, after 
removal of the ether, the liquid was distilled. The boiling point 
rose rapidly from 100° to 205°. The product boiling between 208° 
and 215°, amounting to 52 grams, was collected, and gave cd - 72*62° 
in a 100 mm. tube at 11°. 

The whole quantity (52 grams), together with 5 grams (ao - 82°) 
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from the preliminary experiment, was again similarly treated with 74 
grams of dry silver oxide and 100 grams of ethyl iodide. The reaction 
initiated on warming lasted 20 minutes ; the boiling was continued 
for 8 hours. 52 grams of product, boiling between 205^ and 215°, 
separated as above, were obtained, and gave aj) - 82*22° in a 100 mm. 
tube at 11 °. 

A third treatment with 60 grams of oxide and 80 grams of iodide, 
in which the initial action was very slight, and the boiling continued 
for 6 hours, gave 42 grams of substance boiling at 208 — 213°, which, 
in a 100 mm. tube at 10*5°, had aj, — 83*01. The liquid product 
from the third treatment was heated on a water- bath before addi- 
tion of the ethereal washings. The distillation of a small fraction 
below 40° indicated that in - all probability ethyl ether had been 
formed in the reaction. 

The product was fractionated in order to see whether notable 
increase in rotation could thereby be effected. Three fractions were 
collected, and the rotations were observed in a 100 mm. tube at 10 ° : 


I. 205 — 207°, about one-quarter ai> - 79*93°. 

II. 207 — 209°, main fraction a© -- 84*35°. 

III. 209— 212°, small a 3 > -84*77°. 


Apparently, therefore, the rotation ( — 84*35° to - 84*77°) had 
reached a maximum. Fractions II and III were united and re- 
distilled, but the lower fraction, 205 — 207°, was neglected, although 
nearly pure. Seventeen grams were collected between 207*5° and 209*5°, 
and taken as pure. The higher fraction was very small. Analysis of 
the pure product gave figures agreeing with those required for methyl 
ethyl ether. 

0*1041 gave 0*2978 00^ and 0*1220 HgO. 0 = 78*02 ^ H = 13*02. 

0*1334 ,, 0*3821 002 „ 0*1676 HgO. 0 = 78*11 ; H= 13*12. 

^ 12 ^ 24 ^ requires 0 = 78*26 ; H= 13*04 per cent. 

The specific rotation of the liquid at 20° was as follows : 

-83*94°, Z=l, d 2074 ° = 0*8537, [a]f = -98*32°. 

IL Attempts to prepare Ethers of Triphenyl carhinoL 

The* case of triphenylcarbinol may, in many respects, be regarded as 
crucial. On the one hand, it might be imagined that the presence of 
. the three electronegative phenyl groups might confer fairly well 
defined acidic properties on the hydroxy-group ; on the other, the 
great stability of the carbinol would no doubt render the substance 
less susceptible to the action of a reagent such as silver oxide and 
a^^l halides^ 
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Pure triphenylcarbinol undergoes no change when boiled for 12 
hours with dry silver oxide and either ethyl or isopropyl iodide. In 
the case of ethyl iodide, reaction of any kind is incomplete, although, 
without doubt, some ethyl ether is produced. Heated in a sealed 
tube with silver oxide and ethyl iodide at 160° for 4 hours, the carbinol 
underwent no change, but pure yellow silver iodide was obtained, 
and, under these conditions, the reaction between the oxide and 
iodide seems to be complete. 

In the case of isopropyl iodide, the interaction at 100° is complete, 
as indicated by the formation of pure yellow silver iodide, after pro- 
longed boiling with excess of iodide — 18 grams of oxide gave 34 grams 
of iodide ; calculated, 36*4 grams — and by the formation of a liquid 
boiling between 60° and 68° (isopropyl ether boils at €8*5 — 69°, 
according to Erlenmejer, loo. oil.). 

It is noteworthy that in no other reaction carried out under similar 
conditions is a pure yellow residue obtained, the residues being 
invariably dark coloured, brown or greeuish-black. 

Much delay was caused in the carrying out of the above experi- 
ments from the fact that the carbinol was contaminated with tri- 
phenylmethane. .The recovery of the hydrocarbon indicates, however, 
that it is not acted upon by silver oxide and iodides, although the 
presence of three acidic groups united to the :CH residue renders it 
conceivable that the hydrogen of this radicle might be replaceable by 
alkyl groups. 

III. Action oj Dry Silver Oxide and Alkyl Iodides on 

Benzoin. 

Benzoin affords an instance of hydroxy- compound, in 

which the radicle B is not a hydrocarbon residue. It was therefore 
of interest to see whether, in this particular case, silver oxide and. 
alkyl iodides would serve as an alkylating agent. 

Action of Silver Oxide and Ethyl Iodide on Benzoin. 

The ethyl ether of benzoin is described as one of the products of 
interaction of benzoin, ethyl alcohol, and sodium by Limpritht and 
Jena {Anncden, 1870, 155, 96), who ascribe to it the melting point 
95°, It is also described as resulting from the action of ethyl alcohol 
and concentrated sulphuric acid on benzoin by Fischer {loc. cit.)^ who- 
assigns to it the melting point 62°. 

Preliminary experiments on the small scale showed that reaction 
occurred between benzoin, silver oxide, and ethyl iodide, as the 
benzoin, which is but sparingly soluble in the hot iodide, eventually 
dissolved in the mixture. In addition bo some unchanged substance, 

VOL. LXXVn. 3 E 
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a solid o£ lower melting point, contaminated, however, with oily com- 
pounds smelling strongly of henzaldehyde, appeared to constitute the 
main product of the reaction. The following method was finally 
found most convenient for the isolation of the products. 

Finely powdered benzoin (30 grams) was intimately mixed with dry 
eilver oxide (40 grams, 7 grams in excess of the calculated amount) 
and ethyl iodide (54 grams, an excess of 10 grams) added. JTo 
change occurred even on standing one hour in the cold, but on raising 
to the boiling point, reaction set in, lasting of itself for about half en 
hour. Theimixture was boiled in all for about four hours. During the 
operation, the benzoin passed into solution and did not crystallise out 
on cooling. Water was formed in the reaction, and the liquid acquired 
a distinct odour of benzaldehyde ; the silver residue was dark coloured. 
The products of the reaction were extracted with ether, and after 
removal of ether on the water-bath, the residual oil was distilled in a 
vacuum. Two fractions were collected ; the first was a liquid, boiling 
between 95° and 102° under 20 — 40 mm. pressure ; the second an 
oil which speedily solidified on cooling and stirring, and boiled at 
184—186° under 12 mm. pressure. 

The liquid of low boiling point was redistilled under the ordinary 
pressure, whereby it was separated into two portions, the first boiling 
at 190 — 200°, the second at 200~207°. The fraction of boiling point 
190—200° smelt strongly of benzaldehyde and had an acid reaction. 
A few drops exposed to the air rapidly went semi-solid, yielding an acid 
dissolved by sodium carbonate solution, from which it was repreoipitated 
by dilute sulphuric acid. Furth^ eyidence of its identity with benz- 
aldehyde was obtained by the prepiration of the compound with sodium 
hydrogen sulphite and ctf the phenylhydrasfcme. 

of boiMng point 2(K)— 207° was diafcen out repeatedly 
with concenl^ted so^ hydrogen sulphite, and from the ethei&l 
solution of the residual oil sodium carbonate solution extracted 
practically no benzoic acid. On hydrolysing this oil (5*5 grams) with 
10 per cent, potassium hydroxide solution, with addition of alcohol, 
*3'5 grams of benzoic add were obtained melting at 120° It is thus 
evident that one phase of the reaction of dry silver oxide and ethyl 
iodide on benzoin consists in the partial oxidation of the benzoin, 
resulting in the formation of benzaldehyde and ethyl benzoate, as may 
be indicated by the following equations : 

<1) OgHj- 0H<0H:)-C10-0eH5 + Ag^O = OsH^- OHO + OsHj-COjH + 2 Ag. 
(2) 20«H5-00aH + Ag,b = 20«H5- OO3 Ag + H^O. 

<3)GgH,-002Ag+C2HsI=G6H, -00^35+ ^gl- 

The residue left in the flask after distillation of the original product 
in a vMuum was small. On twice reorystallisiag it from alcohol 
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^ crop of needles melting at 120° to 126° (impure benzoin) was 
obtained . 

The solid substance boiling at 184 — 186° in a vacuum weighed 12 
;grams. It could be crystallised either from alcohol or light petroleum, 
and was purified for analysis by recrystallisation from the latter, in 
which it is easily soluble on boiling. The compound separates, on 
.standing, in warty aggregates of fine needles, and, after recrystallisa- 
tion, melts at 58 — 58*5°. Analysis gave figures agreeing with those 
required by the formula OQHg‘CH(OC 2 H 5 )‘CO*CgE[ 5 . 

0*2285 gave 0*6695 CO^ and 0*1465 HgO. 0-79*90; H-7*12. 

0*1683 ,, 0*4940 002 „ 0*1030 HgO. 0 = 80*04 ; H- 6*80. 

OigHigOg requires 0 = 80*00 ; H = 6*66 per cent. 

Action of Isopropyl Iodide and Dry Silver Oxide on Benzoin, 

Twenty-two grams of benzoin,* 28 grams (5 grams in excess) of dry 
silver oxide, and 41 grams (7 grams in excess) of isopropyl iodide were 
used. As the whole of the benzoin did not dissolve in the iodide when 
heated, 20 grams of benzene were added to nearly complete its solu- 
tion. On adding half of the oxide to the warm liquid, vigorous action 
occurred, lasting, however, only a few minutes. After cooling, the 
remainder of the oxide was added, and a reaction lasting about a. 
-quarter of an hour set in. The mixture was subsequently boiled for 2 
hours, and, on cooling, needles resembling benzoin in crystalline form 
were deposited. A further quantity of 10 grams of oxide and 15 grams 
of iodide was therefore added, which induced further action, lasting 
20 minutes. The mixture was finally boiled for 3 hours, the warm 
liquid filtered, and the residue washed with ether. On cooling the 
benzene solution, a separation of needles occurred, which, after re- 
orystallisation from alcohol, melted at 128 — 132°, and consisted of 
unchanged benzoin. The viscid liquid left after distilling off the 
solvent, was separated as far as possible from deposited benzoin, and 
distilled in a vacuum. As in the case of the reaction of the oxide and 
ethyl iodide, a fraction boiling below 100° under about 20 mni. 
pressure wsus collected, which proved to be a mixture of benzaldehyde 
and isopropyl benzoate. From the fraction above 100°, 7 grams of a 
liquid easily solidifying on cooling and stirring, and fusing below 100°, 
were obtained, boiling from 176 — 180° under 10 mm. pressure. This 
was purified by recrystallisation from light petroleum, one volume of 
the fused substance being easily soluble in about three volumes of the 
hot solvent and was obtained in aggregates of minute needles melting 
a,t 72 — 75° The melting point was not altered by recrystallisation. 
The substance reduced Fehling’s solution very slightly upon boiling, 
owing, possibly, to the presence of unchanged benzoin in quantities too 

3 E 2 
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small for detection. Analysis gave figures agreeing with those 
required for the isopropyl ether of benzoin. 

0-1408 gave 0*4132 COg and 0*0912 0 = 80*03; H = 7-19. 

0*1380 „ 0*4056 002 „ 0*0883 HgO. 0 = 80*15 ; H = 7*ll. 

Oj^HigOg requires 0 = 80*31 ; H = 7*08 per cent. 

The somewhat greater proportion of benzoin, which escapes reaction 
in the case of isopropyl iodide, as compared with that of ethyl iodide, 
may be due to the dilution brought about by the use of benzene, but 
in greater likelihood is attributable to the superior facility with which 
isopropyl iodide interacts with silver oxide. 

lY. Action of Dry Silver Oo^ide and Alkyl Iodides on Amides, 

The alkylation of amides and allied substances presents considerable 
analogy to the esterification of acids by the action of alkyl halides 
on metallic salts, as in many instances the silver or other salts can 
be isolated in a pure state, and submitted to the action of alkyl 
halides (compare Tafel and Enoch, Ber., 1890, 23, 103). In contradis- 
tinction to the comparatively simple case of the metallic salts of 
carboxylic acids, the metallic salts of amides, &c., may correspond to 
the labile form of the free compound. In particular does this seem 
to be the case with the silver salts (Tafel and Enoch, loc. ciL). 

The object of studying the action of silver oxide and alkyl iodides 
on amides was to ascertain whether the intermediate step of prepara- 
tion and isolation of the silver salt could not be obviated, and imino- 
e hers be prepared directly from amides by the use of this reagent. 

Actim qf Stiver Oxide and Ethyl Iodide on Benzamide, 

Ethyl benzimino-ether has been prepared from benzonitrile by the 
action of ethyl alcohol and dry hydrochloric acid (Pinner, Ber., 1883, 
16, 1654), and from silver benzamide by the action of ethyl iodide 
(Tafel and Enoch, loc, cit,). 

Assuming the reaction to proceed through the formation of silver 
benzamide, the production of water in the reaction 2C^Hg*00*NH2 + 
AggO = CO*NHAg + HgO would tend to regenerate amide from 

any imino-ether which might have been formed. It seemed probable, 
however, that by using a considerable excess of oxide and iodide, the 
water thus formed might be removed from the sphere of action thus, 
AggO -b HgO -b 2C2H5I = 2 Agl + 202H5- OH. 

Twelve grams of benzamide, 46 grams of dry silver oxide (calculated 
11*8 grams), and 62 grams of ethyl iodide were used. The benzamide 
was added to the iodide and the liquid warmed, but as solution was 
incomplete, 20 grams more iodide were added, and, on warming, nearly 
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the whole of the amide then passed into solution. After addition of 
the powdered oxide, the liquid was raised to the boiling point when 
reaction set in, and continued without application of heat for half an 
hour. After this had subsided, the mixture was boiled for one hour. 
Water was formed in the reaction, but on continued boiling it dis- 
appeared. The silver residue was greenish-yellow. The solution was 
filtered, and the residue washed with dry ether, the washings being 
added to the original solution. The liquid had a characteristic odour, 
and showed no tendency to crystallise on standing. Addition of a 
slight excess of an ethereal solution of hydrogen chloride caused the 
precipitation of a crop of fine needles, weighing 7 grams, which melted 
at 118 — -120° with evolution of gas, fusing somewhat higher after re- 
solidification. The hydrochloride was farther purified by solution in 
as small a quantity of alcohol as possible, and reprecipitation by dry 
ether. The chlorine in the air-dried substance was estimated by 
titration with decinormal silver nitrate solution. 

0*2917 required 15*90 c.c. AgNOg. 01 = 19*35. 

0*3481 „ 18*85 C.C. AghTOg. 01 = 19*22. 

^OgH5-O(O*O2'E[5)'17H,H01 requires 01= 19*13 percent. 

The purified hydrochloride fused at 119 — 120° with evolution of 
gas, and after resolidification at 125° (compare Pinner, loc* cit,). 


Action of Silver Oxide and Ethyl Iodide on Acetanilide. 

The examination of the action of the oxide and iodide on acet- 
anilide was undertaken in the hops that it would run a course parallel 
to that of benzamide, and yield N-phenylacetiminoethyl ether 
or ethyl isoacetanilide, 0g'E5*NI0(O*02H5)*CH3. Silver formanilide 
corresponds to the iso-type, yielding iso-ethers by the action of alkyl 
iodides (Oomstock and Kleeberg, Amer. Ghern. 1879, 12, 498). In 
contradistinction to sodium acetanilide, CgHg*17N‘a*00*0E[3, silver 
acetanilide, upon the formition of which the reaction depends, would 
almost certainly be 0 gH 5 'H'* 0 ( 0 Ag)' 0 Eg. 

Thirteen and a half grams (1 mol.) of acetanilide were dissolved in 
47 grams (3 mols.) of hot ethyl iodide, and 35 grams (1| mols.) of dry 
silver oxide were added in small portions to the hot solution. The 
addition of each portion induced a moderate reaction, which, after all 
the oxide had been added, lasted half an hour. The mixture was 
subsequently boiled for one hour, and the product extracted repeatedly 
by dry ether. After removal of ether on the water-bath, the liquid 
was left for 24 hours, during which time some unchanged acetanilide 
was deposited. The remaining liquid was fractionated in a vacuum. 
The main fraction boiled at 99: — 100° under 10 mm. pressure, weighed 
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9 grams, and was a colourless, mobile liqtiid smelling of geranium ; it- 
displayed no tendency to solidify, either upon cooling or after pro- 
longed standing. In addition to this liquid product, a further small 
quantity of acetanilide was obtained. 

The liquid was analysed. 

0-2084 gave 0-5600 CO 3 and 0*1610 H^O. 0 = 73-28 ; H = 8-05 
0-1656 „ 0-4192 COj „ 0-1134 Hp. 0= 73-47 j H = 8-09[ 

0-2370 „ 18-0 C.C. moist nitrogen at 5-5° and 733 mm. N = 8-92. 

C6H5*l>i:C(0-C2B:5)-CH3require8C = 73-62 ; H = 7*97 ; N = 8-59 per cent. 

The boiHng point of ethyl isoacetanilide under the ordinary pres- 
sure IS 207 — 208°. The compound is extremely easily hydrolysed by 
dilute hydrochloric acid, in which it dissolves rapidly in the cold, and 
on addition of an excess of platinum chloride to the solution, n-piliT^o . 
platinichloride separates in aggregates of blade-liie crystals (Pt = 
32-60 ; calculated 32-69 per cent.). This, when shaken with sodium 
hydroxide solution, gave an oil which coloured calcium hypochlorite 
solution purple. 

On warming a solution of ethyl isoaeetanilide for a few moments 
with concentrated hydrochloric acid, the smell of ethyl acetate was 
perceptible, and, on cooling, crystals of aniline hydrochloride were 
deposited. 

like methyl isoformanilide (Comstock and Kleeberg, loe. cit.), it 
yields an amidine by interaction with aniline. Ethyl isoaeetanilide 
(3 grams) was warmed for 5 hours on the water-bath with aniline 
(2 grams), and the reaction completed by boiling the liquid for a few 
moments; on coidiisg, the substance solidified, and was identified as 
^phenylmeaiylamidine, melting at 131—132° (Bmdermann, J?er., 1874, 
7, 640). Eour grams of amidine were produced. 

0-1910 gave 22-0 c.c. moist nitrogen at 4° and 723 mm. 17 = 13-43^ 
requires N= 13-33 per cent. 

V. Aetion of Dvy Silver Oxide and Ethyl Iodide on Ethyl 

Acetoacetate, 

The al^ktion of ethyl acetoacetate by the action of silver oxide 
^d alkyl iodides, in addition to serving as an instance of the applica- 
tion of the method to this particular class of compound, is of special 
interest as affording a possiWe means for the production of the 
isomeric ethers in place of the alkyl compounds formed by the action 

«»dium etfaoxide and alkyl iodides. From the fact that silver 
^ and iodides effect the direct etherification of the alcoholic 
hydraxy-group of certain compounds, it seemed quite likely that in 
the interaction ^ any) with ethyl acetoacetate the latter would react 
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in the enolic form as ethyl ^-hydroxycrotonate, and that the pro- 
duct would be ethyl ^-ethoxycrotonate. The methoxy-compoimd 
has been obtained by the alkylation of ethyl acetoacetate by diazo- 
methane, a reagent which lends itself to the formation of ethers of 
hydroxy-compounds of acid or feebly acid character (von Pechmann^ 
Ber.y 1895, 28, 1624) ; the ethoxy-derivative by the action of sodium 
ethoxide on ethyl ^-isochlorocrotonate (Friedrich, Annalmh^ 1883, 219, 
333), and from ethyl acetoacetate by interaction with ethyl ortho- 
formate (Claisen, Ber.y 1896, 29, 1006). 

After preliminary experiments with from 20 to 50 grams of ethyl 
acetoacetate had shown that the product of the interaction with silver 
oxide and ethyl iodide was mainly ethyl ethyiacetoacetate, mixed, 
however, with a very small proportion of ethyl ^-ethoxycrotonate, 
the following preparation on a large scale was carried out with the 
object of isolating the latter in a state of purity. Dry silver oxide 
(174 grams) was added in small portions to a mixture of ethyl aceto- 
acetate (90 grams) and ethyl iodide (237 grams). On warming, after 
the addition of the first portion of oxide, a vigorous action set in, 
which was moderated by cooling from time to time with water. 
After all the oxide had been added and the spontaneous reaction had 
ceased, the mixture was boiled for 45 minutes. Some water was 
formed in the reaction. The liquid was filtered, the residue washed 
four times with ether, and the ethereal solution fractionated after 
drying over anhydrous sodium sulphate. After removal of ether 
and excess of iodide, the boiling point rose rapidly to 190°, and 
75 grams boiling at 190 — 198°, together with 9 grams boiling at 
198 — 205°, were collected. The residue in the distillation flask was 
small. As both fractions gave a violet colour with alcoholic ferric 
chloride, they were united, and the eithyl ethyiacetoacetate removed 
by hydrolysis with 60 grams of potassium hydroxide dissolved in 
600 C.C. of water. On shaking and warming, nearly all the ester 
passed into solution, and on further heating a clear, oily layer (ketone) 
separated. In all, the liquid was heated for less than half an hour. 
The ketone and unchanged ester were extracted by shaking out twioe^ 
with ether, and the ethereal solution, after being dried over calcium 
chloride, was distilled. After removal of the ether on the water- 
bath, the ketone was distilled below 110°, a small fraction was 
collected between 110° and 186°, and the remainder between 186° and 
190°. The last fraction gave no coloration with ferric chloride, andi 
on cooling solidified almost completely in tabular crystals, which only 
partially fused on standing at the temperature of the laboratory. 
The nearly solid substance was drained as far as possible on the filter 
pump, and washed with a small quantity of ether. The crystals thus 
obtained were rather moist, but after pressing on filter paper melted 
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at 29 — SO® and were identified as ethyl )8-ethaxycrotonate (compare 
Friedrich, he* cit). On analysis : 

0-1554 gave 0-3461 COg and 0-1256 HgO. 0 = 60-74 ; H = 8-98. 

CgHi^Og reqnii’es 0 = 60-76 ; H = 8-86 per cent. 

On prolonged standing, the crotonate separated in long, rectangular 
plates from the impure liquors, removed in the preparation of a pure 
sample. That the substance was ethyl /8-ethoxycrotonate, and not 
ethyl ethylacetoacetate, was further shown by the facts that it gave 
no colour with ferric chloride, and that, on hydrolysis with potassium 
hydroxide, an acid melting and decomposing at 137*5® was obtained. 

The alkaline solution, obtained in the removal of the ethyl ethyl- 
acetoacetate, upon cautious acidification in the cold with dilute sul- 
phuric acid, yielded a small quantity of ^-ethoxycrotonic acid, which 
separated on spontaneous evaporation of an ethereal solution in well 
defined, prismatic crystals melting and decomposing at 137-5®. The 
total quantity of /?-ethozycrotonate formed in the reaction was, as far 
as could be ascertained, not more than 5 grams, or about 5 per cent, 
of the whole. 

Sodium j8-ethoxycrotonate is decomposed on warming in aqueous 
solution. It is conceivable that any crotonate produced in the alkyla- 
tion of ethyl acetoacetate by sodium ethoxide might be decomposed in 
the process of separation, owing to the presence of adventitious traces 
of hydroxide. The alkylation of ethyl acetoacetate was therefore 
effected by the aid of potassium ethoxide and ethyl iodide, and the estor 
examined by the method of hydrolysis de^ribed in the case of the 
silver oxide product. A small quantity of a liquid, which boiled at 
210 — ^214®, gave no colour with ferric chloride, and dissolved in potass- 
ium hydroxide solution with, separation of an oil, was obtained on 
distilling the methyl propyl ketone and non- hydrolysed oil. This was 
in all probability ethyl diethylacetoacetate (b. p. 218®). From the 
alkaline liquor, dilute stilphuric acid precipitated an oily acid, which 
on long standing partially solidified, the solid melfcing at 109® without 
decomposition. It was probably dehydracetic acid (ni. p. 108*5 — 109®), 
and the quantity was extremely small. No trace of ^-ethoxycro tonic 
acid could be detected. 

Modification of the method of carrying out the alkylation of ethyl 
acetoacetate by means of silver oxide may result in the reaction pur- 
suing a different course, as in the following instance, in which the 
ethyl iodide was added to the mixture of ester and oxide. The addition 
of a small quantity of iodide caused a considerable rise in tempera- 
ture, white fumes appearing in the flask. As it was desired to keep 
down the temperature, benzene was added, and then the remainder pf 
the iodide, was introduced in small quantities. The reaction was 
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completed by heating for a short time on the steam-bath. More 
water was formed than in the case of the addition of the oxide to the 
ester and iodide (p. 739). After removal of benzene and iodide, the 
ester, which gave a reddish-violet tint with alcoholic ferric chloride, 
was distilled o:ff. A considerable residue remained in the flask. 
After standing all night, it partially solidified to needles. In a vacuum, 
about half of this residue distilled over at approxim itely 210^ under 
20 mm. pressure. This distillate was crystallised from light petroleum, 
from which it separated in fine needles melting at 102 — 105°. Only 
0*7 gram was obtained from 65 grams of ethyl acetoacetate, and after 
recrystallisation from ether, this gave 0*5 gram, melting at 103 — 106°. 
The substance gave a deep blue tint with alcoholic ferric chloride. 

Analysis gave figures agreeing best with those required for ethyl 
diacetylfumarate. 

0-1646 gave 0-3420 COg and 0*0912 0^56*66 ; H-6-15. 

0-1578 „ 0-3263 002 0 0840 HgO. 0 = 56*39 ; H = 5*91. 

OigHigOg requires 0 = 56*26 ; H = 6*25 per cent. 

No other product could be isolated in a state of purity from the 
oily residue of high boiling point. 

Ethyl diacetylfumarate (m. p. 95*5 — 96°) has been prepared by the 
action of iodine on ethyl sodiodiacetylsuccinate (Just, Ber,, 1885, 18, 
2636), and by the action of finely divided silver on ethyl iodoaceto- 
acetate (Schonbrodt, Annalerif 1889, 253, 196). Its formation in the 
action of silver oxide on ethyl acetoacetate is readily explicable, if it 
is regarded as produced by oxidation, either directly or through the 
intermediary of ethyl diacetosuccinate : 

OHg-OO-OHa-COgEt CHg-CO-CH-OOgEt CHg-CO.C-COaEt 

CHg-CO-CH^-OOaEb OHg-CO-CH-OOjEb CHg-CO-B-OOgEfc 

Attempts to obtain the acid by hydrolysis with alcoholic potassium 
hydroxide, resulted only in the production of resinous matter (com- 
pare Paal and Hartel, Ber,, 1897, 30, 1994), 


Action of Silver Oxide and Ethyl Iodide on Ethyl Ethylacetoacetate* 

Alkylation of ethyl ethylacetoacetate'by silver oxide and ethyl iodide 
seems to occur, but only to a very slight extent. Forty-eight grams of 
ethyl ethylacetoacetate (b, p. 193 — 195°) were boiled with 70 grams of 
silver oxide and 94 grams of ethyl iodide for 3 hours. The silver 
residue weighed 112 grams (calculated 142). The ester was separated 
into three fractions, the first, boiling at 195—198°, constituted the 
main fraction; the others were small, and boiled at 198 — 203° and 
203 — 214°. All three coloured alcoholic ferric chloride violet. By 
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partial hydrolysis, a small quantity (about 6 grams) of ester boiling 
at 204 — 214° was obtained. It gave no colour with ferric chloride, 
and on boiling with aqueous potassium hydroxide, gave a non-hydro- 
lysable oil (ketone). No solid acid could be detected among , the 
products of complete hydrolysis. Apparently, the homologue of ethyl 
jS-ethoxycrotonate is not one of the products, or, at any rate, if formed, 
is produced only in very minute quantities. 

YL Action of Dry Silver Oxide and Ethyl lodoacetate on Ethyl 

Acetoacetate, 

The following experiment was undertaken in order to ascertain 
whether, in the synthesis of ethyl acetosuccinate from ethyl aceto- 
acetate by the aid of sodium ethoxide and halogen substituted ethyl 
acetates, silver oxide could be employed in place of sodium ethoxide. 

Various experiments had indicated that the use of chloro- or bromo- 
compounds gives less satisfactory results than that of iodo- derivatives. 
Ethyl iodoacetate, prepared by the action of potassium iodide on the 
chloroacetate, was therefore employed in preference to chloroacetate ; 
its boiling point was 170 — 180°, and it probably contained some 
chloroacetate. Dry silver oxide (23 grams) was added in two portions 
to a mixture of 13 grams of ethyl acetoacetate and 21 grams of ethyl 
iodoacetate. After the reaction had been started on the water-bath, 
the liquid became very warm, and the flask was therefore cooled to 
moderate the action. A black deposit, purple by transmitted light, 
formed on the flaefc, indicating that metallic silver had in all proba-^ 
bility been formed. After the reaction had moderated, benzene was 
added, and the liquid boiled for some time on "the water-bath. Water 
was f ormed in the reaction. The solution was filtered, and the residue, 
which was very dark coloured, was washed with ether. After removal 
of the solvent^ the oily residue was distilled in a vacuum. The main 
fraction, weighing 8 grams, boiled at 142 — 144° under 16 mm. pres- 
sure, and was an oil of faint, sweetish odour ; one drop gave a distinct 
reddish-violet tint to an alcoholic solution of ferric chloride. As ethyl 
acetosuccinate gives no coloration with this agent (Conrad, AnnaHen^ 
1877, 188, 220), it was thought possible that the coloration might be 
due to the presence of traces of ethyl acetoacetate, but after redistil- 
lation in a vacuum, the same tint was given. Analysis gave figures 
agreeing with those required for ethyl acetosuccinate. 

0-1833 gave 0*3715 OOg and 0*1231 HgO. 0 = 55*27 ; H= 7*46. 

requires 0 = 55*55 ; BE = 7*40 per cent. 

On hydrolysis with strong alcoholic potassium hydroxide, the sub- 
stance gave succinic acid, melting at 179°, which was converted into 
barium salt* This was dried at 130° and analysed. 
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0*1265 gave 0ai59 BaSO^. Ba = 53*85. 

04 H 404 Ba requires Ba = 54*22 per cent. 

A second preparation was undertaken^ in order to ascertain whether 
better yields of the acetosuccinate could be obtained. The silver oxide* 
(46 grams) was added in the cold, and in small portions, to a mixture 
of 26 grams of ethyl acetoacetate and 43 grams of ethyl iodoacetate.^ 
The temperature of the liquid rose considerably on addition of eack 
portion of oxide, and the action was allowed to subside before the next 
portion was added ; 18 grams of acetosuccinate were obtained. The 
residue in the distillation flask was large. It did not solidify on pro- 
longed standing, and, on attempting to distil it in a vacuum, partiali 
decomposition occurred* A small quantity of a viscid oil distilled 
over below 210° under 17 mm. pressure, and a thick, tarry residue- 
remained in the flask. 

It seemed difficult to account for the fact that the acetosuccinate, 
prepared as above, gives a distinct coloration with alcoholic ferric 
choride. This cannot be due to the presence of traces of oxidation pro- 
ducts such as ethyl diacetofumarate, as redistillation does not deprive 
the compound of this property, and as the coloration is still given 
after the compound has been dissolved in sodium hydroxide and* 
reprecipitated by acid. The explanation is to be found in the fact 
that, when prepared by the action of ethyl chloroacetate on ethyl 
sodioacetoacetate, the acetosuccinate is distinctly acid after distillation 
in a vacuum, whereas the product as obtained by the silver oxide- 
method is almost exactly neutral. A sample of ethyl acetosuccinate,, 
prepared by the aid of sodium ethoxide and giving no colour with ferric 
chloride, was shaken with sodium carbonate solution, in which it is* 
insoluble. The neutral ether thus obtained coloured alcoholic ferric 
chloride in precisely the same way as the silver oxide product. The* 
coloration given by neutral ethyl acetosuccinate ‘is immediately dis- 
charged by the addition of a trace of hydrochloric acid ; it is repro- 
duced by the addition of a minute quantity of sodium carbonate, but 
again discharged by an excess of alkali. The coloration -given to* 
alcoholic ferric chloride by other substances, such as ethyl acetoacetate* 
and salicylic acid, is similarly destroyed by the presence ofi^free acid or 
alkali ; thus, the red coloration of ethyl acetoacetate is destroyed by 
a trace of piperidine, reproduced by neutralisation with hydrochloric- 
acid, and destroyed by an excess of hydrochloric acid. 

YII. Action of Silver Oxide and Ethyl Iodide on Ethyl 

Malonate, 

Ethyl malonate presents an instance of a ketonic compound which 
might exist in the labile hydroxy-form; That the substance does not: 
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react in the hydroxy-form, is shown by the fact that diazo methane is 
without action on it (von Pechmann, loo, cit., 1628). Claisen 
1892, 26, 1764) has further pointed oat that the replacement of a 
hydrogen atom of the methyl gi’oup of ethyl acetate by the feebly 
negative carbethoxy-group is likely to lead to the formation of a com- 
pound behaving solely in accordance with the ketonic structure. In 
event of the malonate reacting with the oxide and iodide in the labile 

form ^^^OICH’COgEt, the product would be a /3-diethoxyacrylate, 

which on hydrolysis with potassium hydroxide would in all probability 
yield jS-diethoxyacrylic acid, but under these conditions might also 
give, by elimination of the ethyl groups attached to oxygen, dihydroxy- 
acrylic, that is, malonic, acid. 

Preliminary experiments showed that interaction, if any, was very 
incomplete, but sufficient indication of the formation of ethyl ethyl- 
malonate was afforded to justify the attempt to isolate it from the 
product. Sixty-nine grams of dry silver oxide (1 J mols.) were added 
to a mixture of 32 grams (1 mol.) of ethyl malonate and 93 grams 
(3 mols.) of ethyl iodide. Reaction, as indicated by moderate ebulli- 
tion, was started by warming on the steam-bath, and lasted of itself 
for half an hour, the mixture being subsequently boiled for 5 hours. 
Ho water could be detected in the product, and the silver residue, 
which was dark brown, weighed 126 grams (calculated 141 grams). 
By distillation, 28 grams of ester boiling at 192 — 203° were obtained. 
The residue in the distillation flask was very small, indicating that* 
oxidation had not occurred to any considerable extent. The ester was 
subjected to partial hydrolysis by boiling with a solution of 15 grams 
of potassium hydroxide in 60 c.c. of water for 1 hour, and allowing to 
sl^nd, with frequent shaking, for 24 hours. The non-hydrolysed oil 
was extracted with ether, and the ethereal solution, after drying with 
calcium chloride, on distillation gave 2 grams boiling at 195 — 203° 
(rejected), and 8 grams boiling at 203 — 206°. The latter fraction was 
hydrolysed by boiling with 7 grams of potassium hydroxide dissolved 
in 20 c.c. of water, sufficient alcohol being added to secure the solution 
of the oil. The resulting alkaline solution was neutralised by the 
addition of hydrochloric acid and ammonium hydroxide, and the boiling 
liquid precipitated by a hot concentrated solution of 8 grams of 
calcium chloride. The amorphous calcium salt thus obtained was 
washed with boiling water until free from chloride. A portion dried 
at 120° was analysed, 

0*3738 gave 0*2986 OaS 04 , Found Ca - 23*49. 

C2H5‘0H(C02)2Ca requires Oa = 23*53 per cent. 

That the salt was calcium ethylmalonate was further shown by de- 
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composing a portion -with concentrated hydrochloric acid, and extract- 
ing with ether. On evaporation of the ether, a crystalline acid was 
left, which after drying on a porous tile melted at 111*5°, and com- 
menced to decompose at 160°. 

YIII. Acit07i of Dry Silver Oxide and Methyl Iodide on 

Salicylic Acid, 

The comparatively strong acidic character of phenolic hydroxyl 
rendered it practically certain that alkylation of phenols can be 
effected by means of silver oxide and iodides. Salicylic acid was 
selected for examination, as containing carboxyl in addition to the 
phenolic hydroxy-group, and therefore further serving to illustrate 
the esterification of acids by the use of the reagent. Moreover, the 
products obtained by the silver oxide method being usually very pure 
and free from resinous matter, the application of the method to 
phenolic substances was likely to lead to the formation of compounds 
free from the resinous matter generally produced by the application 
of potassium hydroxide and iodides. The interaction of 50 grams of 
silver oxide and a solution of 20 grams of salicylic acid in 62 grams 
of methyl iodide and 40 c.c. of benzene was very vigorous, but incom- 
plete. The resulting ester, 17*5 grams, was neutral, and consisted of 
a mixture of methyl esters of salicylic and methoxybenzoic acids, as 
shown by the irregularity of the boiling point (228 — 240°), and by 
the production on hydrolysis of an acid which melted at 100 — 130° 
and gave a violet colour with neutral aqueous ferric chloride. 12*5 
grams of the mixed esters were therefore again treated with 20 grams 
of oxide and 25 grams of methyl iodide. No water was formed in 
the second treatment. By extraction of the oily products with ether 
and distillation, 12 grams of methyl methoxybenzoate boiling at 245° 
were obtained, the boiling point being given as 228° by Folsing (Ber,^ 
1884, 17, 486). Five grams of the ester were hydrolysed by warming 
with a solution of 5 grams of potassium hydroxide in 20 o.c. of 
water, until the disappearance of oil. By acidification, 4*5 grams of 
methoxybenzoic acid, giving no colour with ferric chloride, were 
obtained. The acid was further purified by solution in a small quan- 
tity of warm alcohol and addition of about 3 volumes of water; on 
cooling, it was deposited in lustrous prisms melting at 99° The 
following results were obtained on analysis : 

0*1504 gave 0-3470 CO^ and 0*0721 HgO. 0 = 62*92 ; H == 5-32. 

CgHgOg requires 0 = 63-15 ; H = 5*26 per cent. 

The production of the pure ester in one operation could apparently 
have been effected by employment of a larger excess of oxide, in 
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whieli case, too, the yield would probably have been better. The use 
of silver oxide and methyl iodide leads to the formation of a very 
clean product. 

IX, Action of Silver Oxide and Ethyl Iodide on 
Benzaldehyde, 

Since the action of silver oxide frequently results in oxidation, the 
following experiment was carried out in order to see whether it would 
be possible to effect the oxidation of an aldehyde and esterification of 
the acid in one operation* Fifteen grams of henzaldehyde, 35 grams 
•of silver oxide, and 48 grams of ethyl iodide were used, and the re- 
action was very vigorous ; the silver residue weighed 50 grams. From 
the proportions taken, it was to be expected that one-half of the 
aldehyde would be oxidised and esterified. The product was a mixture 
of henzaldehyde and ethyl benzoate. After the removal of the greater 
part c»f the aldehyde by fractionation, the ester was freed from traces 
of aldehyde by repeated extraction with sodium hydrogen sulphite 
.•solution. Ethyl benzoate boiling at 206^^ and yielding on hydrolysis 
benzoic acid melting at 12P was thus obtained. 

Discussion of Results. 

With respect to the general aspects of the behaviour of silver oxide 
and alkyl halides as an alkylating agent, it may be remarked that 
the course of the reaction is usually smooth and rapid. In many 
instances, complete alkylation is not effected by one treatment, and in 
others, for example, that of benzoin, the reaction may be slower owing 
to the insolubility of the substance to be alkylated. The limit of 
applicability may be regarded as reached in the cases of compounds 
insoluble in the halide or some neutral solvent. The difficulty of 
removing inorganic bye-products is reduced to a minimum. In the 
•case of the esterification of acids by the aid of mineral acids, or of 
acids whose silver salts are unstable, the direct application of silver 
oxide and alkyl iodides would doubtless secure considerable saving, 
both in time and material. The possibly prejudicial effect of the water 
usually formed in the reaction is, to a great extent, mitigated by the 
practical insolubility of water in the halide, and may, in certain cases, 
be reduced to a minimum by the employment of a sufficient excess of 
silver oxide and halide. 

It will be seen that the reaction is applicable to the alkylation of 
typieal compounds of all the classes enumerated in the introduction. 
It is apparently the only reaction whereby direct alkylation of the 
esters of hydroxy^acids may be brought about. 

As regards the suitability, of particular halides, iodo-compounds are 
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found to yield the best results. This is due no doubt in great measure 
to the inferior stability and consequently readier resolution of iodo- 
as compared with bromo- and chloro-derivatives. It is possible, how- 
ever, that a connection may be traced between the fact that the 
molecular volume of silver iodide is greater than the sum of the atomic 
volumes of silver and iodine (in other words, there is an expansion in 
the formation of silver iodide), and the generally observed fact that the 
elimination of silver iodide in processes of organic synthesis is marked 
by especial ease. So far as our knowledge of the conditions modifying 
chemical change goes, it can only be said that this is a coincidence ; 
the two facts may, however, be causally related. In this connection, 
it is of interest to note that similar volume relations hold for mercuric 
iodide, and mercuric oxide has been shown to be capable of use instead 
of silver oxide in the alkylation of ethyl malate (Purdie and Pitkeathly, 
loc, Git,^ 1^7). The tardier action of chloro- and bromo-compounds is, 
moreover, detrimental, as greater chances are thereby afforded for the 
occurrence of reactions involving oxidation. Of the alkyl iodides, 
methyl and ethyl are most suitable, and of these the former lends 
itself more readily to the reaction than the latter. With isopropyl 
iodide, the reaction is usually not so complete, for example, in the case 
of benzoin. This may quite readily be accounted for by the fact that 
the interaction with silver oxide, with formation of alkyl ethers, is 
notably less vigorous in the cases of methyl and ethyl than in that of 
isopropyl iodide. 

The phenomena of oxidation depend greatly, as was shown in the 
alkylation of ethyl acetoacetate, upon the conditions under which the 
experiment is carried out. That oxidation should occur is quite con- 
ceivable ; in the absence of alkyl iodides, oxidation is extremely 
vigorous, usually resulting in the production of resinous matter. 
Oxidation may be almost entirely avoided, either by adding the oxide 
to a mixture of the compound to be alkylated and the alkyl halide, or 
by addiing the substance to a mixture of oxide and halide. 

The simplest explanation of the mechanism of the reaction is that 
the silver oxide serves merely as a means of removing the elemeri|s 
of hydrogen iodide from the sphere of action. That . this view iam- 
adequate is shown by the fact thAt other oxides, such as those of lead, 
copper, and zinc, are incapable of replacing oxide of silver in the 
reaction. 

The weight of evidence inclines to the view^ that the ^ver oxide 
acts in virtue of the production of silver derivatives of greater or less 
stability, which then, by double decomposition with the alkyl iodide, 
yield the corresponding ethers. According to this view, all the cases 
of alkylation by this method fall under the second general heading 
mentioned in the introduction (p. 730). As to the manner in which 
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the substitution of silver, ^ind eventually alkyl, for hydrogen is 
brought about, it may certainly be assumed to occur in cases such 
as those of esters of hydroxy-acids, in virtue of some such pre- 
liminary addition of the elements of silver oxide, as that assumed 
in Walden^s explanation of the optical inversion in the conversion 
of active chlorosuccinic acids into active malic acids {Ber,^ 1899, 32, 
1850). In application to a saturated compound like menthol, re- 
course would have to be made to the theory of the quadrivalency 
of oxygen. It seems preferable, however, to regard the reaction 
in every instance as simply one of double decomposition, the 
hydrogen atom ultimately replaced by alkyls being first replaced 
by silver. The cycle of changes involved could then be represented 
by the equations : 2ROH + AggO = 2ROAg + HgO ; 2ROAg + 2RT = 
2ROK + 2 Agl j AggO + HgO -I- 2RT == 2ROH + 2AgI. 

The direct interaction of dry silver oxide and alkyl iodides with 
formation of ethers represents a process of simple double decomposi- 
tion, AggO + 2RI = RgO + 2AgT, and is comparable with the produc- 
tion, by the action of basic oxides, of digly collie acid from chloroacetie 
acid (Schreiber, J, Ghem,^ 1876, [ii], 13, 436), and of ether by the 
action of sodium oxide upon ethyl iodide (Greene, BuU. Soc, Ghim.^ 
1878, [ii], 29, 458). With regard to the cases of ether formation 
mentioned in the introduction, it must be pointed out that Linne- 
mann, in the preparation of propyl ether, employed a mixture of 
propyl iodide, dry silver oxide, and acetic acid, and that Erlenmeyer, 
in preparing isopropyl ether, used moist silver oxide, Wurtz .{foc. dt.) 
states that interaction of dry silver oxide and ethyl or methyl 
iodides is very energetic, the substances reacting immediately on one 
another, with great disengagement of heat. In the author's experi- 
ence, reaction between thoroughly dried oxide and iodide is very 
tardy. When 23 grams of dry oxide were added to 32 grams of ethyl 
iodide, the temperature rose momentarily from 14*5 — 15°, and then 
sank steadily, remaining in a corked flask at the temperature of the 
laboratory for many hours. AJter standing days, the liquid was 
filtered. The liquid consisted mainly of unchanged iodide. The 
residue, dried at 100°, weighed 29 grams (silver iodide requires 47), 
indicating that about 25 per cent, of the oxide had entered into re- 
action. It is probable that interaction with formation of ethers 
depends upon the presence, or initial formation, of small quantities 
of alcohol (or water), thus, 

AggO + 202H5-0H = 202H5*0Ag -f- HgO. 

CsHg-OAg + G^HjI = + Agl. 

$he fact "that in the presence of a third, more acidic compound 
the alkylation of that compound, rather than 
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in the production of ether, would follow from the relatively small 
tendency of the alcohol to form intermediate silver salts. 

The formation of unstable silver salts of esters of hydroxy-acids 
may afford an explanation of the production of esters of alkyloxy- 
acids in the interaction of silver salts and alkyl iodides (Purdie and 
Lander, Trans., 1898, 73, 289). We may imagine in this instance 
that the ester of the hydroxy-acid, in virtue of its feebly acidic 
character, enters into double decomposition according to the reversible 
reaction ; 

CH(0H)-002Ag CH{0H)-C02R 

CHg-COjAg + ^ OHa-COjR 

CH(0H)*C02H CH(0Ag)-C02R 
CHj-COaH ^ CHss-OOgR 

The silver compound of the ester Y^ould then undergo further 
reaction with the alkyl iodide, yielding the alkyloxy-ester. The 
production of alkyloxy-esters in the interaction of iodides and oxy- 
silver salts is accompanied in all cases by the production of free 
organic acid, and the amount of alkyloxy-ester produced varies with 
the amount of free acid obtained. This fact finds ready explanation 
by the assumption here made. The explanation, it is true, scarcely 
covers the fact that free alkyloxy-acid is also found, although in very 
much smaller proportion, along with free hydroxy-acid. 

Free alkyloxy-acid might, however, result from the partition of the 
ethyl group between the free hydroxy-acid and alkyloxy-ester : 

RO-CpH-COaR HO-Cl^-COgH ^RO-CH-COgK HO-CH-CO^R 
CHg-OOgR CKa-COaH"" CHg-CO^H CHg-OOgR 

or more simply by the partial hydrolysis possibly effected by the dry 
potassium carbonate, used in the removal of free acid from the 
product. 

It must he pointed out that the greater production of free acid in 
the action of isopropyl than in that of ethyl iodide, may be due to the 
decomposition of the iodide 0% OHI- OHg « HI CHg- CHrOHg. 
The corresponding reaction with ethyl iodide is not, however, so 
likely to occur. 

If this view of the reactions in question be correct, it might be 
expected that the formation of esters of alkyloxy-acids could be 
brought about by the joint action of ethyl iodide and the silver salt 
of a weak acid on an ester of a hydroxy-acid. As a test case, the 
action of silver carbonate and ethyl iodide on ethyl tartrate was 
examined. Ho action occurred in the cold during one hour with a 
mixture of 39 grams of silver carbonate, 20 grams of ethyl tartrate, 
and 44 ^ams of ethyl iodide. On boiling, a moderately energetic 
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action set in, the yellow silver salt rapidly darkening, and eventually 
turning black. The product, after 4 hours boiling, was a viscid, 
neutral liquid. After removal of ethyl carbonate in a vacuum, the 
bulk of the substance distilled over between 151® and 154® under 
11 mm. pressure. In a 100 mm. tube at 20®, the liquid gave ajy + 32*02®. 
Ethyl tartrate gives at the same temperature aj> +9*13®, and ethyl 
diethoxysuccinate at 18®, +97*52® (Purdie and Pitkeathly, loo. cit,, 

159). The notable increase in rotation caused by the action of silver 
carbonate and ethyl iodide is attributable most simply to the forma- 
tion of roughly 25 per cent, of dialkyloxy-ester. 

A mixture of silver acetate, ethyl tartrate, and excess of ethyl 
iodide was similarly boiled for 3 hours. Free acid resulted as one of 
the products, and was removed by potassium carbonate. About one- 
half of the neutral product consisted of unchanged ethyl tartrate 
(aj?*’ + 9*25°) ; the remainder was a thick, tarry mass, which could not 
be distilled in a vacuum. Apart from the small likelihood of partition 
of silver occurring between a strong acid, such as acetic, and a hydroxy- 
ester, the fact that the reaction apparently pursued a different course 
from that anticipated renders the result of the experiment incon- 
clusive. 

The results obtained with ethyl acetoacetate are of interest with 
respect to the question of the probable constitution of this substance. 
Physical considerations are regarded as proving that ethyl aceto- 
acetate consists mainly of the ketonic form, mixed, however, with a 
small proportion of the enolic form, the substance presenting an 
instance of equilibrium of the unimolecular type, as suggested by 
Traube (Ser., 1896, 29, 1716). The failure of chemical methods of 
proof of the presence of the two dynamic isomerides in ethyl aceto- 
acetate is attributable in great measure to the fact that a substituting 
agent usually acts exclusively with one or the other form, as is well 
shown in the case of diazomethane (von Pechmann, loc, cit.). In this 
particular instance, the equilibrium law would lead us to expect that, 
as soon as the enolic form has been rendered stable byconversion into 
methoxycrotonate, more of the enolic form will be produced from the 
ketonic form, in quantity depending upon the coefficients of velocity 
of the two isomeric changes, until eventually the whole of the sub- 
stance has reacted in the enolic form. Such considerations (compare 
Lowry, Trans., 1899, 75, 241) serve to account for the influence of 
the so-called ketonising and enolising agents in determining in which 
form condensation with benzalaniline shall ensue (Schiff, JBer., 1898, 
31, 207, 601). Similarly, in the interaction of ethyP acetoacetate 
with ethyl orthoformate, even although some proportion of the sub- 
stance were initially present in the h) droxy-form, in so far as the 
orthofonhate appears capable of reaction only with the ketonic form 
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(Claisen, B&r.^ 1896, 29, 1005), eventually the whole of the aceto 
acetate will have reacted in the latter form. Granting that alkylation 
by means of silver oxide and iodides depends upon the preliminary 
formation of silver substitution compounds of types corresponding to 
those of the alkyl derivatives eventually obtained, the simultaneous 
production from ethyl acetoacetate of both O'CgHg and C’OgHg 
homologues, points to the prior formation of the two silver salts, 
CH 3 -C( 0 Ag): 0 H-C 02 C 2 H 5 and CHg-OO-OHAg-OOgOaHs, and 
therefore to the existence of both ketonic and enolic forms in the 
original substance. If the silver oxide is assumed to act merely by 
elimination of the elements of hydrogen iodide, the conclusion is more 
direct, or even unavoidable. The elements of hydrogen iodide would 
be removed from the ethyl iodide and the replaceable hydrogen atom 
of the two characteristic groupings •OO'CHg* and and 

the results obtained would therefore indicate the presence of both 
these groups in ethyl acetoacetate. As stated above, the view that 
silver derivatives are actually formed is adopted here. 

In cases of syntheses effected by the aid of metallo-derivatives, 
such as the formation of alkyl homologues from ethyl sodioaeeto- 
acetate, in so far as only one type of alkyl homologue is produced, it 
is possible to explain its formation either by the ONa or CKa consti- 
tution for the sodium salt. Where both types of derivative are 
produced, as, for example, in the action of ethyl chlorocarbonate on 
ethyl sodioacetoacetate (Claisen, 1892, 25, 1768), and in the action 
of acetyl chloride on the sodium and copper compounds (ItTef, AnnaUn^ 
1893, 276, 222), it may be assumed (hTef) that the interaction is 
of two distinct kinds, namely, double decomposition, and replacement 
with prior addition. The assumption, certainly by no means im- 
probable, is here made that two definite substances interact, not in 
one, but in two senses, the course of the reaction of silver oxide and 
ethyl iodide with ethyl acetoacetate being admittedly susceptible of 
explanation in the two following ways : 


OH-CO,C„H, 


0,HJ = 


dfs-C-OO^Hg 

CH'OOjO^Fs 


+ Agl. 


0H3-(^-OAg 


CH-OOaOaHs 

CHs-OO 


+ CgHJ = 






6h(C3H6)*C0303H5 


+ Agl. 


Similar equations would serve to account for the formation of both 
types of ethyl compound, using the CHg-CO'OBL^g’GOgOgHg formula, 
if the elements of € 2 ^ 5 ^ indirect action are assumed to be 
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added on to the 00 group. In conformity with the known tendency 
on the part of silver to form salts corresponding to the enolic 
or labile form of tautomeric compounds (for example, benzamide, 
succinimide), it might be expected that the silver salt of ethyl aceto- 
acetate would possess the OAg structure. As such, since interaction 
with ethyl iodide results in the formation of the 0 * 020.5 compound in 
small proportion, it seems difficult to account for the fact that the 
C'OgHg compound constitutes the main product, unless the simul- 
taneous formation of OAg salt is assumed. 

The author has been led to adopt the view that both types of silver 
salt are capable of formation and interaction simply by double decom- 
position, not only as affording the simplest explanation of the results 
obtained, but also because it seems to be in harmony with the state of 
ethyl acetoacetate as a tautomeric pair in dynamic equilibrium. A some- 
what important factor in the consideration of the mechanism of inter- 
action of an agent such as silver oxide and ethyl iodide with a mixture 
of dynamic isomerides, such as ethyl acetoacetate, is the speed with 
which the reaction once initiated proceeds. By analogy, it might 
reasonably be expected that the ease with which oxide of silver inter- 
acts with formation of OAg salt would be superior to that with which 
OAg salt is produced. If the rate of interaction of the ester, oxide, 
and iodide were slow, time would be allowed for the isomerisation of the 
ketonic form, so that the reaction would run a course parallel to that 
with diazomethane. The reaction, on the contrary, is very rapid. 
Admitting the e^stence of an affinity between ; oxide and ether 
tending to the production of the CAg salt, even were it considerably 
inferior to that tending to produce the OAg salt, little time is allowed 
for the ketonic form to undergo the isomerisation necessary for the 
production of the latter. Traube's observations (loe, cit.) of the rate 
of change of density in solution of ethyl acetoacetate indicate that 
comparatively large intervals of time are required for the establish- 
ment of the condition of equilibrium. That the state of equilibrium 
is not very greatly affected either by change of temperature or in- 
fluence of solvent is shown by Perkin's observations of electromagnetic 
rotation (Trans., 1892, 61, 808), and by Wislicenus’ colorimetric 
results {Annalm^ 1896, 291, 175; Ber., 1899, 32, 2839). 

By inference from the case of silver, provided the view here ex- 
pressed be accepted, it might be inferred by analogy that the constitu- 
tion of the sodium, and possibly also potassium, salts of ethyl aceto- 
acetate, should he represented as beldnging to the OM type. 
stress is laid upon such processes of inference. Prom the fact that 
occ^onally the sodium salt affords derivatives of both types, it might 
be argued that sodium salts of both types exist. In the author's 
opihioii, the mode of interaction of the aodio-ssit may depend in great 
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measure upon tbe mode of its application. Claisen's observation that 
the interaction of an alcoholic solution of ethyl sodioacetoacetate with 
ethyl chlorocarbonate leads mainly to the production of ethyl carbonate, 
suggests the conclusion that the alcoholic solution of sodium salt con- 
sists of a mixture in equilibrium of ethyl sodioacetoacetate, alcohol, 
ethyl acetoacetate, and sodium ethoxide : 

CH3-C(OISra):0H*CO2C2H5 + 02H5-OH 

CHg-CO-CHg-COgCgHs + OgH^-OKa. 

In such case, it is not easy to say which form of salt undergoes 
reaction. Supposing that a CE product should be formed prefer- 
entially, temporary formation of ONa salt would account for the 
ultimate reaction of all the ester in that sensa Nevertheless, it 
should be mentioned that dry ethyl sodioacetoacetate, although the 
action of iodine eJ^ects the elimination of sodium apparently in the 
C position, yields both O- and C-derivatives by interaction with ethyl 
chlorocarbonate, in which case it is also employed in the anhydrous 
form. A similar case is that of ethyl disodiodiacetosuccinate, which, 
by the action of iodine on the dry salt, yields ethyl diacetof umarate 
(Just, loe, cit. y compare Paal and Hartel, loc. cit,)y and, under similar 
conditions, gives ethyl bisbenzoyloxycrotonate by the action of benzoyl 
chloride (Paal and Hartel). The formation of f umarate occurs, how- 
ever, only to the extent of 5 to 10 per cent. Were a question of 
constitution under discussion, a complete answer to the question could 
only be given by accounting for the whole of the sodium salt used. 

The author’s thanks are due to Pi’of. Purdie for much valuable 
advice given during the course of this work. 

United Colleoe of St. Salvator and St. Leonard, 

St. Andrews. 


>—Uy dr osulphides. Sulphides, a7id Poly sulphides of 
Potassium and Sodium.^ 

By W. PoPPLEWELL Bloxam, B.Sc. 

In a paper entitled The Sulphides and Polys ulphides of Ammon- 
ium ’ (Trans,, 1895, 6V, 277), the author has given a statement of the 
results of his work in this field. The study of these compounds was 
continued after publication of this paper, but, owing to experimental 
difficulties, it was subsequently decided to abandon the further investi- 

* An abstract of a paper comanunicated to the Chemical Society ou Juue 1, 1899. 
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gation of ammonium polysulphides, and to attempt the preparation of 
those of potassium and sodium. 

The method adopted for the preparation of ammonium polysulphides 
{loc. cit., p. 300, et seq.) was applied to polysulphides of potassium and 
sodium, as it avoided the previous preparation of the monosulphides, 
KgS or NagS. It was found, however, that passage of hydrogen sul- 
phide through a solution of caustic potash or soda in contact with 
excess of finely powdered sulphur yielded a solution containing both 
polysulphide and thiosulphate. Moreover, at no observed degree of 
concentration or of temperature could the formation of thiosulphate 
be avoided. It was found that, excluding the current of hydrogen 
sulphide, when finely divided sulphur was digested with solutions of 
caustic potash and soda respectively, the products were in each, case 
polysulphide and thiosulphate. The difference in the behaviour of sul- 
phur on heating with solutions of caustic potash or soda, on the one 
hand, and ammonia on the other, seems to demonstrate that the con- 
centrated solution of ammonia (a) at the ordinary pressure and at 
temperatures up to its boiling point, reacts with regard to sulphur as 
one of NHgjAq, whilst (b) under pressure it reacts as one of 
and yields poly sulphide and thiosulphate. 

Solutions of the normal sulphides of potassium and sodium were 
therefore prepared. Quantitative and qualitative experiments proved 
the solutions to be free from excess of hydrogen sulphide, hydro- 
sulphide, or hydroxide. Solutions of each sulphide were warmed with 
excess of finely powdered sulphur, and deep red polysulphide solutions 
were obtained. In both cases, however, an evolution of hydrogen 
sulphide was observed, and as this could nob result from the action of 
sulphur on the monosulphides, KgS or NagS, a qualitative analysis 
(compare Ghem. Jfews, 1895, 72, 63) was made, and both solutions 
proved to contain polysulphide and thiosulphate. It follows, there- 
fore, that free caustic alkali is present in aqueous solutions of the 
monosulphides of potassium and sodium. Neither the analytical results 
nor the use of cupric sulphate solution (Trans,, 1895, 67, 289) gives 
any indication of the presence of free alkali or of hydrosulphide. 

The normal sulphides having failed as sources of poly sulphides, 
attention was now paid to the hydrosulphides. A solution of potass- 
ium hydrosulphide was prepared, and it was found that, on digestion 
with sulphur, hydrogen sulphide was evolved, and a red polysulphide 
solution obtained entirely free from oxidised sulphur. It is not a 
matter of indifference, therefore, as has been assumed by all previous 
workers on this subject, whether the normal sulphide or the hydro- 
sulphide is employed in the preparation of polysulphides. Only when 
the hydrosulphide is employed is the product free from oxidised sulphur. 

The complete paper contains a list of previous authors and the titles 
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of their papers, the list being arranged in chi-onological sequence. The 
following is a brief general criticism of this earlier work : 

(a) Oases where solution of the theoretical amount of sulphur was 
effected in aqueous solutions of the monosulphides, KgS or I^agS : 

(i) The authors could in no case have obtained the definite poly- 
sulphide desired, for the sulphur added was too small in quantity, no 
allowance being made for the undetected, bub simultaneous, formation 
of thiosulphate. 

(ii) From the mixture of polysulphide and thiosulphate so obtained, 
they could not have separated pure polysulphide; for although 
separately the thiosulphates of potassium and sodium may be described 
as insoluble in alcohol (Comey, “ Dictionary of Chemical Solubilities,’’ 
Inorganic, 475, 476), this is far from being the case when they are 
mixed with polysulphide. The author has been unable to find any 
solvent capable of efEecting the separation of thiosulphate from poly- 
sulphide. 

(iii) It is significant that in no single case does an author give 
details of the yield of polysulphide obtained. If crystalline products 
were obtained, they must have been mixtures of poly sulphides with 
thiosulphate, from which separation of one component in the pure state 
is not at present possible. Previous observers, however, do nob make 
mention of any difficulty in obtaining crystals, or of obtaining crystals 
of doubtful purity. An added element of doubt is the absence of de- 
scription of the properties of the -poly sulphides. 

(b) Cases where dry methods of preparation were adopted. 
The dry methods employed were still less favourable to success. The 
final product must always have been a mixtui’e, and invariably have 
contained oxidised sulphur, in some cases also carbonate, from which 
separation of the polysulphide is not at present possible. 

The critical consideration of the work of authors who claim to have 
obtained the whole range of polysulphides, and the repetition in many 
instances of their experiments with negative results, justified the con- 
clusion that up to the date of commencing the present work no single 
polysulphide of potassium or sodium had been obtained in the pure state. 
It was clear also that before any attempt could reasonably be made to 
prepare pure polysulphides, it was absolutely necessary to obtain the 
various sulphides and hydrosulphides of potassium and sodium, and to 
investigate their properties both in the solid state and in aqueous 
solution. 
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Sulphides and Hydeosulphides of Potassium. 

Preparation of Potassium Monosulphide* 

A concentrated aqueous solution of caustic potash was divided into 
two equal portions, one of which was saturated completely with 
hydrogen sulphide, and the second portion added to it. On concentra- 
tion in a vacuum over calcium chloride, small, white, glass-like, 
tabular crystals were deposited. These did not correspond in appear- 
ance with the description of the crystals of given by Schone 

\{Pogg* Ann*^ 1867,131,380), and on analysis yielded the following 
results ; 

E: = 23*34 j S = 9‘85; HgO (diff.) = 66-81. 

K2S,12H20 requires K- 23 *92 ; S = 9-82; H20 = 66-26 per cent. 

This hydrate, however, has not been obtained again during the 
series of experiments. The mother liquor yielded, on further con- 
centration, a large crop of crystals of a different form which, drained 
free from the red mother liquor, were colourless, brilliant, four-sided, 
flat rhombs, and very deliquescent in air. On analysis, the following 
results were obtained : 

38*42 16*96; H20-46*62. 

K2S,6H20 requires 39*00 ; 8 = 16*00 ; 45*00 per cent. 

Production qf Dihydrated Potassium Monosvdphide^^^^P^^* 

The clear, glass-like crystals of K2S,5H2G, when exposed in a 
vacuum over sulphuric acid, rapidly effloresced, and when powdered 
repeatedly and exposed over the acid in a vacuum, eventually yielded 
a product giving concordant analytical results : 

K = 53*20; 8 = 21*52; HgO (diff.) = 25*28. 

K28,2H20 requires K!=53*42 ; 8 = 21*91 ; £[30 = 24*67 per cent. 

In appearance, dihydrated potassium monosulphide closely resembles 
granulated calcium chloride. 

Stability of Potassiwn Monosulphide towards Heat 

Crystals of pentahydrated potassium monosulphide, KgSjSHgO, were 
placed in a small fractional distillation flask and subjected to the 
'action of heat. The salt melted at about 60®, and heating was con- 
tinued -until tranquil fusion was attained. The final temperature 
reached was beyond the range of the nitrogen mercury thermometer 
employed (560®)v Ouly a. trace of hydrogen sulphide was evolved 
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throughout the process. On cooling, the fused mass was red and 
deliquesced freely. It proved to be free from both poly sulphide and 
oxidised sulphur ; it also reacted with cupric sulphate solution as the 
monosulphide. Potassium monosulphide, therefore, is stable at a low 
red heat. 

This degree of resistance to decomposition on heating, together with 
the observed action that sulphur, when gently warmed with the 
crystals, forms polysulphide and thiosulphate, suggested that the 
crystals might be tetrahydrated potassium hydroxyhydrosulphide, 
KB[S,K0H,4Il20.* Such a compound would reasonably be expected 
to be stable at a high temperature, and its observed behaviour with 
sulphur would also be intelligible. Distinction between the compounds 
KgSjhHgO and KSH,K0H,4H20 could not be effected by the use of 
reagents, but could be drawn by determining the quantity of water 
expelled from the salt on heating* 

The crystals heated in a current of dried hydrogen lost 45*10 per 
cent, of water, as against 45*0 per cent, required for 'K2S,5H20. They 
consisted, therefore, of pentahydrated potassium monosulphide. 

AUemj>t$ to Prepare Potassium Hydrosulphide in the Dry Way, 

Unsuccessful attempts have been made by Baur {J, pr, Chem,, 1858, 
75, 246) and Sabatier (Ann. Ghim, Phys,, 1881, [v], 22, 1) by the 
action of dry hydrogen sulphide on heated potassium carbonate. The 
present author failed to obtain it by passing hydrogen sulphide through 
molten potassium carbonate. The product had the composition 
4KHS,h[2S, and, notwithstanding the prolonged passage of the gas 
through the molten material, 3*8 per cent, of potassium carbonate 
was still left undecomposed. ^Attempts to prepare potassium hydro- 
sulphide, KHS, by the action of hydrogen sulphide on fused potassium 
hydroxide do not seem to have been made previously. Hetorts of 
special Jena glass were obtained, provided with a tube ground in at a 
right angle to serve as inlet for the gas, and proved su6Siciently 
resistant to the action of alkali. As a result, admixtures of sulphide 
and hydrosulphide were obtained— for example, El 2 S,E.HS and 
SKgS.KHS, but the author failed to obtain potassium hydrosulphide. 
The preparation of anhydrous potassium hydrosulphide therefore does 
not seem to be practicable in the dry way. 

Preparation of Hemihydrated Potassium Hydrosulpliide, 

Two hundred grams of caustic potash were covered with 100 grams 
of water, and the temperature raised to 90°. Saturation with hydrogen 
sulphide was effected at this temperature, the gas being rapidly 

*. Compare Ca(SH)OH, described byUivers andShimidzu (Trans., 1884, 45, 270) 
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absorbed and the hydroxide passed completely into solution. On 
cooling, a few cubic centimetres of a strong solution of potassium 
hydroxide were added to the solution placed in a wide-mouth stoppered 
bottle, the stopper replaced, and the bottle and its contents shaken. 
In this way, any free hydrogen sulphide was removed. Precipitation of 
iron sulphide, &c., was observed, and, on filtration through a cotton-wool 
plug, a perfectly bright, brownish-yellow solution was obtained. On 
concentration in a vacuum over sulphuric acid, a crop of fine, dust-like 
crystals separated, which resembled those of ammonium chloride 
rapidly deposited from a concentrated solution. The salt is very 
deliquescent, rendering it most difficult to isolate a satisfactory product 
for analysis. The following results were obtained on analysis : 

E:=: 49-78; S- 39-29; HgO + H (diffi) = 10*93. 

KHS,JH20 requires K = 48*15; S- 39*51 ; HgO-P H = 12*34 per cent. 

Preparation of Anhydrous Potassium Hydrosutphide, 

The method of preparation here employed was suggested to me by 
Dr. Scott, who had prepared anhydrous sodium hydrosulphide in a 
similar fashion. In outline, it consists in passing hydrogen sulphide 
through rectified ether,* in which is placed metallic potassium. 
Hydrogen is rapidly evolved from the surface of the metal, which 
remains quite bright throughout the operation, and potassium hydro- 
sulphide separates as a snow-white powder. The product is washed 
with rectified ether, and on drying in a vacuum oyer sulphuric acid, 
is obtained as a very slightly yellow, dust-like, crystalline powder, 
deliquescio-g with extreme rapidity on exposure to air. As the result 
of several analyses : 

H (mean value) = 53*49. KHS requires !K = 54*17 per cent. 

This method of preparation of potassium hydrosulphide is much 
more rapid and convenient than that employed by Sabatier (loc. cit),, 
who dehydrated the crystalline hydrosulphide by heating the crystals 
in a current of dry hydrogen sulphide. 

Stability of Potcmium Eydrosidphide towards AeaU 

The method employed was similar to that used in the case of 
potassium monosulphide (p. 756), with the exceptions that the 
J fractional distillation fiask was heated in a bath of melted solder, and 
the bulb of the nitrogen mercury thermometer was placed in a 
tube bf Jena glass immersed in the melted solder. At 

* If f&lhejp alcohol he employed, the product will he contaminated with 

o^dation products ©I potaiKinm ethoxide* 
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450®, fusion was observed at the edges of the crystals, and at 510® was 
complete and tranquil. Heating was continued to the upper limit of 
the thermometer, 660®, but no evolution of gas was observed. Thus 
the change expressed by the equation 2KHS=5K2S -t-HgS is not 
effected at temperatui^es below 560®. Potassium hydrosulphide is 
therefore stable on exposure to heat, and, in this respect, will bear 
comparison with its oxygen analogue KOH. The melting point of 
the hydrosulphide was next determined, employing a nitrogen mer- 
cury thermometer, previously standardised in the vapour of boiling 
sulphur, and as a mean of three determinations was found to be 455®. 

Stahility oj KgSjSHgO and KHSjJHgO on Exposure to Air. 

Previous observers unite in regarding these salts as unstable, and 
therefore to be preserved from contact with the air. In the progress 
of the present work, the following facts were established. Both salts 
are, it is true, exceedingly deliquescent, but if exposed to air, free from 
carbon dioxide, they do not evolve hydrogen sulphide. Carbon dioxide 
acts rapidly on the salts or their aqueous solutions, with evolution of 
hydrogen sulphide and formation of the corresponding carbonates. 
Experiments were also made to determine whether these salts were 
affected by moist oxygen free from carbon dioxide. As a result, very 
slight absorption of oxygen was observed with each. In both cases , 
the salts remained quite white, no polysulphide being formed. 

In the case of the pentahydrate, K2S,5H20, the main product of 
oxidation was sulphite j no thiosulphate could be detected, and a trace 
only of sulphate. In the case of the hemihydrate, KHSjJHgO, how- 
ever, the main product of oxidation was found to be thiosulphate ] no 
sulphate could be detected, and a trace only of sulphite. Similar 
results were obtained by slowly passing a stream of oxygen, free from 
carbon dioxide, through aqueous solutions of each salt. These results 
^ in opposition to the current statements that, on exposure of these 
salts, or their solutions, to air, polysulphides are formed and hydrogen 
sulphide is evolved : statements which are true only if the air contains 
carbon dioxide. 

Change effected <m hoUing Agmous Solutions of Eotassivm SvAphiffe and 

Hydromlphide, 

Several conflicting statements are to be found on this subject. Of 
earlier observers, Gay Lussac and Berzelius {Ann, Chim, Phys,, 1821, 
20, 34) believe that solutions of potassium hydrosulphide do not de- 
compose on boiling. Berzelius, in fact, recommends boiling, to free 
the solution of hydrosulphide from excess of hydrogen sulphide, and 
according to him, solution of potassium hydrosulphide can be evapor- 
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ated without decomposition. Th4nard, on the other hand, asserts 
(Ann, de Gkimie^ 1812, 83, 133) that the hydrosulphide decomposes on 
boiling. Schbne states (loc, cit.) that after boiling a solution of 
potassium hydrosulphide for 1 J hours, it is for the most part decom- 
posed into monosulphide, and regards it as possible that in this way, 
not only is monosulphide formed, but that the decomposition goes 
further. Solutions of the so-called monosulphide lose hydrogen 
sulphide continually on boiling, although only very slowly and with 
difficulty, so that, according to Bchbne, the conclusion may be drawn 
that on continuing the boiling long enough, all hydrosulphide, mono- 
sulphide, or hydroxyhydrosulphide would be transformed into 
hydroxide. 

To test these various and conflicting statements, aqueous solutions 
of the sulphide and hydrosulphide, of 20 per cent, concentration, 
were boiled, in the first instance, in air, but later, in a current of 
hydrogen, to eliminate the influence of the action of the air. Twenty 
per cent, solutions were employed in order that the results might be 
compared with those previously obtained by Walker (Proc, Roy, Soc, 
Edin., 1894, 20, 255). 

On boiling a 20 per cent, solution of the pentahydrate, KgSjSHgO, 
for 2| hours in contact with air, the evolution of hydrogen sulphide 
was negligible, and the solution contained only traces of polysulphide 
and sulphite and very little more thiosulphate. A similar solution, 
boiled for 1| hours, while hydrogen was led through it, evolved only a 
trace of hydrogen sulphide. Thus Schone's statement is incorrect, and 
the stability, on boiling, of a 20 per cent, aqueous solution of this 
hydrate is established. 

In similar fashion, a 20 per cent, solution of was boiled. 

The solution contained 18T 236 grams of crystals dissolved in 72*49 
grams of water, and was boiled vigorously for hours in a current 
of hydrogen, the escaping gas being led through copper sulphate solu- 
tion. The amount of sulphuric acid liberated was 0’231 gram, equi- 
valent to 0*080 gram of hydrogen sulphide, and corresponds to a 
destruction of 0*191 gram of KHS,|H20, or of 1*05 per cent, of the 
total salt present. The result of this experiment is opposed to the ex- 
perience of Schbne, who found that a solution of potassium hydro- 
sulphide (of which the concentration is not stated), after boiling for 
1 J hours, is for the most part decomposed into monosulphide. 

It follows, then, that although a solution of potassium hydrosulphide 
is not so stable on boiling as one of potassium sulphide of the same 
concentration, the rate of change on boiling is very slow, and that 
neither of the equations 

2KHS - KgS-i-HgS; 2 KHS + 2 H 2 O = 2KOH-i.2H2S 
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put forward as expressing its mode of decomposition under these 
conditions can be accepted. 

Sulphides and Hydeosulphides of Sodium. 

A considerable amount of work has been published on these com- 
pounds by Berthier (Ann. Ghim. Phys., 1822, 22, 225), Kirchev 
(Annalm^ 1839, 31, 339), Mnger (Fogg. Ann., 1866, 128, 635)» 
Sabatier {loc. cit.) and others, but from the present summary a criticism 
of the results obtained by these authors is excluded for the sake of 
brevity. 

Preparation of Sodium Monosulphide, 

This preparation was effected, on the lines recommended by Finger 
and by Sabatier, by saturating a concentrated solution of caustic soda 
with hydrogen sulphide. One hundred grams of caustic soda (prepared 
from sodium) were dissolved in 100 grams of water. On passing 
hydrogen sulphide into the solution, needle-like crystals were deposited 
in considerable quantity (compare Finger and Sabatier). These could 
not be hydrosulphide, as the quantity of gas which had passed into 
the solution was altogether insufficient. Further, if the crystals were 
those of hydrosulphide, it would be necessary to assume : — (a) that it 
is the first product of the reaction, (6) that it is practically insoluble 
in solution of caustic soda. The crystals might be those of hydrated 
sodium monosulphide (compare Finger and Sabatier) or might have 
the composition ITagSjicJTaOH. On continuing the current of gas, 
the crystals dissolved before saturation was complete ; thus it 
seems probable that they are of the latter type, and it is noteworthy 
that subsequently (p. 764) crystalline substances of this character 
were isolated. The flask and its contents were left undisturbed for 
three days, when large, colourless, octahedral crystals were deposited. 
Some of these were examined and found to consist of the enhea- 
hjdrate !Na2S,9H20 (compare Finger and Sabatier). Solution b! 
the main portion of the crystals was now attempted by addition of 
hot water and application of heat. Two kinds of crystals were ob- 
served to be present during the progress of solution (compare Finger 
and Sabatier), Through the hot liquid still containing crystals, 
hydrogen sulphide was passed^ until solution was complete and the 
gas ceased to be absorbed. To the solution, which was now presumably 
one of sodium hydrosulphide, was added 100 grams of powdered 
caustic soda, which dissolved with considerable evolution of heat, and 
when cold the whole was concentrated over sulphuric acid under 15 
mm, pressure. Crystallisation, from a supersaturated solution, oc- 
curred during the night, particles being projected on to the glass bell 
jar. Solution was again ejected by addition of small quantities of 
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hot water. On further concentration over sulphuric acid under 15 
mm. pressure, no crystals were obtained during 24 hours. Air was 
therefore admitted to the receiver and some of the solution withdrawn 
in a pipette. On transference to a test tube, crystallisation took place 
and some of the crystals were used as nuclei for the main solution. 
Eapid crystallisation followed, in radiate masses of prismatic forms, 
altogether unlike the octahedra previously obtained. Analysis of these 
crystals gave the following results ; 

Na = 18-89 ] B- 12*99 ; H20 .(diff.)-68*12. 

Na2S,9H20 requires Na — 19*16 ; 8 = 13*33; H20 = 67*51 per cent. 

The crystals were accepted as another form of the enneahydrate, 
and on keeping them under the mother liquor they changed into the 
ordinary form of octahedra, !Finger and Sabatier obtained crystals, 
under similar experimental conditions, undergoing transformation 
into the stable octahedra. To these, the following formulse were 
given : K'a2S,5H20 (Sabatier), and Na2S,6H20 (Finger). It is possible 
that a series of unstable lower hydrates of sodium monosulphide 
may exist, all passing into the stable octahedral form by further 
hydration. The author has not obtained either of these hydrates, 
and, but for the analytical data, given by Sabatier and Finger, would 
be of opinion that the unstable salt had, in all cases, the composition 
Na2B,9H20. 

Na^S,9H20 

The author finds himself in agreement with Walker {loc. cit,), who 
states that the crystals of lTa2S,9H20 do not evolve hydrogen sulphide 
in air free from acid, and that, at the ordinary temperature, a solution 
of sodium monosulphide does not smell of this gas. The account of 
Walker’s experiments with a 20 per cent, solution of this hydrate, 
boiled in a current of hydrogen, is not accompanied by figures to show 
the loss of hydrogen sulphide. 

The following are the figures obtained by the author. 17*469 grams 
of Na2S,9H20 were dissolved in 69*84 grams of water. In the cold, a 
current of hydrogen did not carry off hydrogen sulphide from the 
solution, and on boiling for 25 minutes only a trace of copper sulphide 
was deposited. The acid so liberated from copper sulphate solution 
amounted to 0*0318 gram £[3804= 0*011 gram HgS, indicating that 
0*435 per cent, of NagBjOHaO had been decomposed. The salt is then 
slightly less stable than one of K2S,6H20, under the same conditions 
(p. 756). * 

From the observed rate of decomposition of a 20 per cent, solution 
of lSra^,9B[20, it would be necessary to boil it for an infinitely long 
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period in a current of hydrogen to completely decompose it in the 
sense: I^agS + 2 K 2 O = 2I^aOH + HgS. 

Attempts to x>Te2)are Sodium SydrosulpMde, 

Sabatier (foe. cit.) claimed to have prepared the hydrosulphide NaHS 
by acting on crystals of iTagS^OHgO with hydrogen sulphide, but the 
author, following his process, has failed to obtain it. The crystals of 
]Nra2S,9H20 do not absorb hydrogen sulphide at all rapidly, even when 
finely powdered and agitated with the gas, and progressive dilution 
with small quantities of water does not ensure its absorption. The 
behaviour of the crystals is comparable with that of the compound 
(NH[4)2S,2NH4HS in similar circumstances (Trans., 1895, 67, 284). 

When about four volumes of solution were present for one volume 
of the original crystals of Na2S,9H20 the gas current was maintained 
for 4 hours and an examination made of the product obtained. On 
concentmtion over sulphuric acid in a vacuum, plate-like crystals 
were deposited, which resembled in general appearance the crystals of- 
(NH4)2S,2NH4HS, previously referred to. On analysis, the following 
results were obtained : 

N'a = 26*20; S = 19‘17. ITaHS (Na = 26‘20 per cent.) requires 
S = 36*41, !N’a 2 S (l:Ta = 26‘20 per cent.) requires S = 18*23. 

The salt has approximately the composition NagS, but, by its action 
on cupric sulphate solution, is found to contain some hydrosulphide, 2*32 
per cent, of the total sulphur being present in this form. The propor- 
tions correspond to those required for a compound 7Na2S,KaHS,40H2O, 
which requires Na= 26*09 ; S= 19*36; H = 0*07; H20 = 54*48 per 
cent. The failure of crystals of lTa2S,9H20 to take up hydrogen 
sulphide to form 2NaHS, and the similar failure, even in the case of 
aqueous solutions of sodium monosulphide, l^agS, taken together with 
the formation of intermediate products observed during saturation of 
aqueous solutions of caustic soda with hydrogen sulphide, bear a con- 
siderable resemblance to the phenomena observed when ammonia 
solution is saturated with hydrogen sulphide. This observation is the 
more remarkable, for nothing of the kind was noticed during the 
saturation of solutions of caustic potash with the ga& 

As the system ]:^a2S,9H20, in the solid state, and at the temperature 
of the air, is proof against attack by hydrogen sulphide, and as only 
a very small proportion of 27aHS was formed at the ordinary tempera- 
ture on increasing the amount of water very considerably, experiments 
were now made to test the effect of increase of temperature on the, 
absorption of the gas. The crystals of !N’a2B,9Br20 commenced to melt, 
when heated to 53° and were completely fused at 80°, The subst 9 it¥Je 
go melted was kept at 85° and saturated with hydrogen sulphide,. 
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relation Na/S, determined in the solution, was found to be that 
required by NaHS, the figures showing only a slight deficiency of 
0*19 per cent, of sulphur. 

Action of Hydrogen Sulphide on a Solution of approximately the 
Composition 2Na0H,7H20, kept at 0° 

The strength of the solution of caustic soda was suggested by the 
consideration that a solution of the concentration Na^SjOHgO, main- 
tained at 86®, takes up hydrogen sulphide in accordance with the 
equation l^a2S,9H;20-f-H20 = 21TaHS-b9H20. Proceeding from a 
solution of* caustic soda to one of sodium hydrosulphide, we have the 
following relation : 

2NaOfI + THgO + 2 H 2 S ^ 2NaHS + QHgO. 

A solution of the composition 2];TaOH H- THc^O would contain 38*83 per 
cent, of caustic soda ; that employed contained 36*91 per cent. From 
the first, on passing the gas, plate-like crystals were deposited, and 
their formation continued until a semi-solid mass was obtained. The 
current of gas was continued until saturation was effected, but the 
crystals did not dissolve. After separation from the mother liquor, they 
dissolved readily in water, did not smell of HgS, and, on testing with 
solution of cupric sulphate gave a filtrate which was free from acid, 
whilst the precipitate contained cupric hydrate, Cu(OH) 2 . The 
crystals therefore contain free NaOH, and must be of the type 
NaOHjNaHS^ajlTaOH or lsra 2 S,£B]SfaOH, The main portion of crystals 
was dissolved in water, and the solution, on analysis, gave numbers 
which showed : 

(i) That there was not sufficient sulphur presn^t for the formation 
of sodium monosulphide, l^agS. 

(ii) That of the total sodium, 79*60 per cent, was present as sodium 
monosulphide, and 20*40 per cent, as caustic soda. 

From these figures are obtained the empirical numbers 1*730/0*887, 
or, in whole numbers, 2/1. The constitution of the crystals is then 
(Na2S)2^(NaOH) a;, of which the simplest expression is 2 Na 2 S,NaOH, 

As the result of the foregoing experiments, it follows that, if sodium 
hydrosulphide could be obtained at all by direct saturation of solutions 
of caustic soda with hydrogen sulphide, the solution must be dilute and 
saturation effected in a hot solution. 

Preparation of Sodium Hydrosidphide hy Saturation of Solution of 
Sodium Hydroxide containing 27*82 per cent, of NaOH with 
Hydrogen Sulphide at 100®. 

This strength of solution was selected as being within the limits of 
2Ka0H,9H20, which would contain 33*04 per cent, of NaOH, The 
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gas was rapidly and completely absorbed, and no deposition of 
crystals was observed. Analysis of the saturated product showed it 
to be one of sodium hydrosulphide. 

Na= 12*91 ; S = 17'84 per cent. 

NaHS requires S= 17*94 for !N‘a = 12*91 per cent. 

From this solution, on concentration in a vacuum over sulphuric acid, 
brilliant, prismatic crystals were obtained, which, on analysis, gave the 
following results : 

Na = 24*88 5 S = 34*01 ; H=l*07; 40*04. 

NraHS,2H20 requires Na- 25*00; S = 34*78 ; H- 1*09 ; 39*13 

per cent. 

Dihydrated sodium hydrosulphide is stated to have been obtained 
previously by Sabatier (loc. cit,). On keeping the prismatic crystals 
under their mother liquor, they are transformed into large, colourless, 
lustrous rhombs. The results of analysis showed that the crystals 
were those of a trihydrate. 

Na- 20*59; S-29*15; H = 0*89; HgO* 49*37. 

KaHS,3H20 requires Na«20*90; 8 = 29*09; H = 0*92; H 2 O = 49*09 

per cent. 

Of the two crystalline hydrosulphides, the trihydrated salt is to be 
regarded as the more stable form. 

Experiments were made on the stability of crystals of l?‘aHS,3H20 
with regard to heat and on the stability of aqueous solutions of sodium 
hydrosulphide, with results which may be briefly described, Trihydr- 
ated sodium hydrosulphide melts at 22°, and when heated at 360° loses 
20*53 per cent, of its sulphur. Experiments were made with 20 per 
cent, aqueous solutions in the manner described for potassium hydro- 
sulphide (p. 760), and it was found that the sodium compound is the 
less stable, although it is not true, as has been repeatedly stated, that 
a; solution of sodium hydrosulphide, on boiling, becomes converted into 
one of the monosulphide, Na 2 S. 

Constitution of Aqusous Solutions op the Solphioes and 
HyOsosulphides of Potassium and Sodium. 

It has been already stated (p. 754) that, as a source of polysulphides 
it is not a matter of indifference whether a solution of normal sulphide 
or of a hydrosulphide be used as a solvent for sulphur. Sulphur by its 
action reveals a vital distinction existing between the two solutions, as 
in the first case poly sulphide and thiosulphate are formed, in the second 
case polysulphide only. This fact had not been recognised by any 
previous workers on polysulphides, and in consequence their procedure 
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was faulty (p. 755). It is sufficient to say that the action of sulphur on 
aqueous solutions of sulphides and hydrosulphides of potassium and 
sodium is due to the fact that, whilst the normal sulphide becomes, as 
a result of hydrolysis, a mixed solution of hydrosulphide and hydroxide, 
the hydrosulphide exists in solution unaltered (Walker, loc, cit). From 
these considerations, it follows that, as sources of polysulphides, aqueous 
solutions of normal sulphides of potassium or sodium are altogether 
unsuitable, and that the only source of polysulphide available at 
present is the solid hydrosulphide or its solution. 


Attempted Prepwration of Polymlphides of Sodimn. 

Attempts were made to obtain the various disodium polysulphides 
reputed to exist, namely, KagSg j ; l!la2S4; ilagSg. In no case, 

however, was any product obtained corresponding to these salts, when 
the calculated amounts of sulphur were dissolved in solutions of sodium 
hydrosulphide, under the influence of heat and during the passage of 
a current of hydrogen sulphide. In one case only was a positive 
result obtained and under the following experimental conditions,* the 
object being to prepare disodium pentasulphide. 

One hundred grams of a solution of sodium hydrosulphide (contain- 
ing 20 ‘6 per cent, of sulphur) were treated with 41 *2 grams of sulphur, 
being the theoretical amount necessary for the reaction : 2l!TaHS + 
S4 S3 NagSg + HgS. On heating, nearly all the sulphur was dissolved, 
but on cooling a large quantity separated. This was removed by 
filtration from the viscous liquid, which, on standing, did not yield 
crystals. On analysis of the solution, the following results were 
obtained, indicating that it is one of tetrasodium enneasulphide, 

lla = ll'82 ; S (total) = 3648 ; S (polysulphide) = 27*65 per cent. 

Taking the total sulphur found, 36*48 per cent, as the basis of 
calculation, 


requires ITa = 11*65 ; S (polysulphide) — 28*35 per cent. 

The solution, when cooled to - 22*^ by immersion of the flask in a 
freezing mixture, gave no crystals- It was therefore further con- 
centrated by heating in a current of hydrogen sulphide, and on cool- 
ing, crystals were obtained which, on analysis, yielded the following 
results : 


Ha— 14*64; S (total) = 45*1 8 ; S (polysulphide) = 34*71 ; H20=s 
40*18 per cent, 

Na4S^14H20 requires S (total) = 46*56 ; S (polysul- 

phidet) = 35^44; HgO — 39*89 per cent. 


^ by Locke and Austell {Amer. Ghem: 1898, 20, 692) appeared 

' this portion of the work. 
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This compound for the present stands alone, the author having 
failed to obtain any other polysulphides of sodium, a result which is 
remarkable, as the method employed in the case of potassium hydro- 
sulphide yielded a series of polysulphides. 

It is to be noted that the salt obtained is analogous to the 
ammonium poly sulphide, (NB[ 4 )^Sg, obtained previously. Also that the 
formula cannot correctly be written on the type of a disodium poly- 
sulphide, for the sulphur relations existing in the salt are expressed 
by Na^S^-S^. 

Prepamtion of Potassium Poly sulphides* 

These preparations were made by acting on solutions of potassium 
hydrosulphide with sulphur. Two distinct series of experiments 
were conducted. 

Series /, in which sulphur, in calculated quantity, was digested with 
solution of potassium hydrosulphide, and hydrogen sulphide passed 
through the hot solution, concentration being effected by boiling in a 
current of the gas. 

S&i^s //, in which sulphur, in calculated quantity, was digested 
with solution of potassium hydrosulphide, concentration being effected 
in a vacuum over sulphuric acid. 

The results of both series of experiments are given in the table 
(p. 768). In the left hand column are found the formulae of the products 
obtained,^ arranged in order of their sulphur values, commencing 
with K^Sjq and ending with K^S^. 

Kef erenee to the middle column will reveal the object with which 
the experiment was made, and furthermore, whether the experiment 
belongs to Series I or 11. 

The following remarks are made on the results of experiments 
grouped together in the table. 

(1) The highest product obtained by direct solution of sulphur in 

potassium hydrosulphide is K^Sp, and of this both a solution and 
crystals are obtained (see and y). Sufficient sulphur is taken up 
on heating to form but some is deposited on cooling, leaving a 

stable solution of K 4 S 9 (see /?). 

(2) If, however, concentration of a hot solution of is effected 

* The old conception of diammonium, disodium, and dipotassium polysulphides is 
abandoned, and all the polysulphides are held to be of the same character, namely, 
tetrammonium, tetrasodium, or tetrapotassium compounds. This step is, in the 
author’s opinion, rendered necessary by the existence of certain definite polysulphides, 
whose compositiou cannot be expressed by formulfle written on the type M'2Sa-. 
Thus, we have representatives of this class in the case of all three metals; 
(NH4)4S.7 and (NH4)4S0-, Na4Sg, and K4S5 and K4S9, 
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Expt. 

Sulphides 

obtained. 

Object and method of 
experiment. 

Kern arks. 

(«) 

1^4810, iUHgO 

KHS + S (excfss). 

I. Concentration in current 
of HaS. 

A solution of K4S10 obtained, 
and from it crystals of 
K48jQ,£eH20. 

w 


KHS + S(forK 4 Sio). 
il. No current of H2S, 

All sulphur dissolved on 
heating, but deposition of 
sulphur on cooling. Solu- 
tion of K4S9, and crystals 
of K4Sg,a5H20, from it. 

(7) 

h‘ 489 ,^‘H 2 ^ 

KHS + S (excess over re 
quirements of K4S10). 

It. No current of 

Crystals of K4S9,a;H20, ad- 
mixed with sulphur. On 
exhaustion with carbon di- 
sulphide K4Ca,a3H20, yield- 
ed K4S5,10 HoO. 

(8) 

: K 4 Sa, 6 H 20 

i 

KHS + S (for K4S5). 

11 . No current of H^S. 

Only 50 per cent, of KHS 
active. K4S8, yields K4S5 
on treatment with CS2. 

w 

£485,61120 

K 488 , 19 H 20 

1 

KHS + S (for K4S8). 1 

1 . Concentration in current 
of HoS. i 

. ■ . i 

K4S8,6H20, yields, on re- 
crystallisation from alcohol, 

; K 4 S 8 , 19 H 20 . 



K4S, 

(approx.) 

KHS + S (for K4S6). 

I. Concentration in current 
ofHaS. 

1 Product obtained higher 
than that for which sulphur 
added was suffieient. 

(77).;...: 

KaS« 

(approx.) 

KHS + S (for K4S4). 

L Concentration in current 
ofHgS* 

Product obtained higher 
than that for which sulphur 
added was sufficient. 


by passage of hydrogen sulphide, then a solution of is obtained, 

and from it crystals of K4SiQ,ajIl20, (see a). 

Here some explanation seems to be required to account for the 
formation of a higher polysulphide than can be obtained by direct 
solution of sulphur in potassium hydrosulphide. It has been re- 
peatedly observed that hydrogen sulphide rapidly decomposes poly- 
sulphides, if passed through a cold solution, sulphur being copiously 
deposited and potassium hydrosulphide formed. If, however, hydrogen 
sulphide is passed through a hot solution of a poly sulphide, no de- 
position o£ sulphur is observed, but the depth of colour is increased^ 
The necessary explanation may be found in these facts, and it is 
7 . j^^ested that, in the experiments a under consideration, some 


POLYSULPHIBES OF POTASSIUM AND SODIUM. 


760 


potassium hydrosulpHde is formed on passage of hydrogen sulphide 
through a hot solution of K^S^, and that the liberated sulphur, at the 
moment of its separation, is taken up by unaltered X^Sg, forming the 
higher compound 

(3) It is to be noted that in all cases the polysulphide obtained is 
richer in sulphur than that for which the sulphur added was sufficient. 
This requires elucidation and two suggestions are made : 

(а) All the sulphur added unites selectively with a portion only of 
the potassium hydrosulphide, forming a higher polysulphide than was 
designed in the experiment, and leaving potassium hydrosulphide in 
solution unaltered. 

(б) That the formation of the higher polysulphide is due to the 
action of the current of hydrogen sulphide on the poly sulphide first 
formed (see paragraph 2). 

(4) It is evident on considering the results of experiments a, e, tj 
(Series I), that it is not possible to discriminate between (a) the first 
product obtained on dissolving sulphur in potassium hydrosulphide, 
and (6) the condensing effect of the current of hydrogen sulphide 
on the polysulphide fiirst formed. 

(6) Attention may now be directed to the experiments of Series II, 
(see /?, y, 3), in which no current of hydrogen sulphide was employed. 
Turning to the experiment marked S in the Table, the intention was 
to produce K^Sg, for which the sulphtir added was sufficient. As a 
matter of fact, the product ohtamed was K4S3, and 60 per cent, of the 
hydromlphide was found unaltered after solution of the sulphur had 
been effected. The following equations represent (i) the action ex- 
pected, (ii) the change which actually took place. 

(i) 4KHS-f.S2=:K4S5-FH2S 

(ii) 8KHS-fS6 = K4S8 + 4KHS + 2H2S. 

The validity of the latter equation seems to be established, for the 
proportion 'KJBB/B on the left hand side was that existing in the ex- 
periment 8 (see Table) ; and, of the three items on the right hand 
side, two were definitely established, the existence of and the 
shrvival unaltered of 60 per cent, of the original hydrosulphide. It 
would follow then, from the fact that this proportion remains unaltered, 
that, by natural selection, imder the given experi^entai conditions, 
the relation of the reacting materials is not that of the latter equation, 
but the simpler one : 4ElHS-p Sg=K^S8 + 2jB[2S. 

(6) As the result of treatment of crystals of K^Sg and ^483, with 
carbon disulphide, alower polysulphide, K4S5,10H2O, has been obtained, 
which resists further removal of sulphur by this solvent. 

Furthermore, FI4S5 is a stable polysulphide, mustard-yellow in colour, 
easily and completely soluble in water, and in it the following relation 
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exists, that is, of the five sulphur atoms, three are in the polysul- 

phide position. There seems, then, good reason for suggesting that the 
prme ‘product^ in the case of potassium polysulphides, is tetrapotassium 
pentasulphide^ and that the other crystalline polysulphides ob- 
tained are solid solutions of sulphur in this substance. 

(7) Begard must also be paid to the fact that the polysulphides of 
ammonium and sodium are of the same degree of complexity, which 
seems to indicate that the source of this complexity is iniM sulphur 
mohcude itself. Now, it has long been held as a fact that sulphur, at 
temperatures above its boiling point, possesses a vapour density corre- 
sponding to a molecular formula of Sg, and that only as the tempera- 
ture rises to 860 — 1040®, does it conform to the type During the 
past few years also, certain papers have appeared dealing with the 
molecular weight of sulphur in solution (compare Paternb and Nasini, 
Ber., 1888, 21, 2153; Beckmann, Zeit. physikal, Ghem,^ 1890, 6, 76 ; 
Hertz, ihid,^ 1890, 6, 358 ; Guglielmo, Real, Accad, Linc,^ 1892, ii, 210 ; 
OrndorfE and Terrasse, Armr, Chem. J,, 1895, 18, 173), and as a result of 
this work, the molecule of sulphur is stated to exist in solution as Sg, 
Sg, or Bg. 

Now the simplest expressions that can be written involving the 
action of such molecular groupings, and limited by the observed 
experimental behaviour of potassium hydrosulphide, are as follows : 

(1) 8KHS + Sg-2K4S5 4 - 4 H 2 S. (2) 4KHS + S8= K^Sg + 2 H 2 S. 

(3) 4K:h‘S+Ss- K^Sio+2H2S. (4) + + 

Of these reactions, (2) and (3) have been already obtained, but for 
(1) and (4) the experimental conditions are not yet known. 

A small portion of this work was carried out at the Eoyal Naval 
College, Greenwich, with the aid of Dr. W. J. McKerrow, and the 
remainder in the Davy-Faraday Research Laboratory of the Royal 
Institution. The author^s thanks are given to the Managers of the 
Royal Institution for this privilege, and to Dr. A. Scott for kindly 
criticism and advice received during the course of the investigation. 

The Davy-Faeabay Rbseaeoh Laboeatory 
OF THE Royal Institution. 

* Biltz (Rer., 1888, 21, 2013) does not, however, consider that the existence of 
gaseous molecules Sg can be established. He finds the vapour density varies 
gradually with the temperature. 
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LXVL — Chlorine Derivatives of Pyridine, Part VL 
Orientation of some Chloraminopyridines. 

By W. J, Sell, M.A., F.E.S., and F. W, Dootson, M.A. 

During tlie progress of tlie work an account of wMch has been 
given in this series of papers, a number of chloraminopyridines have 
been isolated and described, the structural formulse of which are but 
very incompletely known. These compounds, so far as they have been 
examined, are remarkably stable, and although the fusing points in some 
eases do not widely differ yet such considerable variations are exhibited 
in their reactions that identification is rendered comparatively easy. 
The compounds dealt with are the trichloro- and tetrachloro-amino- 
pyridines and as a basis recourse is had to three substances whose 
structural formulae are known beyond doubt. These are (i) tetiwshloro- 
2'aminopyridine (Trans., 1898, 73, 779 ; 1900, 77, 235), (ii) tetra- 
chloro-4-aminopyridine [Am&r, Chem, Jl, 1886, 6, 377 ; Trans., 1898, 
73, 779; 1899, 76, 981), (iii) 3 : 4 : 5 : 6-tetrachloropyridine (Trans., 
1900, 77, 2), and are thus represented : 



In part in of this series of papers (Trans., 1899, 75, 980) a tri- 
chloraminopyridine was described which resulted from the inter- 
action of sodium carbonate with a compound containing two pyridine 
nuclei. Since this trichloraminopyridme on treatment with phos- 
phorus pentachloride yields a tetrachloraminopyridine identical with 
I, it follows that the amino-group in the original compound occupies 
relaidvely the 2-position and further that in the parent complex the 
nitrogen of one pyridine nucleus is united to the carbon atom in the 
2-poBition, and not in the 3-position of the other as originally depicted 
(}oG, It is here fxirther shown that the hydrogen atom in this 

trichloraminopyridine occupies the 6-position by first converting the 
amino-group into a hydroxyl group in the usual manner and then 
heating the product at 182° in a sealed tube with phosphorus penta- 
chloride. The result was a theoretical yield of 3 : 4 : 5 : 6-tetrachloro- 
pyridine. These changes may be represented thus : 

01 Cl Cl Cl 

Cl/'^Cl Clf^Cl Clf'^iOl _ Cl/\ci 

I. IV. V. III. 

3 H 2 
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Similar work has been done in the case of the trichloraminopyridine 
derived from tetrachloroisonicotinic acid by heating the latter with 
ammonia (Trans., 1897, 71, 1083). From its genesis, the position of 
the hydrogen atom in this compound is beyond doubt, but with regard 
to that of the amino-group no experimental evidence was ofEered, it 
being merely suggested that from the known mobility of the chlorine 
atom occupying the position 2, the constitution of the substance was 
probably represented by the formula : 

H 

oir^ci 

VL 

On heating a quantity of the trichloraminopyridine with phosphorus 
pentachloride, it was found that a theoretical yield of the tetrachlor- 
aminopyridine (m, p. 174 — 175°) represented by formula I was ob- 
tained, thus confirming the original conjecture with regard to it. 

By the action of ammonia on pentachloropyridine (Trans., 1898, 73, 
777) two tetrachloraminopyridines have been isolated one of which 
has been shown to have the constitution represented by formula II, 
the other, melting at 174 — 175°, is identical with I, a structure 
pointed out at the time as probable, but for which experimental 
evidence was wanting. From this compound a tetrachlorohydroxypyr- 
idine was obtained cit) whose constitution VII is thus established. 
The two tetrachloraminopyridines mentioned above, on further treat- 
ment with ammonia and at a higher temperature, both yield the same 
trichlorodiaminopyridiue {loc, cit.) which must therefore be represented 
by formula VIII. These derivatives are thus represented : 


Cl 

01 


NHj 

Cl/^,Cl 

Clf^.Cl 

ci/Nci 

Ol/^,Cl 

Cll JOH 

- OiyNH, ^ 

Cll Jnh, 

\2sr/ 2 

Cll >l 

VII. 

I. 

VIII. 

II. 


It may here be pointed out that the orientation of the compounds 
represented by formulae IV and VI reduces the trichloraminopyr- 
idines whose constitutional formulae are still unknown to. two in num- 
ber and in these cases the hydrogen atom must occupy either the 3- or 
the 5-position. One of these compounds, melting at 144 — 145°, is 
mentioned by Anschutz as resulting from the action of phosphorus 
pentachloride on ]8-hydroxyglutaramide (Richter*s Organwche Ghem%$, 
Ed, 1898, ii, 573 ] see also Trans., 1900, 77, 235). 
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Expeeimental. 

Tetrachhro-^aminopyridine from 3:4: i-Trichloro~%aminopyridine. 

The trichloraminopyridine (m. p. 169 — 160^) derived from the com- 
pound containing two pyridine nuclei (Trans., 1899, 75, 980) by 
distillation with sodium carbonate solution, was heated for 4 hours in 
a sealed tube at 220 — 225° with a slight excess of phosphorus penta- 
chloride, the cold mixture treated with water and distilled with steam, 
when a quantitative yield of the tetrachloraminopyridine melting at 
174—176° (uncorr.) was obtained. On analysis : 

0T481 gave 14*9 c.c, nitrogen at 19° and 772 mm. 11*75. 

0*1080 „ 0*267 AgCl. 01 = 61*30. 

requires i7= 12*06 j 01 = 61*14 per cent. 

The properties of the compound thus obtained agree with those of 
tetpachloro-2-amino pyridine (Trans., 1900, 77, 236). 

Owiversion q/* 3 : 4 : 6~Trichloro-2-aminopyridim into 3:4: h-TriiMoro^ 

2-kydTOxy pyridine. 

Five grams of the compound were dissolved by the aid of a gentle 
heat in 80 c.c. of sulphuric acid containing approximately 80 per cent, 
of acid. After cooling, rather more than the theoretical quantity of 
potassium nitrite was added in small quantities at a time, the mixture 
heated on the water-bath for half an hour, with occasional agitation, 
and then, after cooling, poured into 500 c.c. of water. The new com- 
pound separated in flocks of fine needles, was filtered off, dissolved in 
dilute ammonia, to separate any traces of unaltered amino-compound, 
and again precipitated by the addition of hydrochloric acid. 

The substance is readily soluble in alcohol, acetic acid, and most 
organic solvents. When recrystallised from boiling water, it separates 
on cooling, either in long, filamentous needles, or in flat needles which 
are quite colourless. On analysis : 

0*527 gave 32 c.c. nitrogen at 15° and 752 mm. N « 7*04. 

OgHgOClg requires N = 7*05 per cent. 

When dissolved in warm, dilute ammonia, the ammonium salt, which 
is comparatively sparingly soluble in water, separates out on cooling 
in colourless, satiny, micaceous plates, which rapidly lose ammonia 
on exposure to air and become opaque. The potassium and sodium 
salts are much more soluble. The silver salt is thrown down as a 
jelly by precipitation from the ammonium salt. 
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GoTbversion 3 ; 4 ; 5 -TricM 0 *o-%hydroxypyridin 6 into 2:3:4: 5~Tetr(xr 

chloropyridim. 

Two grams of the hydroxy-compound were heated for an. hour at 
182° with 5 grams of phosphorus oxychloride and twice the theoretical 
amount of the pentachloride, the mixture treated with water and 
distilled in a current of steam. The product formed ^n oil which 
after the removal of the water solidified during the night. Ex- 
amination showed that the compound, which melted sharply at 21 — 22 °, 
was a pure specimen of 2:3:4: fi-tetrachloropyridine. The yield was 
quantitative. It has heen shown (Trans,, 1898, 73, 440) that of the 
three tetrachloropyridines only that in which the chlorine atoms 
occupy the positions 2 : 3 : 4 : 5 will give a compound with mercuric 
chloride. On trying the experiment with a dilute alcoholic solution 
of this product, a semi-solid mass of the double salt was at once 
obtained, similar in every respect to the known compound. 

Conversion of 3:5: ^-TrichlcyrO'^-aminopyridine into Tetmchloro-^- 

aminopyridine. 

The trichloraminopyridine was mixed with phosphorus oxychloride 
and an excess of pentachloride and heated in a sealed tube for 4 hours 
at 220 — 226°. After decomposing the excess of the chlorides of phos- 
phorus by water, the resulting mixture was distilled in a Current of 
steam and the solid distillate purified by crystallisation from alcohol. 
The substance melted at 174 — 176° (uncorr.). The yield was quanti- 
tative. The following numbers were obtained on analysis ; 

0T258 gave 12*7 c.c. nitrogen at 16° and 762 mm. N — 12*00. 
0*1178 „ 0*2933 AgCl. 61*40. 

C 5 H 2 I 72 GI 4 requires IT = 12*06 ; Cl = 61*14 per cent. 

The properties of the compound thus prepared agree in every 
respect with those of tetrachloro-2-aminopyridine (Trans., 1900, 77, 
236). 

UNiVERsitY Chemical Laboeatoey, 

Cambbedge. 
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LXVIL — Note on Partially Miscible Aqueous Inorganic 

Solutions. 

By G. S. Newth. 

The phenomena accompanying the partial miscibility of water with 
various organic liquids, and of organic liquids among themselves, have 
been studied by various observers and are quite familiar. With 
simple aqueous solutions of inorganic substances this is not the case, 
so that the following short note may be of interest. 

When ordinary strong aqueous ammonia is shaken with a saturated 
solution of potassium carbonate and the mixture allowed to stand, 
two distinct liquids will be seen to separate out. Galling the two 
original liquids A and B, then one layer is a saturated solution of B 
in A while the other is a saturated solution of A in B. If A is the 
potassium carbonate solution, then at the ordinary temperature, after 
shaking together, solution A will have dissolved about 37 per cent, 
by volume of solution B, while solution B (the upper ammoniacal 
liquid) will contain about 6 per cent, of solution A. 

The solubility of these two liquids in each other increases with rise 
of temperature, so that the composition of the two saturated layers or 
phases will gradually approximate until they are both identical, at 
which point the two liquids are miscible in all proportions. 

Thus if we plot temperatures upon the vertical axis, and the 
percentage composition along the horizonal axis, the two curves 
representing the solubility of each liquid in the other will be seen to 
meet at a temperature of 43°, above which the two separate phases 
cease to exist and the liquids are miscible in all proportions. 

For the experiments, the results of which are tabulated on these 
curves, A was a solution of potassium carbonate saturated (in contact 
with the solid) at the ordinary temperature. This solution was found 
to contain 67*2 grams of potassium carbonate in XOO c,c. Solution B 
was the so-called 0*880 ammonia. The sp. gr. of the sample actually 
used was 0*885 at 16°, corresponding to about 33 per cent, ammonia 

In order to determine the solubility of, say, solution B in A, a 
measured volume of the latter was first cooled to the required tem- 
perature. The potassium carbonate under these circumstances does 
not deposit crystals, but merely becomes supersaturated. Ammonia 
at the same temperature was added, and the mixture thoroughly 
shaken up in a tube closed by a cork ; the ammonia being added 
until the mixture just began to show opalescence due to incipient 
separation of the two phases at the particular temperature. 
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At temperatures above 30% the mixtures were confiued in sealed 
tubes. The following figures were obtained : 



Solubility of A in B. 

Solubility of B in A. 

Temp. 

100 C.C. B 
dissolve A. 

Mixture oontains 
of solution A 

1 

100 0.0. A 
dissolve B. j 

Mixture contains 
of solution A. 

1“ 

2*0 C.C. 

2 per cent. 

37*5 C.C. 

72*7 per cent. 

6 

S’O 

8 

47-6 

67-6 

11 

6*0 1 

4*7 

62-5 

65*0 

16 

6*6 1 

6*1 

60*0 

63*1 

21 

8 '6 

8*0 

77*5 

56-3 

26 

10*5 

9*5 

105*0 

49*0 

31 

12*5 

11*1 

162*5 

39*0 

38 

20*0 

16*6 

195 

38*0 

89 

21-0 

17 

220 

31-0 

42 

25*0 

20 

250 

28*5 

43 

35*0 

26 

286 

26*0 


'Hot only is the mutual solubility of these two liquids promoted by 
rise of temperature, but it is greatly influenced by the addition of 
small quantities of water. The second pair of curves shows the 
solubility of A in B when to B has been added 10 per cent, of its 
volume of water, and the solubility of B in A when to the latter 10 
per cent, of its volume of water has been introduced. These two 
curves are seen to meet at a temperature of 25% At this point, the 
mixture contains 6*9 per cent, of added water, which has had the efl^t 
of lowering the temperature above which complete miscibility takes 
place (that is, the critical temperature of solution) from 43^ to 26% 

By the further addition of water, the point of intersection of the two 
solubility curves is still further lowered. Thus, when the added water 
amounts to 12*9 per cent, of the whole, the two phases cannot exist 
at temperatures above 10° ; whilst with 18*1 per cent, of added water 
the curves intersect at 0% so that the liquids are now miscible in all 
proportions at all temperatures above the melting point of ice. These 
points are shown at 0^, Cg, and Cg in the figure (p. 777). 

It will be seen therefore that mixtures of solutions of potassium 
carbonate and ammonia can be produced which are critical for any 
desired temperature between certain pretty wide limits. Above the 
particular temperature, the solution remains clear ; at the critical 


twperature, it becomes turbid owing to the separation of the mixture 
the two phases. 

of the considerable quantity of water originally present in 
'Carbonate solution and in' the ammonia, it 
co'mpaji^tively small addition 'of water, should 




MISCIBLE AQUEOUS IirOEGANIC SOLUTIONS. 777 

produce so marked an effect; it therefore occurred to me to try to 
obtain a mixture which should contain less water than is present when 
saturated potassium carbonate solution and 0*880 ammonia are em- 
ployed. 

When anhydrous potassium carbonate is added to strong ammonia, 
the solid first becomes pasty and gradually dissolves, forming a heavy 
liquid layer beneath the ammonia ; at the same time, ammonia gas is 
disengaged. The carbonate appears to dissolve in the water at the 
expense, as it were, of some of the ammonia, for if the materials are 
confined in a sealed tube so that the ammonia cannot escape, very little 



Percentages qf potassium carhonate solution. 

Observations marked O indicate solubilities of solution A in solution B. 

j» X »* tf B ,, A. 

A5=:PotasBium carbonate solution (saturated at IS"). 

B=; Aqueous ammonia (sp. gr, 0*886). 


of the salt is dissolved. The mmng of the anhydrous salt with the 
ammonia is attended by an absorption of heat, and as the bottom 
layer is able to take up its maximum amount of ainmonia, still leaving 
the upper liquid saturated with the gas, two layers of liquid are thus 
obtained in which the total proportion of water present is rather less 
than when the two aqueous solutions are separately prepared. Com- 
plete miscibility of the two liquids so obtained does not take place 
until a temperature of 60° is reached. 

A number of experiments have been made in the hope of finding 
other aqueous inorganic soluitions which exhibited a similar behaviour, 
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but so far without success. Saturated and supersaturated solutions 
have been used, and in many cases where they were completely 
miscible at the ordinary temperature the mixtures have been cooled 
to - 60% when in the majority of instances solidification set in. 

When the obvious substitution of saturated sodium carbonate for 
the potassium salt is made, it is found that the addition of ammonia 
results in the precipitation of a crystalline salt, presumably one of the 
hydrated carbonates. It may be mentioned that strong aqueous 
solutions of trimethyl- and triethyhamine behave with potassium car- 
bonate precisely as ammonia does, and they also throw down the 
same precipitate from saturated sodium carbonate. 

Addendum , — Since the above was communicated to the Society, it 
has been brought to my notice that the observation had previously 
been made by Mr. B. S. Proctor {Ghem. N&ws, 1864, 9, 25), that when 
strong aqueous ammonia is added to a strong solution of potassium 
carbonate, two liquid layers are obtained. The conditions deter- 
mining the separation of these liquids, and their mutual solubility, 
were not ascertained, and, moreover, some of the observations recorded 
are not confirmed by my experiments. Thus Mr. Proctor found that 
the two liquids became miscible on standing 24 hours, and that a 
heavy, crystalline precipitate was deposited, which, he concluded, was 
potassium carbonate. I have kept the solutions in contact for two 
years without the slightest indication of mixing taking place, and 
under no conditions does any precipitation of solid occur. Gr, S. N, 

Royal College oe Science, London, 

South Kensington, S.YT. 


LXVIll . — Racemic 


and Optically Active Forms oj 
Amarine. 


By H. Lloyd Shape, D.Sc., Ph.D. 

An isomeride of amarine which melted at 198® was described by 
Snape and Brooke (Trans., 1899, 75, 208). The object of the present 
paper is to give an account of some further investigations of this base. 

Attempts were made, in the first instance, to discover a method df 
, whic^^^ would give a larger yield than those already 

, and whereby the use of the poisonous ammonium cyanide 
^4 These attempts, however, were unsuccessful. (1) It 
if heated to a higher tempm^ 
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ture than that at which it is converted into amarine, might yield iso- 
atnarine i but only lophine and a small quantity of a substance melt- 
ing at 227° were obtained. This latter was no doubt cyaphenin 
(m. p. 231°), since it appeared on analysis to have the composition of 
this substance and resembled it in being very sparingly soluble in 
alcohol as weU as in other properties. Professor Japp subsequently 
informed me that he had observed the formation of cyaphenin in the 
preparation of lophine by heating hydrobenzamide.* (2) The action 
of heat on an alcoholic solution of hydrobenzamide in sealed tubes at 
120° and in presence of a small quantity of potassium cyanide also 
failed to furnish isoamarine. A basic substance was indeed obtained 
by extraction of the product with hydrochloric acid after some benz- 
aldehyde and ammonia had been removed by steam ; but this, when 
recrystallised from alcohol, melted at 209 — 210° (isoamarine melts at 
198°), and on analysis gave figures agreeing fairly well with those 
r^uired for the formula OgjjHggOgHg. I further investigated (3) the 
action of ammonia and benzaldehyde in alcoholic solution in presence 
of potassium cyanide, and (4)f of ammonia on benzaldehyde and 
benzoin in alcoholic solution j but, although the conditions were 
varied as much as possible, no isoamarine was obtained. 

At this stage, Prof. Japp kindly communicated to me a method, 
which he had discovered in conjunction with Mr. Moir, whereby 
isoamarine is prepared from amarine by heating the latter with 
sodium (Trans., 1900, 77, 637). This method was employed with 
entirely satisfactory results, and nearly all the isoaniarine required 
for subsequent experiments, was obtained by it. An attempt was 
made to modify the process by starting with hydrobenzamide, heating 
this for 4 hours at 130° to convert it into amarine, and then at once 
treating with sodium. It was thought that this would prove 
economical, hydrobenzamide as the source of amarine being the 
cheaper material ; but, although the yield is good, the extra time and 
attention required are not repaid. ‘ 

Having thus obtained an adequate supply of isoamarine, the at- 
tempts to determine wherein its constitution differs from that of 
ordinary amarine were continued. 

Actim of Witrom AM , — ^In the former paper, it was pointed out 
that only one hydrogen atom in the molecule of isoamarine could be 

♦ Japp and Moir have recently shown (Trans., 1900, 77, 640) that hydrobenz- 
anude hydrochloride, when heated in hydrogen chloride, yields the corresponding 
salt of isoamarine. 

•j* Radziszewski (Rer., 1882, 15, 1495) states that amarine and many other products 
may be obtained by heating an alcoholic solution of benzoin and benzaldehyde with 
ammonia. This made it appear possible that isoamarine might be one of the 
products. 
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replaced by silver, thus indicating that probably only one imino -group 
was present. To ascertain whether this was the case, I endeavoured 
to prepare the nitroso-derivative or derivatives, but without success, 
although the methods of treating the hydrochloride of the base with 
alkali nitrite in aqueous solution, of allowing nitrous fumes to act on 
the base dissolved in chloroform, and of acting on the sulphate of the 
base with nitrosyl sulphate were all employed, and the two former 
methods were tried, both at the ordinary temperature and at A 
white, crystalline, substance was repeatedly obtained which gave the 
nitroso-reaction with phenol and sulphuric acid, but analyses showed 
that the nitroso-compound formed was probably mixed with nitrite 
and nitrate of the base. Its instability and the lack of a suitable 
solvent rendered its purification impossible. 

Action of Alkyl Iodides . — ^Attempts to determine the presence of an 
imino-group were also made with ethyl iodide, but although isoamarine 
dissolves in boiling ethyl iodide and does not separate again on cooling, 
no pure compound could be isolated from the smeary mass which 
results on evaporation. An attempt to obtain an ethyl derivative by 
the action of isoamarine silver, ethyl iodide also 

failed. Methyl iodide reacts energetically with isoamarine silver, but 
again no pure product could be isolated. [Further experiments on the 
action of alkyl iodides are being made. 

Action of Acetyl Chloride , — Ordinary amarine and acetyl chloride 
are known to react in ethereal solution. In performing analogous 
experiments with isoamarine, ethyl acetate or chloroform was em- 
ployed as the solvent, isoamarine being almost insoluble in ether. An 
unstable, white substance was obtained on removing, by evaporation, 
the excess of solvent and adding ether ; but it decomposed at the 
ordinary temperature and could not be analysed in an unchanged 
condition. When alcohol was added to the reacting substances 
immediately after the removal of the excess of the solvent, and the 
liquid allowed to very slowly evaporate after standing for some time 
in a closed flask, some well-marked, six-sided plates which melted at 
144 — 145° were obtained, but only in very small quantity. 

Action of nitric Acid . — This was examined under various con- 
ditions : and reaction undoubtedly occurred in every instance, but in 
no case did a homogeneous nitro-derivative appear to be obtainable 
from the product. The products of nitration were apparently decom- 
posed by water. 

. In short, whilst isoamarine appears to enter readily into many 
reactions, the products are generally, with the exception of such salts 
as were described in the former paper, so unstable as to present very 
great difficulty in isolating them in a sufficiently pure condition to 
determine their constitution. It would be interesting to examine whether 
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the optically active constituents of isoamarine, to be described later in 
this paper, lend themselves more readily to the formation of derivatives. 

At this stage, as the result of a further communication from 
Prof. Japp, in which he kindly informed me that he had been led, as 
the result of his own experiments, to regard ordinary amarine as a 
m-{mesO")diphenyl derivative and that isoamarine might be the 
ira7is-(racemoid)form, I determined to carry out an earlier intention 
of testing whether isoamarine was not merely a stereoisomeride of 
amarine. My experiments completely confirmed the theory which 
has been so fully and satisfactorily elaborated by Japp and Moir in 
their recent paper (Trans., 1900, 77, 608); and have led to the 
resolution of isoamarine into its enantiomorphous constituents by 
means of tartaric acid. 

Separation op Isoamarine into its Optically Active Constituents. 

In the first experiment, which resulted in the separation of acid 
tartrates of d- and ^-isoamarine, 10 grams of isoamarine were added 
in successive portions to a solution of 5 grams of tartaric acid (that 
is, in the proportion theoretically required to form the acid tartrates) 
in 200 c.c. * water heated nearly to its boiling point. The solution 
cooled without any separation having occurred, but this took place 
upon rubbing. The material thus separated was again dissolved, by 
heating, and the whole left overnight. In this way, 6*5 grams were 
obtained of small, whitish-yellow, concretionary masses interspersed 
with some colourless needles. A second crop, weighing 4*65 grams, of 
prismatic crystals united to form plate-like or fan-shaped aggregates, 
was obtained on evaporating the filtrate by one-third. To induce 
crystallisation in this case, it was necessary, to throw in some crystals 
which had been obtained by rubbing some of the liquid on a watch 
glass. A third crop, consisting of^ single needles and weighing 
0^8 gram, was obtained by evaporating the filtrate from the second 
crop to one-half : a fourth crop was also prepared. 

A saturated alcoholic solution of the first crop was found to be 
dextrorotatory ; the second crop and also the final mother liquor were, 
on the other hand, Isevorotatory. This appeared t6 indicate that 
<i-tartrates of £?- and ^-isoamarine had been formed and at least parti- 
ally separated : there was no indication that any free tartaric acid 
had remained in the solution. 

To confirm this conclusion, portions of the first and second crops 
were separately dissolved in water, and the base present in each was 

* It is sometimes desirable to use a much larger proportion of water. On some 
occasions, over two-thirds of the total materials separated, owing to colder weather 
having ensued, even when 260 c,c, of water had been employed. 
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precipitated by ammonia and crystallised from methylated ” spirit. 
Alcoholic solutions of the crystalline bases were then examined in 
a polarimeter, and were found to be respectively dextro- and Isevo- 
rotatory. Ordinary isoamarine, when similarly examined, was found to 
be optically inactive. 

The first crop (dextrorotatory) obtained as above by crystallisation 
from solution of isoamaiine in tartaric acid was recrystallised from 
alcohol, and, after drying in the air, was analysed. This proved to be 
an acid tartrate containing 2 mols. of water of crystallisation. 

1-0046 lost 0-0765 HqO at 100*^. Hp- 7-61. 

After drying at 100® : 

0-1972 gave 0-4833 COg and 0*0980 HgO. 0 = 66*84 ; H = 5-53. 
0*1815 „ 10*6 c.c. moist nitrogen at 16*2® and 758*3 mm. N = 6*79. 

0*1814. „ 10-4C.C. „ „ 14® „ 758*55 mm. ]Sr = 6*74. 

C2iHi8lJ^2,C4Hg06,2H20 requires 0 = 66*96; H = 5*36} K = 6*25; 

HgO = 7*44 per cent. 

The fourth crop (laevorotatory), selected as being probably the freest 
from admixture with tartrate of the <^base, was also submitted to 
analysis, and proved to have the same composition. This was not 
recrystallised. 

1*0706, air dried, gave 0*0802 HgO at 100®. H 20 = 7*49. 

0*1803, dried at 100®, gave 10*4 c.c. moist nitrogen at 18*9® and 
753mm. N=6*57. 

Mtrogen determinations were also made of the dextro- and laevo- 
rotatory basic substances obtained respectively from the first and 
second crops of the tartrates, in order to confirm the conclusion that 
these substances have the composition of ordinary isoamarine. 

Base (dextrorotatory), prepared from the first crop, recrystallised 
from methylated spirit ; 

0*1817 gave 14*82 e.c. moist nitrogen at 13® and 766 mm. ^ = 9*71. 

Base (laevorotatory) prepared from second crop : 

0*1810 gave 14*5 c.c. moist nitrogen at 19° and 777*5 mm. N = 9*42. 

OgiHjglTg requires 17 = 9*40 per cent. 

Later observations showed that, even when more than one-half of 
the total weight of the base and tartaric acid employed separate in the 
first crop of crystals, there was no difficulty in isolating, by recrystal- 
Hsaiaon, pure tartrate of the d-base. But it is very desirable to so 
arrange conditions that, if possible, the first crop of crystals shall 
than, or at most only slightly in excess of, one-half 
original materials, because it is .always 
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difficult, and sometimes impossible, to recover the pure tartrate of the 
Z-base under these circumstances. In one case of the kind, the 
crystals, when obtained, had a different appearance from those of the 
Isevorotatory tartrate, and the base precipitated by ammonia consisted 
solely of optically inactive isoamarine. The Isevorotatory tartrate is, 
in fact, so easily altered in some way, that attempts to recrystallise it 
did not succeed. 

After some preliminary experiments, it was decided to employ solu- 
bility, in the first instance, as a means of determining the purity of 
the tartrates. The dextrorotatory tartrate, being less soluble than the 
IsBVo-variety, might be regarded as pure when it yielded a product of 
unaltered solubility after recrystallisation. 

The percentage of first crop material (dextrorotatory), which had 
been recrystallised from water, present in a saturated aqueous solution 
at 13% was found to be 0*18, 0*23, and 0*27 in three different pre- 
parations. The same material recrystallised three times in succession 
from spirit (instead of once from water) had a solubility of 0*17. It 
thus appeared that a single reerystallisation of the first crop of crystals 
was sufficient, under ordinary circumstances, to obtain the material in 
a practically pure condition. 

As regards the second and later crops (Isevorotatory), it has been 
already stated that attempts to recrystallise them do not succeed. 
Hence this means of purifying these products is not available. It was 
thought that if, upon examination, successive crops proved to possess 
practically the same solubility, they might be taken to consist of the 
Isevorotatory tartrate in sufficiently pure condition. This was found to 
be actually the case. Thus, in one preparation of the tartrates, the 
percentage of material found in a saturated aqueous solution at 13% of 
the second crop, was 1*52 ; in the case of the third crop, it was 1*53, 
It was, however, remarked that when a large instead of a small excess 
of material was taken for the determination, there was a slight in- 
crease in the quantity of material dissolved. Thus the same second 
and third crops, which in slight excess gave the solubilities 1 *62 and 
1*63, gave the higher values 1*37 and 1*73 respectively when larger 
quantities were used. This may show that neither of the crops in 
question was entirely free from admixture. It will, however, be ob- 
served that the very considerable difference in solubility of the two 
tartrates shown by the figures given above favours the assumption 
that their separation by practical crystallisation is fairly complete. 
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Determinations of the Rotatory Powers of the Tartrates, 

Dextrotartrate, — Three specimens were examined. They were dis- 
solved in 90 per cent, alcohol at the atmospheric temperature (about 

ia°). 

1. First crop material crystallised three 

times from alcohol ............. . . . [a]i> -I- 94*44° (c = 1*65), 

2. First crop material crystallised twice . 

from water -I- 94-37 (e = l'66). 

3. FTo. 2 recrystallised from alcohol... •¥ 96*62 (c ~ 1*66). 

For the subsequent preparation of the base, the tartrate was only 
once recrystallised from alcohol, optical examination showing that this 
was sufficiently pure. 

Zmvotartrate, — Specimens were examined under the same conditions 
as before both as regards temperature and the nature of the solvent, 
but at a concentration of from 3 to 4 per cent. This concentration, 
like that of about 1 *6 in the case of the dextrotartrate, corresponds 
to about the maximum at the temperature of working. Solutions of 
maximum concentration were employed in order that the amount of 
rotation might be as large as possible, the instrument used not giving 
very accurate readings. The values obtained for the d- and iJ-tartrate 
respectively were thus not strictly comparable. 


1, Second crop material [a]i> -71*94° (c=s4’01), 

2. Third „ » of the same 

preparation -66*03 (c = 3*71). 

3; Third crop material of another pre- 
paration .......... i........... -71*69 {o = 3*76). 


The figures show little more variation than might be expected con- 
sidering the character of the polarimeter employed, and thus support 
the inference derived from the solubility determinations, that these 
materials are fairly pure. 

It may be mentioned that a determination in which absolute was 
substituted for 90 per cent, alcohol, gave a lower result, [ a ]d = - 58*66° 
(c=3*85). 

Action of Heat on d- and l-Tartrates, 

In obtaining, for analysis, anhydrous material from the d- and 
^-tartrates, it was noticed that, in the case of the latter, the water of 
crystallisation was all expelled after the substance had been in the 
steam oven for 1|^ to 2 hours, whereas ijgL the case of the former, the 
be replaced in the steam oven several times befmre 
attained* It was also observed that if m^idng 
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point tubes containing dr and I- tartrates respectively are plunged in a 
bath at a temperature of 110®, the ^tartrate at once melts in its water 
of crystallisation, and there may even be some ebullition, but the 
(^tartrate gives off water gradually without fusion. If, instead of 
being at once exposed to a temperature of 110®, the tubes are gradually 
raised in temperature, the ^tartrate shows change much below 100®, 
which is not the case with the ^^-isomeride. 

On the other hand, the anhydrous tartrates ultimately obtained by 
drying at 100®, behave, when heated, exactly in the same manner, 
softening at 180®, becoming [converted into a viscous mass at 186®, 
and decomposing with evolution of gas at 187®. Yet these anhydrous 
salts are distinct substances, for when dissolved in 90 per cent, alcohol, 
the original dr and /-tartrates appear to be reproduced, the solutions 
being dextro- and Isevo-rotatory respectively, and to the same extent 
as the original salts. 

Determination of the Rotatory Pomr of the Bases. 

Five grams of the <h or /-tartrate were dissolved in water at a gentle 
heat, enough water being taken to retain the whole, or nearly the 
whole, in solution when cold. From the cold solution, the base was 
precipitated with ammonia. The washed bases were crystallised from 
methylated spirit. In dissolving the bases, the temperature was not 
allowed to rise above 60®, lest racemisation should occur ; but sub- 
sequent observations showed that this precaution was unnecessary. 

In determining the rotatory power of the bases, the solvent first 
employed was 90 per cent, alcohol, and the following results were 
obtained ; 

Dexiro-hase in alcohol [ajo -h 42*44® (c = 1*08). 

+ 46*61 (c = l*43). 

+ 55*00 ; but, after 3 hours, +41*66° 
(0 = 1*50). 

Zmw^itase in alcohol...... [a]jj ‘-'67*11°^ hut, after several hours, 

-58*94® (o«l*49), . 

“31*77®. After several hours practi^ 
cally unaltered (c = l*39). 

According to these experiments, the rotatory power of an alcoholic 
a)lution of the c^base is considerably higher than that of an alcoholic 
solution of the same concentration of the /-base, when the rotation has 
become constant, whereas if these substances are antipodes, it would 
be expected that their rotatory power would be the same. It was 
found, however, that if ethyl acetate, in which the bstses are more 
soluble than in alcohol, is employed as the solvent, practically equal 

VOL. LXXVn. 3 I 
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values are obtained for the rotatory power of the two bases. The 
following are the results obtained in ethyl acetate solution : 

Bextro-base [ajo +62*02°; after 4 hours practically unaltered. 

(c-4-81). . 

Lsevo- [a]i> -50*03 ; after 7 hours, constant at —58*65°. 

(c-4*93). 

j? >, —48*33 ; after 6^ hours, constant at -61*30, 

(c«:4-88). 

Thus the rotatory power of the two bases in this solvent is practically 
the same ^ Totation has hecorm comtcmt. It will be noticed that, 
whereas the solution of the <^base exhibited its constant rotatory power 
as soon as prepared, the solution of the ?-base at first exhibited a lower 
rotatory power. Isoamarine, when examined in alcoholic solution, 
proved to be optically inactive ; hence, so far as the optical properties 
of these substances are concerned, it stands to the two bases in the 
relation of a racemoid compound or a c^^-mixture to two antipodes, A 
comparison of these substances as regards solubility, melting point, 
and specific gravity supports the view that the parent base i? a truly 
racemoid compound, and not merely an externally compensated 
mixture. 

SoluhUUy of the Bases, — saturated solution of isoamarine at 14° in 
90 per cent, alcohol was found to contain 1*24 per cent, of the base,* 
whereas saturated solutions of the and Z-bases contained 3*01 per 
cent, and 3*05 per cent, respectively. 

Mdtmg Faint — The melting point of isoamarine is 198% that of the 
cZ-base was found to be 175— 176% and that of the Z-base recrystallised 
from alcohol 174^ — 175% The Z-base thus appears to be less pure than 
the <Z-isomeride, as was also indicated by the detOTminations of its 
rotatory power, and as was indeed to be expected from the circum- 
stance that the parent leevotartrate could not be purified by re- 
crystallisation. 

SjpetsiJic GravUy.—Ths averages of the specific gravity determinations 
were : — ^for isoamarine 1*16, and for each of the optically active bases 
1 * 12 . 

It will be observed that the facts as regards the solubility, melting 
point, and density of isoamarine on the one hand and of the active 
bases on the other, agree with the relationships between these proper- 
ties exhibited by other substances, namely, that racemic forms which 


* In Snape and Brooke's paper on isoamarine, a description of its behaviour 
towards solvents was inadvertently omitted. The base dissolves readily in hot ethyl 
benzene, alcohol, or chloroform, and crystallises from these solutions oncooling. 
_ it is very ali^tly soluble in the cold, and in ether it is almost insoluble. 
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have a higher melting point than the derived active forms have also 
a higher density, but a lower solubility than these. 

Crystalline Form, 

Crystals of ordinary isoamarine suitable for measurement were 
never obtained, whether from solution in alcohol or in ethyl acetate, 
but those that form slowly in an alcoholic solution are seen by the use 
of a lens to have the general form of prisms, never very long, and are 
pointed at each end. Crystals of the dextro-base, of measurable size, 
were obtained by the slow evaporation of an alcoholic solution, but 
better crystals were obtained when ethyl acetate was the solvent em- 
ployed. In the case of the laevo-base, measurable crystals were only 
obtained by slow evaporation of a solution in ethyl acetate. The 
crystals of the d~ and Abases when examined under a lens, differ from 
those of isoamarine in that the prisms do not appear pointed at both 
ends, but only at one. 

Crystals of the d- and ^-bases, prepared as above, have been 
measured by Mr. W. J. Pope, and the following is his account of the 
results. I beg to express my indebtedness to him for the trouble he 
has taken in this matter : 

The crystals of d- and Wsoamarine are colourless, transparent, 
orthorhombic prisms of glassy lustre; they are sphenoidally hemi- 
hedral, crystals of d-isoamarine (Fig. 1) showing the form o, — ^{111}, 
whilst those of the ^isomeride (Fig. 2) show the form o, + The 

crystals of the two substances are thus enantiomorphously related. 

The dominant form is jp{ 110}, and the pinacoid a{100} is only ob 
served as a narrow replacement; the pyramid form o{lll} is small, 
but well developed. The crystals are elongated in the direction of the 
c-axis. 

“ There is a good cleavage parallel to ^{110} and a poor conchoidal 
cleavage parallel to the pinacoid c{001}. The optic axial plane is 
a(lOO) and the c-axis is the acute bisectrix. The optic axial angle is 
large and greater for blue than for red light. The double refraction 
is strong and negative in sign. 


Fio. I. Fig. 2. 
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Crystalline system. Orthorhombic : sphenoidal hemihedrism. 

6: c - 1 -4028:1: 0-6760. 

** Jorms observed : — 

c^-Isoamarine : a{100}, jp{110} and o, - 
“ ^-Isoamarine : «{100}, j?{110}, and o, +^{111}. 

“ The following angular measurements were made on crystals of both 
substaxices : 


Angle. j 

Number of 
observations. 

Limits. 

Mean. 

Calculated. 

ap =100: 110 

28 

63“16'— 55'’40' 

54®31' 



=110:110 

16 

69 42 — 72 0 

70 53 

70**58' 

ao =100:111 

17 

67 14— 67 69 

68 7 

68 15 

po =110:111 

19 

49 21— 61 8 

50 16 

50 20i 

00 =111:111 

17 

78 10— 80 25 

79 19 

— 

00 =111: III 

6 

116 53—118 4 

117 31 

117 23 ” 


Synthesis of Isoamarine from the d- and l-Bases. 

When concentrated solutions of the d- and ^^-bases in 90 per cent, 
alcohol were mixed, a crystalline precipitate formed on rubbing. 
Under the microscope, the crystals could be seen to have the character- 
istic appearance of isoamarine and melted at 197 — 198®. 

Solutions of dr and ?-isoamarine in alcohol were respectively heated for 
many hours at 100®, 160®, and 200®, but were not thereby racemised. 

The result of the experiments detailed in this paper conclusively 
demonstrate that isoamarine is a racemoid isomeride of amarine and 
thus confirm the anticipations of Japp and Moir {loc. cit,)» 

I have, in conclusion, to express my heartiest thanks to Dr. A. W. 
Bay for the assiduous and able manner in which he has assisted me 
throughout this investigation. 

University College op Wales, 

Areeystwyth, 
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Substituted Nitrogen Chlorides and Bromides 
derived from o- and g-A.cetotoluidide. 

By F. D. Chattawat and E. J. P. Oetoit. 

Both o- and p-aeefcotoluidide, when treated with hypochlorous or hypo- 
bromous acid, yield nitrogen chlorides and bromides which readily 
undergo transformation into the isomeric substituted toluidides ; these 
torn form nitrogen chlorides and bromides which pass into 
he disubstituted toluidides, the aminio hydrogen of the latter being 
again replaceable by chlorine or bromine thus : 


^^8 CH, 

I _| NncIAc _j^NHAc _|^NClAc —f^NHAo 

V/ U oiU 

SH. OH. 


CH, 

/\ 


NHAc 


NOlAc 


OH, 

0« 

NHAc 


X^oi 

FCIAc 


Ol^^Cl 
NHAc. 


® precisely similar manner. As' 
TOth the substituted anilides, when the ortho- and para-positions to 
the acetylcWoramino-group are occupied no further isomeric change 
induL?"*’ liydrolysis or decomposition resulting from attempts to 

nitrogen chlorides and bromides derived from 
the tolmdides m in entire agreement with the conclusion that substi- 
tution by chlorine or bromine in anilines and anilides is not a direct 
proce^ but a result of the transformation of a nitrogen chloride or 
de^ee^of ease or difficulty with which substitution in 
toluidides can be directly effected corresponds 
pletely with ^he ease or difficulty with which the tranaforZ^ion 

aLut or bi-omide can be brought 

For e^mple, o- and ^acetotoluidide can be converted into the mono- 

SZnS ease, andin agreement with this the 

comesponding nitrogen bromides are also transformed quantitatively. 

brominn ^ ^ motion of chlorine on p-aoetotoluidide or 

Sr^t^tt products, from which 

only with the greatest difficulty S-chloro^p-acetotoIuidide, or 3-5-di- 

teom^^acetotolmdide, in smaU amount, can be isolated. Corresponding 
only be transformed with great difficulty, a large part, under condi- .^ 
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tions "wMch affect the isomerisation, undergoing a more complicated 
change. 

The properties of these nitrogen chlorides and bromides resemble 
exactly those of other members of the class (Trans., 1899, 75, 1046 ; 
1900, 77, 134; 1899, 32, 3573). The nitrogen chlorides are 

colourless, the nitrogen bromides sulphur-yellow solids all crystallising 
well in modifications of four-sided prisms, terminated by domes. 

o>^Acetyl<M 0 raminotolume {o-Tolyl Acetyl Nitfogen GMoride), 

CH3-06H4'NCh00-GH3. 

Powdered o^acetotoluidide is shaken with excess of lT/2 potassium 
hypochlorite containing potassium hydrogen carbonate. In a short 
time, a limpid, faintly yellow oil separates. This is dissolved in light 
petroleum (b. p. 50 — 80^), and from the solution the nitrogen chloride 
crystallises in star-shaped clusfeers of short, flattened prisms or plates 
melting at 43° 

0*1616 liberated I - 17*72 c.c. NjlO iodine. Cl, as :NC1, = 19*44. 

CgH^oONOl requires Cl, as INOl, = 19*31 per cent. 

This nitrogen chloride is extremely soluble in chloroform or benzene, 
and fairly soluble in light petroleum. On heating to 160°, sudden 
action occurs, the compound being mainly tre-nsformed into 5-chloro- 
o-acetotoluidide ; the conversion, however, is accompanied by partial 
decomposition. c' 

The isomeric change takes p^je slowly but quantitatively^ when a 
solution of the nitrogen cMoride in glacial acetic acid is kept at a 
temperature of 35— 40°^ about 36 hours being required for its oom- 
pletion. If a drop of concentrated sulphuric acid is added to the 
solution, the conversion is complete in a few minutes. A quick trans- 
formation is also brought about when the nitrogen chloride is placed 
in rapidly boiling water, but under these conditions 20 — 30 per cent, 
undergoes hydrolysis. A search was made for 3-chloro-o-acetotoluidide 
in the product of the transformation, but its presence could not be 
detected. o-Tolyl acetyl nitrogen chloride is comparatively stable, 
and can be kept for weeks in the absence of moisture without change. 


Q-Ac&tyUMoTamin(h^-chlm'oioluene i^-GMorO'04olyl Acetyl Witrogm 
Chloride), OHs-ClCgHa-NCl-CO-CHg. 

This niferc^eh chloride is easily prepared hy agitating 5-chloro-o-aceto- 
: %^dide i^th a ^ight excess of if/2 bleaching powder solution just 

The compound is extremely soluble in 
modco^t^y.. soluble. in acetic acid. It^ 
ir^ 'eh^ -4- or- occasionaHy .6-sided 
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0^2154 liberated I = 19*9 c.c. iV/10 iodine. 01, as INCl, = 16*38. 

OgHgOlN’Clg requires Cl, as INCl, = 16*26 per cent. 

When dissolved in glacial acetic acid, this nitrogen chloride under- 
goes transformation only very slowly at the ordinary temperature ; 
but on boning the solution for one hour it entirely changes into 
3 : 5'dichloro-o-acetotoluidide (m. p. 185°). 

Claus and Stapelberg {Annaleny 1893, 274, 291) prepared 3 : 6 -di- 
chloro-o-acetotoluidide by chlorinating o-acetotoluidide dissolved in 
alcohol and acetic acid. We find it far preferable to add gradually 
an excess of bleaching powder solution to one part of o-acetotoluidide 
dissolved in 5 parts of glacial acetic acid at the ordinary temperature, 
by which operation the nitrogen chloride of 5-chloro-o-acetotoluidide 
is formed. The latter is then separated, and heated with acetic acid 
until transformation is complete, when a nearly quantitative yield is 
obtained. 

c^Acetylchlorammo-Z : ^^ieMwotolvme (3 : ^-Dickhro-o-tolyl Acetyl 
mtrogrn OMande), CHs-C^HgClg-NCl-CO-CHg. 

To prepare this compound, a solution of the 3 : 5*dichloro-o-aceto- 
toluidide in acetic acid is treated with excess of bleaching powder 
solution at the ordinary temperature. The nitrogen chloride which 
separates as an oil is crystallised from light petroleum, in which it is 
very soluble. It forms short four-sided prisms, frequently with denied 
ends, and melts at 78°. 

0*2037 liberated 1= 16*1 c.c. iV/10 iodine. Cl, as INOl, = 14*01. 

C 9 H 3 ONCI 3 requires 01, as INOl, = 14*04 per cent. 

^Acetyhhhraminqtoluem {^-Tolyl Acetyl Niin'ogen Ghloride)^ 
OHa-OfiH^-lsrOi-CO-CHg. 

This substance is prepared similarly to the corresponding ortho- 
derivative. To ensure complete conversion after treatment of the 
^acetotoluidide with hypochlorous acid, it is best to dissolve the product 
in chloroform and to shake the liquid two or three times with a fresh 
solution of hypochlorous acid. It crystallises exceedingly well from 
light petroleum or from a mixture of this and chloroform in short, 
lustrous, four-sided prisms, which are often flattened or rhombic in 
appearance, and melts at 91'— 92°. 

0*1524 liberated 1= 16*5 c.c. iV/10 iodine. Cl, as INCl, = 19*20. 

CgiljgOHCl requires Cl, as ZNC1, = 19*31 per cent. 

This nitrogen chloride when pure can be kept for months in a dry 
atmosphere and may even be heated to 175° without sufiEering any 
decomposition^ If slightly impure or moist, it reddens on keepings 

■ ■ - ■'..v'-t'Qb&'iiii 
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and on heating decomposes rapidly even at 100° with development of 
colour and evolution of gas. Dissolved in chloroform, light petroleum, 
or acetic acid, it completely decomposes at the ordinary temperature in 
two or three days, and in an hour or so when warmed, with the formation 
of 3-chloro-^-acetotoluidide, jp-acetotoluidide, and a red, oily substance. 
Heated in the presence of water, similar actions take place, and an 
amount of hydrochloric acid is liberated corresponding to about 14 per 
cent, of the nitrogen chloride used. When a few grams of the nitrogen 
chloride are decomposed by warming with acetic acid, to which two or 
three drops of sulphuric acid have been added, or by adding the 
powdered solid to boiling water, from 50 — 60 per cent, is transformed 
into 3-chloro-^-acetotoluidide. With larger quantities, however, the 
yield is much less and the chlorotoiuidide difficult to purify. The 
behaviour of this nitrogen chloride accounts for the difiSiculties experi- 
enced by Lellmann and Klotz {Armalen, 1885, 231, 311) in preparing 
3-chloro-j!>-acetotoluidide by direct chlorination of jo-acetotoluidide 
dissolved in acetic acid. They were only able to obtain a 20 per cent, 
yield, and did not succeed in discovering the cause of this unsatis- 
factory result. We have reason to believe that a secondary reaction 
takes place, in which the methyl group interacts with the chlorine 
attached to the nitrogen. 

Preparation of Z-Chloro~^toluidine , — ^The following method gives a 
50 per cent, yield of 3-chloro;p-toluidine from jp-acetptoluidide. 

Kfty grams of ^acetotoluidide are dissolved in 200 c.c. of glacial acetic 
acid and a small excess of W/B bleaching powder solution added. 
Heat is evolved and a reddish oil separates, which solidifies on cooling. 
The dark red mass, which largely consists of 3-chloro-p-toiuidide and 
^acetotoluidide is boiled with alcohol and sulphuric acid. The acid is 
then partially neutralised and the stiH acid product distilled in steam. 
3-Ohloro-2?-toluidine comes over first, and, after completely neutralising 
the acid, is followed by ^toluidine, which represents about 15 per cent, 
of the original ^acetotoluidide. A dark, oily substance remains in the 
distilling flask. 

{Z-Ghloro-^’-tolyl Acetyl Nitrogen 
CHg-CeHgCl-NCl-OO-CH^. 

S-Chloro-^j-acetotoluidide is dissolved in acetic acid and a slight excess 
of W/2 bleaching powder solution added. The oil which forms is 
separated, shaken with sodium hydrogen carbonate to remove acetic acid, 
and then recrystallised from light petroleum. It forms very short, 
fi' flattened prisins, which frequently appear as diamond-shaped plates, 
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This nitrogen chloride, dissolved in glacial acetic acid, is transformed 
/ very slowly at the ordinary temperature into 3 : 5-dichloro-/»-aceto- 
^ toluidide. On boiling such a solution, a brilliant red colour develops 
and no nitrogen chloride remains after some fifteen minutes ; on 
cooling, long needles of the dichlorotoluidide separate, but the yield 
does not amount to more than 50 per cent, of the theoretical. 


^-Acetylchloramino-Z : ^-dichlorotoluene (3 : ^-Dichloro^'p-tolyl Acetyl 
Mtrogen Chloride), CHg-CeHaClg-NOl-CO-OHg. 

This substance is prepared from the corresponding dichlorotoluidide 
exactly as the last, and is recrystallised from light petroleum. It 
forms thin, four-sided prisms, often 4—5 centimetres long, and melts 
at 72°. 

0*1228 liberated 1-9-6 c.c. iV/10 iodine. Cl, as INOl, - 13*86. 

CgHgONClg requires Cl, as INCl, — 14*04 per cent. 


o-Acetylhro7mminotoluene {p-Tolyl Acetyl Nitrogen Bromide), 

CHg-CgH^-NBr-CO-CHg. 

This compound is obtained by treating finely divided o-acetotoluidide 
suspended in a dilute solution of potassium hydrogen carbonate with a 
slight excess of a solution of hypobromous acid, keeping the temperature 
below 0°. Action takes place rapidly, the toluidide losing its crys- 
talline form and becoming pale yellow in colour. The nitrogen 
bromide can be crystallised from a mixture of chloroform and light 
petroleum, from which it separates as pale yellow, four-sided plates 
melting at 100*5°. It is readily soluble in chloroform or benzene, but 
only slightly so in light petroleum, 

0*2530 liberated I- 22*25 A/10 iodine. Br, as :NBr, - 36*16. 

requires Br, as INBr, — 35*07 per cent. 

This nitrogen bromide, on rapidly heating, melts sharply at 100*5°, 
but on keeping about 10 seconds at this temperature transformation 
takes place, accompanied by evolution of heat, and the whole solidifies 
to a slightly brown, crystalline mass of 5-bromo-o-acetotoluidide, which 
melts only a few degrees below 160° * This transformation takes 
place very readily if the compound is heated under water, or still 
better if it is dissolved in glacial acetic acid and the solution allowed 
to stand at the ordinary temperature for 24 hours. The transforma- 
tion appears to be quantitative ; we have never observed the forma- 
tion of any other product. 

* 5-Bromo-o-acetotoliiidide, when pure, melts sharply at 160 ®, not at 156—15 , 
as usually given. 
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(p-Bromo-o-tolyl Acetyl Nitrogen 
Bromide), CH3-CsH3Br-NBr-00-CH3. 

This nitrogen bromide was prepared exactly as above, but to ensure 
complete conversion, the product, which cl<>ts together, was dissolved in 
chloroform and the solution thoroughly shaken with more hypo- 
bromous acid containing potassium hydrogen carbonate. The solid, 
obtained by evaporating off the chloroform, was recrystallised from 
chloroform and light petroleum; The crystals are brilliant yellow, 
apparently rectangular, plates melting at 91° 

0*3852 liberated 1 = 25*1 c.c. iY/lO iodine. Br, as INBr, = 26*05. 

CgHgONBrg requires Br, as IlTBr, = 26*05 per cent. 

When 2-methyl-4-bromophenyl acetyl nitrogen bromide is heated 
above its melting point at about 110 — 120°, it darkens somewhat in 
colour and is transformed into the isomeric 3 : 5-dibromo-o-aceto- 
toluidide, this then slowly solidifies to a light brown, crystalline mass, 
which melts not very sharply at about 170°. A certain amount of 
decomposition always accompanies the transformation, this being 
more naarked the more rapid the heating. 

This isomeric change takes place readily when the nitrogen bromide 
is heated with water at 100°, although here a certain amount of hydro- 
lysis accompanies it, or when the compound is heated at 100° with 
glacial acetic acid in a sealed tube. On r^rystalHsing the product, 
3 : 5-dibromo-o-acetotoluidide is obtained in long, colourless needl^ 
which melt at 205°. 


o-AcetyWrommdno-Z : ^'^ihroTnotoluem (3 ; ^-Dihromo cytolyl Acetyl 
Nitrogm Bromid^, CHg'OgHgBrg'HBr'OO’CHg. 

3 ; 5-Bibromo-o-acetotoluidide is also readily converted as above by 
hypobromous acid into ,its nitrogen bromide, which crystallises well 
from petroleum (b. p. 80 — 100°) in characteristic brilliant yellow, 
four-sided plates melting at 120°. 

0*4526 liberated 1 = 23*25 c.c. W/IO iodine. Br, as ^NBr, = 20*54. 

C0H3ONBr3 requires Br, as Il:7Br, = 20*72 per cent. 


ig-^Acetylhroymminotolmm {^Tolyl Acetyl Nitrogen Bromide), 


OHg-CgH^-NBr-CO-OHg. 


in a finely divided state was suspended in a very 
potassium hydrogen carbonate containing ice, about 
the theoretical quantity of a solution of hypol^rom- 
added quickly, and the whole stirred for a few 
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minutes. The pale yellow product was then crystallised from a 
mixture of chloroform and light petroleum. 

^Tolyl acetyl nitrogen bromide forms brilliant yellow, four-sided 
prisms terminated by domes, one side of the latter being very largely 
developed. It is extremely unstable j exposed to the moist air of a 
laboratory, it becomes in a few minutes of a pale pink colour, which 
deepens on standing to a full red, whilst the melting point continu- 
ously falls. The crystals can, however, be kept in an exhausted 
desiccator for several hours without change. 

0*3059 liberated I = 26'9 c.c. i^lO iodine. Br, as INBr, = 35*15. 

. CgHj^ONBr requires Br, as INBr, = 35*07 per cent. 

On heating quickly it melts at 94 — 95° to a pale yellow liquid, but 
at this temperature rapid transformation into 3-bromo^acetotoluidide 
goes on, and in a few seconds the melted mass crystallises. Trans- 
formation also takes place quickly at a lower temperature; when heated 
at 50° for a few minutes the crystals slowly liquefy and resolidify to a 
pale pink, crystalline mass, which again melts only 2 — 3° below 
the melting point of the ^-bromotoluidide. This isomeric change goes 
on slowly at the ordinary temperature, and even to a considerable ex- 
tent below 0° When the nitrogen bromide is warmed with water, or 
dissolved in chloroform or glacial acid, and the solution allowed to 
stand for a few hours, complete transformation takes place and the 
change is practically quantitative, although a pale pink colour is 
developed. Pure 3-bromo-^-acetotoluidide can be obtained in long, white 
prisms by once crystallising the transformation product from alcohol. 
The behaviour of this nitrogen bromide offers a marked contrast to 
that of the corresponding nitrogen chloride. 


(^-Bromo-^tolyl Acetyl Nitrogen 
CHg-OeHgBr-NBr-OO-^ 

This was prepared in the ordinary way By the action of hypobromous 
acid on 3-bromo-p-acetotoIuidide, and was crystallised from a mixture 
of chloroform and light petroleum. It forms pale yellow, four-sided 
plates which melt at 87° 

0*2745 liberated 1 = 17*9 c.c. i^/10 iodine. Br, as IlNBr, = 26*07. 

OgHQONBrg requires Br, as INBr, = 26*05 per cent. 

On heating above its melting point, it decomposes between 100° and 
110°, yielding a red, tarry product which does not crystallise. A 
similar viscous substance is formed when the nitrogen bromide is heated 
at 100° in a sealed tube with a little glacial acetic acid. The product 
is soluble in alcohol or acetic acid, but a thick yellow oil is deposited 
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on cooling. If this is removed from time to time and the solution 
boiled with animal charcoal, 3 : 6-dibromo-;jt?-acetotoltddide (m. p. 206°) 
finally crystallises out ; the yield of the latter, however, is only about 1 0 
per cent, of the theoretical. In this action, the normal transformation of 
the nitrogen bromide into the isomeric bromotoluidide is complicated 
by another action in which the methyl group is probably attacked by 
the bromine attached to the nitrogen. 

The extent to which the latter action takes place when the nitrogen 
chlorides and bromides derived from the toluidides undergo the 
normal isomeric change apparently depends on the relative difficulty 
with which transformation takes place. When isomeric change occurs 
readily and at a low temperature as with o- and ^-tolylacetyl nitrogen 
bromides, this is practically the sole action ; when, however, it cannot 
be easily e:ffiected, and only at a relatively high temperature, it is 
accompanied by the other reaction. 

y-Acetylbromamino-^ :^-dihromotoluene {Zx^-Dihromo-^-tolyl Acetyl 
JN'itTogm Bromide)^ CHg'OgHgBrg’NBr’CO'CHg. 

3 : 5-Dibromo^-acetotoluidide (m. p. 206°) also easily yields a nitrogen 
bromide on treatment with hypobromoUs acid. To ensure complete 
conversion, it is best to dissolve the product in chloroform, and then to 
stir or shake this for an hour or so with excess of a fresh solution of hydro- 
bromoas acid containing a little potassium hydrogen carbonate. On 
evaporating off the chloroform or adding light petroleum, the nitapogen 
bromide separates in brilliant, yellow, short, four-sided prisms teMim- 
ated by domes and melts at 118°. 

0*3929 liberated I — 20*2 c.c. if/lO iodine. Br, as INBr,~ 20*55, 
OgHgONBrg requires Br, as INBr, =* 20*72 per cent. 

Method of TT(m8foTmvng Nitrogen GMorides and Bromides* 

The transformation of nitrogen chlorides and bromides is generally 
best effected by allowing a solution in a little glacial acetic acid to 
stand at the ordinary temperature, or, when necessary, heating it in a 
sealed tube. Acetic anhydride may occasionally be employed as solvent 
when the substances are hydrolysed exceptionally readily, as is the 
case with some nitrogen bromides. Addition of a drop of sulphuric 
acid is in some cases advantageous, as in the tmnsformation of the 
nitrogen chloride of p-acetotoluidide. With the more readily trans- 
formable compounds, heating under water is sufficient, although this 
generally causes some hydrolysis. 

, Chbmioal Laboratory, 

St, Bartholomew’s Hospital akd CoLLBaE, E,0. 
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LXX. — Ortho-suhstituted Nitrogen Chlorides and 
Bromides and the Entrance of Halogen into the 
Ortho-Position in the Transformation of Nitrogen 
Chlorides, 

By F. D. Ohattaway and K. J. P. Orton. 

In our earlier papers (Trans., 1899, 75, 1046 ; Per., 1899, 32, 3573) 
on substituted nitrogen chlorides and bromides, it was stated that we 
had so far not observed the simultaneous formation of ortho- and 
para-derivatives in their isomerisation. The transformation products 
of phenyl acetyl nitrogen chloride and phenyl acetyl nitrogen bromide, 
for example, melted within a degree or so of the isomeric jo-chloro- and 
jp-bromo-acetanilides, and could be obtained perfectly pure by one 
crystallisation from alcohol. 

In order, however, to decide this point definitely, we have prepared 
larger quantities of phenyl acetyl nitrogen chloride, phenyl acetyl 
nitrogen bromide, and phenyl benzoyl nitrogen bromide, and have made 
a careful search, in the products of their transformation, for small 
amounts of o-chloroacetanilide, o-bromoacetanilide and o-bromobenz- 
anilide respectively. 

When phenyl acetyl nitrogen chloride is transformed, we find that 
o-chloroacetanilide is produced together with jp-chloroacetanilide. The 
transformation product consists of about 95 — 96 per cent* of the para- 
and 4 — 5 per cent, of the ortho-compound. 

We have failed to isolate any o-bromoacetanilide or o-bromo- 
benzanilide from the transformation products of the isomeric nitrogen 
bromides, and although from analogy these probably are formed, the 
amount produced must be exceedingly small, certainly less than one 
per ^nt* under the conditions of transformation which we have 
studied. ^ 

Wh^n these mtrog^h bromides Are worked with on a large ^ale, 
the problem is complicated by a certain amount of hydrolj'sis occur- 
ring, and by the consequent reformation of a small amount of 
unsubstituted anilide. 

The behaviour of these nitrOgen halogen compounds is in marked 
contrast with that of the nitramines (Bamberger, 1897, 30, 1248), 
which, when this is possible, always undergo transformation into both 
ortho- and para-derivatives, the former often being the chief, if not 
the only, product. 

We have also prepared o-ohlorophenyl acetyl nitrogen chloride and 
o-bromophenyl acetyl nitrogen bromide by the action of hypochlorous 



798 CHATTAWAY AND OBTON : ORTCHO-SUBSTITUTED 

and hypobromous acid respectively on the corresponding substituted 
anilides. 

The physical and general chemical properties of these compounds 
are typical of the nitrogen chlorides and nitrogen bromides, but they 
are relatively more stable and may be heated moderately or kept for 
a long time without alteration. Isomeric change can, however, be 
effected readily, and they then undergo transformation into the 2 : 4- 
disubstituted acetanilides. 


Tr(msf<yrmaiim of Acetylchloraminohmzem {Fhmyl Acetyl 

Chloride), 

One hundred grams of acetanilide were converted into the nitrogen 
chloride by the method already described (Trans., 1899, 76, 1046). The 
pure chloride was placed under water, acidified with acetic acid, and ice 
added to prevent the temperature rising. In an hour transformation 
was complete ; the product was then hydrolysed by boiling for six 
hours with alcohol and sulphuric acid. On cooling, the larger part of 
the ^•ehloroaniline separated out as ^sulphate. This was filtered off 
and the alcohol evaporated from the mother liquor, which was then 
subjected to steam distillation after partially neutralising the acid. A 
liquid base came over in small quantity. This was acetylated and the 
crude anilide, which melted at 72% was recrystallised from benzene 
and light petroleum (b.p. 50 — 80°) until it melted constantly at 87% 
the melting point of o-chloroacetanilidek A yield of between 4 and 
5 per cent, of the theoretical aiRo^t was obtained. As a confirma-^ 
tion, the percentage of chlorine was determined 

O-Ull yielded W204 AgOl. a ^2 

requi^^ Gl =« 2Ch9 per cent. 

A similar method of procedure was adopted in studying the trans^ 
formation products of phenyl acetyl nitrogen bromide and phenyl 
benzoyl nitrogen bromide. Pive hundred grams of the former were 
transformed by rapidly heating with water, and 60 grams of the 
latter by allowing it to stand for a few hours in a moist state at the 
ordinary temperature. After treating the transformed products as 
above, the small quantity of material distilling over after partial 
neutralisation was in each case shown to be a mixture of ^-bromo- 
and aniline by acetylating and benzoylatihg respectively, 
finding the percentage of bromine in the recrystallised product, and 
comparing its melting point with that of a similar mixture crystal- 
loid from a prepared solution containing anilide and ^bromo- 
, l^d^ The product obtained from the transformed material melted 
the melting point of the known mixture. 
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AcetylcMoraminO'^'Chlorohenzene {o-Ghlorophenyl Acetyl Nitrogen 
Chloride), CeH^OMSTCl-CO-CHg. 

o-Chloroacetanilide is treated with an excess of a solution of 
potassium hypochlorite containing potassium hydrogen carbonate. 
After about 1 hour the conversion into the nitrogen chloride is com- 
plete. The latter is very soluble in chloroform, benzene, or acetic 
acid, but only moderately so in hot petroleum (b. p, 50 — 80°). It 
forms long, flattened, exceedingly lustrous prisms which melt at 88° 

0-2901 liberated 1 = 28*8 c.c. N/10 iodine. 01, as INOI, - 17*59. 
CQK^Cl'NCl'CO'CHg requires 01, as INOl, = 17*38 per cent. 

On heating the molten substance, no sudden transformation takes 
place, but decomposition with darkening occurs about 170° 

This nitrogen chloride is unusually stable and can be recrystal- 
lised from glacial acetic acid ; even heating its solution in glacial 
acetic acid for several hours at 100° does not complete the isomeric 
change, a mode of treatment which would have caused the immediate 
transformation of any other nitrogen chloride with the para-position 
unoccupied. On heating under boiling water, it partially hydrolyses 
and partially transforms into 2 ; 4-dichloroacetanilide, Heated in a 
sealed tube at 140° in the presence of a little acetic acid, 2 : 4-di- 
chloroacetanilide is rapidly formed, No 2 : 6-dichloroacetanilide has 
been recognised in the product of transformation, 

Acetylhromcmino-^lromolenzene {o-Bromophenyl Acetyl Nitrogen 
Bromide), OgH^Br-NBr-OO-CHg. 

0 ‘Bromoacetanilide in a finely powdered state was suspended in a 
dilute solution of potassium hydrogen carbonate containing an excess 
of hypobromous acid, and the whole stirred for several hours. The 
nitrogen bromide was then recrystallised from chloroform and light 
petroleum. It separates in pale _ yellow, four-sided prisms with 
domed ends, and melts at 160— i52° with slight decomposition. 
Heated above this temperature, the yellow liquid darkens in colour 
and at 160° decomposes suddenly, bromine being e\^olt^ed and a dark 
brown mass left. 

0*1968 liberated I 1 3*4 c.o, if/10 iodine* Br, as :NBr, = 27*22, 
OeH^Br-NBrrGO'dHg requires Br, as tNBr, « 27*29 per cent. 

On heating fm? .some ho^lrs at 100° with a little water, it is parti- 
ally ^ % partially transformed into 2 : 4-dibromoacet- 

anflide melting at 146°. This latter transformation alone takes 
place when the nitrogen bromide is heated in a sealed tube with a 
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few drops of glacial acetic acid at 140° for about an hour. 
o-Ohloroformanilide and -benzanilide and o-bromoformanilide and 
-benzanilide also yield nitrogen chlorides and nitrogen bromides. 

Chemical Laboratory, 

St. Bartholomew's Hospital and Colleoe, E.C. 


LXXL — Nitrogen Chlorides derivable from m-ChlorO' 
acetanilide and their Transformation. 

By F. D. Chattaway, K. J. P. Orton, and W. H. Hurtley. 


The study of the behaviour of hypochlorous acid with m-chloroacet- 
anilide has led to results similar to those observed in the case of 
acetanilide and the acetotoluidides (Trans., 1899, 76, 1046 ; 1900, 77, 
134). wa-Chloroacetanilide yields a nitrogen chloride, which undergoes 
transformation into 3 : 4- and 2 : 5-dichloroanilide. Each of these 
again readily forms a nitrogen chloride. That from the 3 ; 4-derivative, 
on isomerisation, gives a mixture of the 2:3:4- and 2:4: 5-trichloro- 
acetanilide, whilst the nitrogen chloride of the 2 : 5-isomeride yields 
the2 :4;S- together with the hitherto unknown 2 : 3 : 6-trichloro- 
acetanilide. Finally, the 2:3:4-, 2:4: 5-, and 2:3: 6-trichloro- 
derivatives yield nitrogen chlorides, all of which undergo transforma- 
tion into 2:3:4: 6-tetrachloroacetanilide, A mixture of these three 
nitrogen chlorides is obtained when a solution of Tw-chloroacetanilide 
in acetic acid is heated with excess of bleaching powder. 

The following scheme represents the transformations : 
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these, nto^ chlorides, the formation of ortho-derivatives 
a to a much greater extent than in the transformation of 
I gutrogen chloride. In the latter case, only about 5 per 
ailide is obtained, whilst more than 20 per cent. 
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of 2 : 5>dichloroacetanllide is produced from m-cHorophenyl acetyl 
nitrogen chloride. In no instance, however, does the quantity of the 
ortho-derivative exceed or even approach that of the para-isomeride. 

The nitrogen chlorides of this series have all the general characters 
of the group. Their crystalline form is of the usual four-sided prism 
type, but the prisms are frequently very slender and aggregated in 
clusters. They are all stable and difficult to isomerise. Although all 
the positions in m-chlorophenyl acetyl nitrogen chloride into which 
the chlorine atom may wander are vacant, transformation is only 
complete after several days, when the compound, dissolved in acetic 
acid, is allowed to stand at the ordinary temperature. Under similar 
conditions, phenyl acetyl nitrogen chloride undergoes transformation 
in a few minutes, and ^-chlorophenyl acetyl nitrogen chloride in a 
few hours. The 3 : 4-dichlorophenyl acetyl nitrogen chloride, in 
which both ortho-positions are unoccupied, is not completely trans- 
formed after the solution in acetic acid has stood for six weeks. The 
isomeric change of the nitrogen chlorides of the three trichloroacet- 
anilides can only be effected at a high temperature (160 — 180°), and 
is always accompanied by much hydrolysis. 

{m-GhloropIimyl Acetyl Nitrogen 
Chloride), G^Rfihl^OhOO-Oii^. 

m-Chloroacetanilide is rapidly converted into this nitrogen chloride 
when treated with a NI2 solution of hypochlorous acid in presence of 
potassium hydrogen carbonate. The compound is purified by recrystal- 
lising from light petroleum (b. p. 50 — 80°), from which it separates in 
star-shaped clusters of very small prisms melting at 93°. 

0*3532 liberated 17*44 c.c. NjlO iodine. 01, as INOl, ^ 17*51. 

0*1988 gave 0*2782 AgOl. Total, Cl « 34*61. 
0gH4CMSr01*00'0H!3 requires 01>«34*76per cent; 01, as IN01,«17*38. 

When heated under water or in solution in acetic acid, hydrolysis, 
and not isomeric change, takes place. Molecular transformation is beat 
brought about by allowing a cold solution in acetic acid to stand for 
7 to 10 days. The products are 3 : 4- and 2 : 6-dichloroacetanilide, 
the former of which largely predominates. Separation is effected by 
hydrolysing the anilides and distilling the aniline sulphates in steam 
in presence of sulphuric acid. 2 : 5-Dichloroaniline comes over, and, 
on cooling, the very sparingly soluble sulphate^ of the 3 : 4-compound 
separates from the mother liquor in pearly leaves. 

♦ 1*2405 gave 0*7068 BaS 04 . 804=23*43. 

(CeH 3 Cl 2 *NH 2 )a,HaS 04 requires 804=22*76 per cent. 

The 3 ; 4-dichloroaniline obtained from this was jmrified by distilling under 
diminished pressure ; its boiling point was 145® at 15 mm, 

VOL. LXXVII. 3 K 
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AteVylcMoramino-Z : ^:-di(Mor6b6n%mQ (3 : 4:^DicM(yi*ophenyl Acetyl 
Miarogen Ghloride)^ OgHgOlg^NOl'CO’CHg. 

This compound is best prepared by adding 3 : 4-dickloroacetanilide 
to bleaching powder solution just acidified with acetic acid. It 
crystallises from light petroleum in clusters of small, n^dle-like 
prisms melting at 92°. 

0*2443 Hberated I 10*35 c,c. if/10 iodine. 01, as I'EGl, ^ 15*02. 

OgHgOla-NOl-OO^OHa requires 01, as I ISTOl, 14*87 per cent. 

Dissolved in acetic acid, it undergoes transformation very slowly, and 
the change is not complete after six weeks. The major portion of the 
nitrogen chloride has changed, however, after ten days into two tri- 
chloroanilides, which can be separated by fractional crystallisation from 
60 per cent, acetic acid, in which 2:4: 5-trichloroacetanilide melting at 
190° (Beilstein and Kurbatoff, Annalen, 1879, 196, 214, give 184 — 185°) 
is very sparingly soluble. From the mother liquor, 2:3: 4-trichloro- 
acetanilide* separates in fine needles melting at 123° The latter 
compound forms about 26 per cent, of the mixed anilides. 

AcetyIcMoraminO'-2 : B^dichlorobena^ene (2 : 5-Dichlorophenyl Acetyl 
Nitrogen Chloride), OgHgClg^NOl-OO-OHg. 

This substance is prepared exactly as the last. It crystallises from 
light petroleum in small, short prisms melting at 73° 

0*2352 liberated I =«9'96 c.c. if/10 iodine. 01, as *K01i =®15*00. 

OelEgCla-NCl-OO-OHg requires^^G^ =14*87 per cent. 

The isomeric change of this compound dissolved in acetic acid requires 
twelve days for completion. Repeated recrystallisation of the product 
from alcohol separated it into 2 : 4 : 5-trichloroacetanilide, and the 
hitherto unknown 2:3: 6-trichloroacetanilide, which melts at 134*6°. 
The former is present in by far the larger proportion, 

Acetylchloramino-2 : 4 : 5-trichlorohenzene (2:4: B^Trichlorophenyl 
Acetyl Nitrogen CMoride), OQHgClg’NChCO'GHg. 

To a solution of the anilide in glacial acetic acid, excess of a solu- 
tion of bleaching powder is added. An oil separates, which is dis- 
solved in hot light petroleum. On cooling, rosettes of short, thick 
prisms form, melting at 96° 

0*3815 liberated 1 = 14*2 c.c. if/10 iodine. 01, as tNCl, « 12*98. 

CgHgClg-NOhCO'CHg requires 01, as 'BTOl, =12*99 percent. 

* On aaalysis ; 0*2175 gave 0*8917 AgCl. 01=44*53. 

C^HijOVNH'CO’CHg requires 01=44*60 per cent. 
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This nitrogen chloride undergoes isomeric change only after heating 
in a sealed tube with glacial acetic acid at 150 — 170° for 2 — 3 hours. 
A considerable amount of hydrolysis accompanies the transformation 
into 2 : 3 : 4 : 6-tetraohloroacetanilide,* the yield of which is accordingly 
small. The latter, after recrystallising from benzene, out of which it 
separates in glistening, flattened prisms, melts constantly at 181°, 
instead of at 174°, as given by Beilstein and Kurbatoff {loc. cit). 


AcBtyhJiloTamino-^ : 3 : i-triclilcroheni^ene (2:3: i-Trichlorophenyl 
Acetyl Nitrogen Chloride)^ C0H2Cl3*NCl*CO*CH3. 

This compound is prepared as the last. It crystallises in clusters 
of flattened prisms melting at 113 — 114°. 

0-2543 liberated I == 9*35 c.c. iVyiO iodine. Cl, as :N01, 13-03. 

OeHgOlg-NOl-CO-CHg requires 01, as :JNC1, == 12*99 per cent. 

The isomeric change is effected by heating in a sealed tube at 
150 — 170°, and the yield of tetrachloroacetanilide is small. It is 
separated from regenerated trichloroacetanilide by recrystallising 
from benzene, in which the latter compound is much the more 
soluble. 

Acctylchlofomino-^ : 3 : ^-trichlorohenzme (2:3: ^-TricMoropJienyl 
Acetyl Mtrogm €hloride)i CQHgOlg’jiTCl’OO'CHg. 

This substance, which is prepared as the last, crystallises in well 
defined, four-sided, flattened prisms melting at 11G° 

0*2402 liberated I = 8'8 c.c, iodine. Cl, as INOl, 12*98. 

OgHgCla-NCl-OO'CHg requires 01, as INOl, =12*99 per cent. 

It undergoes transformation into tetrachloroacetanilide, but much 
hydrolysis of the nitrogen chloride accompanies the isomeric change. 

AcHyhU{iTammo-% ^ 3:4; ^•UtracUorohmmbc (2 1 3 ; 4: : ^-TetracUm^o- 
phmyl Acetyl mTogmChloHd9), Q^m\^^m 

This nitrogen chloride, prepared as the last, crystallises in clusters 
of small prisms and melts at 9 7°* 

0*1671 liberated 1=^10-42 c.c* i^/lO iodine. 01, as tNOl, =11*06. 

OgHOl^'NOhOO'OHg requires Cl, as INOl, =11*54 per cent. 

* On analysis ; 0*1489 gave 0*3139 AgCl. 01=52T2. 

06HCl4*NH ’00*0113 requires 01 5=61 *96 per cent, 


3 K 2 
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Action of Bhachmg Powder on a hot Acetic Add solution of m-Chloro- 

acetanilide. 

To a solution of w-chloroacetanilide in acetic acid, heated on the 
water-bath, a solution of bleaching powder was added until chlorine 
was evolved freely. An oily liquid separated consisting of a mix- 
ture of the nitrogen chlorides of the three trichloroacetanilides. To 
convert the nitrogen chlorides into the anilides, the oil was cautiously 
warmed with a little alcohol, and, after the reaction had taken place, 
sufficient alcohol was added to completely dissolve the solid. On cool- 
ing, crystals both of the 2:4:5- and the 2:3: 4-trichloroacetanilides 
were deposited, and separated by fractional crystallisation from 
benzene or 50 per cent, acetic acid. The alcoholic mother liquor on 
evaporation yielded a solid, from which benzene extracted only a 
small amount of anilide, chiefly 2:3: 4-trichloroacetanilide. The 
residue, insoluble in benzene, consisted of 2:3: 6-trichloroaniline 
hydrochloride, which yields the base, melting at 70*5° on heating with 
water. In the treatment with alcohol, the nitrogen chloride of 
2:3: 6-trichloroacetanilide appears to decompose with formation of 
the aniline. 


The chlorination of m-bromoacetanilide is being investigated, and 
so far derivatives have been obtained which behave in a manner 
analogous to those above described. 

Sr. IBABradLOMJjw^s HosritAn CoLiiBOB, 1.0. 




of Ethyl Acetyhnedicarhoxylate 


with Bases and ^-Ketonic Esters, 


By SiEQPEiED Ruhemann and H, E. Stapleton, B.A., Scholar of St. 
John’s College, Oxford. 


In a recent paper (Trans., 1900, 77, 242), we showed that o-phenylene- 
diamine condenses with ethyl acetylenedioarboxylate to form ethyl quin- 
oxalidoneacetate, and it was concluded from this observation that in 
the condensation of ethyl acetylenedicarboxylate with ethyl aceto- 
acetate or ethyl benzoylacetate, both hydrogen atoms of the CHg group 
of the ketonic compounds play a part. The products would be 
r^pectively : 

>CH2-00,02H6 0020,H5-0-OH2*00„OaH6 

3'OO'OHg ■ OOjCaHs-C-OO-OnHs 

^loetoaconitate. II. Ethyl benzoylaconitate. 


00,C,H,-( 
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A comparison of properties has proved the identity of these esters with 
the substances previously obtained by the action of the sodium deriva- 
tives of the ketonic esters on ethyl chlorofumarate or chloromaleate 
(Trans., 1896, 69, 530, 1383 ; 1897, 71, 323). For the latter products, 
the following constitutional formulae had been proposed from their 
mode of formation : 

9^0 a- co^o^H, c:ch-ooah5 

CO 2 C 2 H 5 * CH-OO-OHg OOgOgHg- CH-OO-OgHs 

These expressions, however, do not account for the fact that ethyl 
chlorofumarate gives the same substance as ethyl chloromaleate, nor is 
it apparent from the formulae why the esters do not give a coloration 
with ferric chloride. 

Both these difficulties have been removed by the discovery that the 
esters in question are identical with those obtained from ethyl 
acetylenedicarbozylate and the ketonic esters, and that their constitu- 
tion is to be expressed by formulae I and II. 

The alteration of the constitution assigned to the esters does not 
necessitate a change in the structure of the acids which result from 
their hydrolysis. These may still be expressed by the formulae : 

COgH- 9(0H)-CH2- CO 2 H , COgH- 9(OH)-OH2-C02H 

HgC-OO-CHg ^ HgC-OO-CgHs 

Acetonylmalic acid. Acetophenylmalic acid. 

The compounds formed from fche esters of acetoaconitic and benzoyl- 
aconitic acids and ammonia, however, are no longer to be regarded 
as cyclic in constitution. The products formed with aqueous ammonia 
(Trans., 1896, foe. cit) are dicmidQS, probably of the formula 

NHg-CO- C-0H2-00202H, 

NHj^OO-C-OO-R 

(R being OH 3 or although the two CO’NHa groups may be 

differently distributed, whilst alcoholic ammonia gives 
for example, the monamide of ethyl benzoylaconitate (previously called 
ethyl benzoyltrimethylenetrioarboxylate, Ruhemann and Ounnington, 
Trans., 1899,75, 785). 

The difference in the behaviour of the ethyl esters of acetylenedi- 
carboxylic and phenylpropidio acids, which had been established by 
previous experiments, as well as the results obtained by the interaction 
of ethyl phenylpropiolate with bases, such as guanidine and benz- 
amidine, induced us to similarly investigate the reactions of these bases 
with ethyl acetylenedicarhoxy late. We find that guanidine readily 
condenses with this ester according to the following equation : 
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NHj.C<g|2 + CO.OA-C-C-CO^O^H, = C.Hj-OH 

n:o-oh 

+ NHg-o/ ^OH 

The product of the reaction is therefore to be regarded as ethyl hyd^* 
oxyamidopyriimdimca^^ This view of the constitution of the 

substance is supported by the fact that it has both acidic and basic 
properties, and that when boiled with caustic potash hardly any 
decomposition takes place, apart from hydrolysis to the corresponding 
acid. Even more striking than the case of guanidine is the difference 
benzamidine exhibits towards ethyl phenylpropiolate and ethyl 
acetylenedicarboxylate. Whilst the former ester reacts with only 
1 mol. of the base to form either benzalglyoxaldine or diphenyl- 
pyrimidone, the latter condenses with 2 mols. of benzamidine, according 
to the following equation ; 

2 CaH 50 <gg + OOsOgH^-OjO-COaCaHs ^ + 

* aC^Hj-OH + Hj. 

The hydrogen figuring in this equation seems to effect a reduction, 
thus diminishing the yield. The substance forms ruby-red 

crystals, and probably has the constitution 



formula indicates the close 
reht^^ii^p it hears to ihdigotih and pyrazole blue. 

Qlyoxaiine red suffers a remarkable change on boiling with glacial 
SK^tio acid : it takes up 1 mol. H^O and is transformed into yellow 
n^^les of the composition C18HJ4N4O3, for which we can only suggest 
&e following structure : 

CeHj- 8 C-OH C-OH <D -OgHg. 

\h ^ \h 


Finally, we show that ethyl chlorofumarate yields the same 
products with guanidine and benzamidine, as does ethyl aoetylene- 
, #^lk>^late, and may be advantageously used in reactions in the 
the latter ^ter. This result is therefore analogous to that 
?i||aa;Study of the action of these esters on ethyl acetoacetate 
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Experimental, 

Mhyl Usters of Acetoaconitic and Benzoylaoonitic Acids, 

The considerations which we brought forward in our last communi-* 
cation {loc. ci^.) led to the conclusion that the compounds which are 
produced by the action of ethyl acetoacetate and benzoylacetate on 
ethyl acetylenedicarboxylate are not to be regarded as derivatives of 
trimethylene, but as the ethyl esters of acetoaconitic and benzoyl- 
aconitic acids : 

00AH5*C-0h,- COAH5 , 00 AH5* fi’OH,- 

. COgOgHg-C^CO-OHg CO^OgHg’O-OO^OeHs 

This view is further supported by the determination of the molecular 
refraction of the ester obtained from ethyl acetoacetate, which Mr. 
0. W. Eichardson, of Trinity OoUege, kindly undertook for us. The 
following data, 

1-469 ; d 16716®«M680; if- 300, 

2 1 

lead to the molecular refraction n.— «= 72 ‘ 1 1 . This value corre- 

{y? + 2)d 

spends to that calculated for the above formula, which requires 71*94. 

Wehave pointed out in the introduction that these esters areindentioal 
with those which are formed by using ethyl chlorofumarate instead of 
ethyl acetylenedicarboxylate. This identity follows from their boiling 
points being the same, and also from their chemical behaviour. Both 
the esters which are formed from ethyl acetoacetate by its reaction 
with ethyl chlorofumarate and ethyl acetylenedicarboxylate yield 
with bromine the same substitution product, etfiyl h^omoacetoaconitate, 
This is obtained by gradually adding bromine to a solu- 
tion of the esters in chloroform, when hydrogen bromide is evolved, 
the reaction being accompanied by development of heat, The product 
is well shaken with water, the chloroform evaporated, andl the residual 
oil, after drying with calcium chloride, distilled in a vacuum. It feoils 
with only slight decomposition at 314® under a pressure of 18 mm., 
and has a specific gravity d 777®« 1*4028. On analysis, the following 
numbers were obtained ; 

0-3107 gave 0'lS59 AgBr. Br-21-34. 

0-3306 „ 0-1659 AgBr. Br-21-36. 

0;^4HjQ0i^Br requires Br - 21-10 per cent, 
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Ethyl HydroxyamirwpyrimiM'mccerioxylate, 

N O-OH 

NHj-c/ ^OH . 

N-C-COAHj 

This compound is readily formed by mixing alcoholic solutions of 
guanidine thiocyanate and sodium ethoxide in molecular proportion, 
and then gradually adding the equivalent quantity of ethyl acetylene- 
dicarboxylate. The reaction takes place with development of heat 
and formation of a brow’n coloration. After standing for a day, 
water is added to the mixture, when a reddish solution is produced. 
On acidifying this with acetic acid, a solid is pi*ecipitated, which can 
only be filtered with difficulty. It is sparingly soluble in boiling water 
and dissolves in a large quantity of hot alcohol, 5rom which, after 
treatment with animal charcoal, it crystallises in small, yellowish 
needles, which begin to decompose at 220° The compound was 
analysed, with the following results : 

01727 gave 0*2915 OOg and 0*0776 H 2 O. 0 = 46*03 ; Il.= 4-98. 

0*2055 „ 40 c.c. of moist nitrogen at 10° and 755 mm. K = 23*14. 

0-2020 „ 39-5 C.O. „ „ 13° „ 755 mm. nV.22-94. 

C-^HgOgNg Tequlres 0 = 45*90 ; H=4*91 ] 22*95 per cent, 

The compound dissolves in cold dilute alkali, yielding a yellowish solu- 
tion, and therefore possesses acidic properties. On the other hand, it 
has the character of a base, since it is readily soluble in concentrated 
hydrochloric acid. Platinic chloride precipitates from this solution 
yellowish needles of a which was analysed ; 

0*3 left, on ignition, 0*0762 Pt. Pt = 25*06. 

( 0 (^HQ 03 hr 3 ) 2 ,H 2 Pt 01 g requires Pt = 25*07 per cent. 

The above constitution is in full agreement with the behaviour of 
the ester when boiled with a concentrated solution of caustic potash. 
Although some evolution of ammonia occurs, it suffers little decompo- 
sition, except hydrolysis, the larger portion being changed only to the 
corresponding acid^ which is precipitated from the alkaline fluid by an 
excess of acetic acid. As hydroxyaminopyrimidinecarboxylic acid is 
very sparingly soluble in ordinary solvents, it is purified by boiling 
its solution in sodium carbonate with animal charcoal and adding 
acetic acid to the filtrate. A white powder is thus obtained which 
does not melt, but begins to blacken above 320°. 

On analysis, the following numbers were obtained ; 
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0-2190 gave 0-3163 OOg and 0-0710 HgO. 0^=39-38 ; H = 3-60. 

0-2234 „ 0-3155 002 „ 0-0750 HgO. 0-38-51 ; H- 3-70. 

0*2130 „ 49-5 c.c. moist nitrogen at 15° and 750 mm. N = 26-83. 

O 5 H 5 O 3 I 73 requires 0 = 38-71 ; H = 3*22 ; IST — 27*09 per cent. 

The solution of the acid in ammonia gives a gelatinous silver salt. The 
acid, like its ester, has basic properties, dissolving in hot concentrated 
hydrochloric acid, and from the solution, on cooling, colourless crystals 
of the hydrochloride separate out. This salt, however, is unstable, and 
loses hydrochloric acid, not only at 100 °, but even at the ordinary 
temperature. 

The same ester is obtained from guanidine by using ethyl chloro- 
fumarate instead of ethyl acetylenedicarboxylate, and this is, indeed, 
a preferable method of preparing the substance. Its identity with ethyl 
hydroxyaminopyrimidinecarboxylate was verified by a direct comparison 
of their properties and by the following nitrogen determination : 

0*206 gave 40*5 c.c. moist nitrogen at 13° and 756 mm. N = 23*l. 
CyHgOgNg requires 17 = 22-95 per cent. 

Action of JBenzamidme on the Ethyl Esters of Acetyhnedica/rhoxylic and 
Ghlorqfumaric Acids. Formation of Glyoxaline Red^ 

The interesting behaviour of benzamidine towards ethyl phenyl- 
propiolate, which yields, according to the temperature at which the 
reaction is allowed to proceed, either benzalglyoxalidone or diphenyl- 
pyrimidone, induced us to study the reaction of benzamidine, on the 
one hand with ethyl acetylenedicarboxylate, and on the other with 
ethyl chlorofumarate. We have found that the same compound 
results from either ester. 

The reaction is effected by mixing alcoholic solutions of sodium 
ethoxide and benzamidine hydrochloride, and gradually adding ethyl 
acetylenedicarboxylate or ethyl chlorofumarate. The mixture, which 
first turns yellow and finally becomes dark red, is allowed to stand 
for a day ; water and a little acetic acid are then added, and the red 
solid collected. This is insoluble in water, but dissolves, although 
with great difficulty, in a large amount of boiling alcohol, and, on 
cooling, gradually separates out in ruby-red crystals. The yield is 
unsatisfactory, this being partly due to the circumstance that reduction 
accompanies the formation of the substance. The compound dissolves 
in alkali, yielding a red solution, and therefore has acidic properties. 

The following analytical data were obtained : 

0-3024 gave 0-7550 COg and 0*1092 JLf). 0 = 68*08 ; H = 4*0. 
0-1550 „ 0-3888 002 ,, 0-0598 HgO. 0 = 68-41 ; H = 4-27. 

0-1933 „ 28 c.c. moist nitrogen at 13° and 772 mm. ]Sr= 17*40 
^^quires 0 = 68-35 ; H = 3-80 ; N = 17-72 per cent. 
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On boiling with glacial acetic acid, glyoxaline red "suffers a remark- 
able change ; it enters into solution and, on cooling, yellowish needles 
separate out, which decompose at 262° 

The analytical results obtained with different specimens proves the 
substance to have the composition 0 i 8 Hi 403 ]Sr 4 , which differs from that 
of glyoxaline red by the elements of 1 mol, H^O. 

0*2040 gave 0*4820 OOg and 0*0790 HgO. 64*55 j H = 4‘30. 

0*2093 „ 0*4935 002 „ 0*0806 HgO. 0 = 64*30 ; H- 4*27, 

0*2255 „ 0*5330 COg „ 0*0875 HgO. G = 64*46 ; H = 4*31. 

0*1490 „ 21*0 C.C. moist nitrogen at 20° and 757 mm, N = 16*43, 

0*1982 „ 27c.c. „ „ 10° „ 779 mm. ]N= 16*76, 

0*2144 „ 31c.c. „ „ 16° „ 750 mm. N = 16*63. 

CjgB[j^ 03 ]N 4 requires 0 = 64*67;II=4*19; 17 = 16*76 per cent. 

The close relation of this compound to the red product follows, not 
only from its mode of formation, but also from the fact that its 
yellow solution in dilute potash quickly changes on standing to 
reddish-violet the colour of the alkaline solution of glyoxaline red. 

An attempt to support the constitutional formulae of both substances 
(p. 806) by means of their behaviour towards boiling caustic potash has 
furnished the following result. The solution darkens, and an evolu- 
tion of ammonia takes place, which ceases after about an hour^s 
heating. The alkaline liquid is freed by fdtration from a small 
quantity of a brown precipitate, then acidified with hydrochloric acid 
and extracted with ether. This dissolves out a solid which we have 
identified as benzoic amd. Be^des this acid and ammonia, there is 
also formed oisdic acid. These decomposition products agree with the 
of the cdm^unds given in the introductibn, but it is obvious 
experime^^ before the formulm can be 

GoimLIiE AND CAIUS COLLnOE, 

Cambiudgb, 

h^KKLll.-^^Bromination of Benzeneazophenol, Part II, 

'Bj John Theodore Hewitt and William George Aston. 

It has been recently shown by the authors that when benzeneazo- 
phenol is brominated in a glacial acetic acid solution containing 
excess of fused sodium acetate, two bromine atoms enter the phenol 
nucleus in the ortho-position relatively to the hydroxyl group (Trans,, 
1900, 7*7, 712). In the absence of sodium acetate, a bromo-derivative 
of unknown constitution was obtained, the investigation of which 
foy^Pis the subject of the present compituncationf 
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'i^-BromolmzeneazodihTomo^henoh 

When benzeneazophenol is dissolved in five times its weight of glacial 
acetic acid and treated with one molecular proportion of bromine, only 
a portion of the azophenol is attacked, for on pouring into water, 
collecting the precipitate, and recrystallising it a few times from 
glacial acetic acid, a compound is isolated which is sparingly soluble in 
cold acetic acid and melts at 143 — 146^ (uncorr.). The various prep- 
arations were found to contain a percentage of bromine corresponding 
with that required for the formula CigH-^ONgErg. 

Experiments were then made on the bromination of benzeneazo- 
phenol suspended in water, molecular proportions being again employed, 
but the same brominated product was obtained, although, owing to 
the reaction not having proceeded so smoothly as in acetic acid solu- 
tion, the melting point was generally a degree or two lower. 

Finally, it was found that a satisfactory yield of the substance might 
be obtained by the following procedure. Ten granos of finely powdered 
benzeneazophenol are suspended in 50 grams of glacial acetic acid, the 
mixture being well cooled by ice, and stirred while 25 grams of 
bromine diluted with 25 grams of glacial acetic acid are gradually 
added. The bromine is used up rapidly, and only a trace of it can be 
detected at the end of the operation if the above quantities are em- 
ployed. The product is poured into water, the precipitate collected, 
washed, and recrystallised from glacial acetic acid. The brownish- 
orange needles so obtained were analysed with the following result : 

0*1743 gave 0*2125 OOg and 0 0331 Hp. C*=33*25; H«2*ll, 

0*1924 ,, 0*2489 Ag!Br. !Br=5s55*04* 

0*2603 „ 15*6 o.c. moist nitrogen at 18° and 766 mm. N=»7‘27. 
OjjjH^ON^BrgrequiresO « 33*10; H « 1 *63 ; Br « 55*14 ; 1:7 « 6 *46 percent. 

The substance melts at 148° (corr.), and dissolves in acetone, ethyl 
alcohol, ethyl acetate, benzene or its homologues, aniline or nitro- 
benzene ; it is less soluble in cold glacial acetic acid, and dissolves very 
sparingly in light petroleum. On treatment with concentrated sulphuric 
acid, the substance yields a dark red sulphate of the corresponding 
quinonehydrazone, the azophenol separating as a yellow precipitate on 
the addition of water. 

Conclusive evidence in favour of the view that the substance is 
jp-bromobenzeneazodibromophenol was obtained by brominating 
^-bromobenzeneazophenol in presence of sodium acetate, and benzene- 
azo-o-dibromophenol in presence of strong sulphuric acid. The 
same substance was obtained in both cases, and proved to be identical 
with the product obtained by the direct action of bromine on benzenet 
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azophenol ; each preparation causing no depression of the melting 
point of the others. 

Bromination of Ben^semazodihrcmiophenol. — Twenty-four grams of 
benzeneazodibromophenol were suspended in 290 grams of glacial 
acetic acid mixed with 24 grams of concentrated sulphuric acid, and to 
the well cooled mixture, 11 grams of bromine, diluted with 44 grams 
of glacial acetic acid, were slowly added. The product was recrystal- 
iised from acetone, and melted at 148°, 

Bromination of "^-BroTnohenzeneazoph^noL — 1*3 grams of jp-bromo- 
benzeneazophenol were dissolved in 50 grams of acetic acid together 
with 1*3 grams of fused sodium acetate. The solution was well cooled, 
and 1*5 grams of bromine in 4 grams of acetic acid added. The pro- 
duct, after recrystallisation, melted at 148'^. 

The production of jp-bromobenzeneazo-o-dibromophenol can be shown 


diagrammatically as follows ; 




In aqueous suspension or 
acetic acid solution. 


In acetic acid solution in 
presence of i sodium acetate. 

Br 



Br 



Br 

In acetic [ acid solution in 
presence of sodium acetate. 


The derivative was obtained by boiling jo-bromobenzeneazo- 

dibromopbenol for 1 hour with an equal weight of fused sodium 
acetate and three times its weight of acetic anhydride. It separates 
from glacisd aceidc acid in very small'crystals, but in larger, orange 
from ohioroform in which it is easily soluble. The melting 
point is i 67"^. 

0*1460 gave 0*1883 GOg and 0*0359 HgO. C= 35*17 ; H =-1*97. 

Cj^HgOgNgBr^ requires 0=35*22 ; H = 1*89 per cent. 

The compound is very soluble in carbon disulphide and moderately so 
in anih’ne, benzene, toluene, nitrobenzene, ethyl ether, ethyl acetate, 
or ethyl benzoate, but dissolves only sparingly in cold acetone, amyl 
or ethyl alcohol, or light petroleum. 

The benzoyl derivative was prepared by boiling the azophenol for 1 
hour with 2J times its weight of benzoyl chloride, and was recrystal- 
lised from a large excess of spirit, in which, even at the boiling point, 
it is but very sparingly soluble. It forms brownish-orange needles 
melting at 129° 

0*2188 gave 13*4 c.c. moist nitrogen at 16° and 750 mm. !N* = 6*00, 

i*equires N 6*21 per cent, 
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The substance is taken up sparingly by acetic acid, ethyl alcohol, 
or petroleum spirit ; it is fairly easily soluble in carbon disulphide, 
benzene or its homologues, or aniline, whilst in the remaining organic 
solvents its solubility is moderate. 

The ethyl ester was obtained by heating 6 grams of the azophenol 
with 0*7 gram of caustic potash, 1*6 grams of ethyl bromide, and 
about 50 c.c. of absolute alcohol in a sealed tube for hours at 
105 — 110°. After cooling, the contents of the tube were warmed on 
the water-bath with dilute caustic soda, the insoluble ethyl ether 
collected, washed, dried, and recrystallised from benzene. Beautiful, 
golden needles melting at 125° were obtained, which were very 
soluble in carbon disulphide and dissolved fairly easily in ether, ethyl 
benzoate, or hydrocarbon solvents. The solubility in acetone, ethyl 
alcohol, or amyl alcohol was slight. 

0*1027 gave 0*1361 GO^ and 0*0203 HgO. 0 « 36*14 ; 2*20. 

Oi^HjiONgBrg requires 0 = 36*28; H== 2-40 per cent. 

Tribromohenzeneazophenol — As it seemed at one time possible that 
the substance obtained by the direct action of bromine on benzeneazo- 
phenol might be tribromobenzeneazophenol, the latter was synthetically 
prepared by coupling diazotised tribromoaniline with phenol. The 
only azo-compound derived from tribromoaniline, so far as the authors 
know, is the tribromobenzeneazodimethylaniline described by Silberstein 
(t7*. pr, Ghem., 1883, [ii], 27, 113). Since Silberstein's method of 
diazotising tribromoaniline is rather tedious, the process we adopted 
may be described, as it is simple. 13*2 grams of finely powdered 
tribromoaniline were dissolved in 15 c.c. of concentrated sulphuric acid, 
a finely divided precipitate of the base or its sulphate being obtained 
by the addition of 5 c.c. of water. The well-cooled mixture was diazotised 
by adding 2*8 grams of .pure, solid sodium nitrite in small portions 
at a time, left for 2 hours, and then poured on to crushed ice. Ten 
minutes later, the solution was added to 4 grams of phenol and 40 
grams of sodium carbonate, (NagOOg,E[20)> dissolved in 300 c.c* of 
and cooled to -1°. The precipitated azo^oompound was oolleOted, 
washed, and extracted with hot dilute caustic potash soltttion> the 
filtrate precipitated by hydrochloric acid and the azophenol recrystal- 
lised from glacial acetic acid. Small, bright, orange prisihs were 
obtained melting at 168*5°. 

0*2627 gave 0*3229 CO^ and 0*0382 H^O. 0 = 33*41 ; H= 1*68. 

0 i 2 H. 701 Sr 2 Br 2 requires 0 « 33*10 ; H= 1*63 per cent. 

Tribromobenzeneazophenol is easily soluble in acetone or ethyl 
acetate, dissolves faiidy well in ethyl alcohol, ethyl ether, acetic acid, 
or benzene, but is only very sparingly soluble in light petroleum. For 
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further characterisation, the acetyl and benzoyl derivatives were 
prepared. 

Acetyl Derivative . — ^The acetylation was carried out with fused 
sodium acetate and acetic anhydride, and the substance recrystallised 
from glacial acetic acid. Thus obtained, it forms small, red, radiating 
groups melting at 105° 

0*2462 gave 13*5 c.c. moist nitrogen at 12° and 762 mm. lsr**6*64. 

Gj^H^OglNgBrg requires N = 6*89 per cent. 

The benzoyl derivative was obtained by the Schotten-Baumann 
method and reerystallised from boiling amyl alcohol in which it is not 
very soluble . 

0*2704 gave 12*3 c.c. moist nitrogen at 12° and 762 mm. N=«>5*41. 

0 j 9 HiiBr 302 ]iT 2 requires N=i5*21 per cent. 

It is an orange-pink, crystalline powder which, as seen under the 
microscope, consists of radiating groups of very small prisms. It 
melts at 132° and is very sparingly soluble in the usual solvents. 

East London Technical College. 


LXXIV .— of Formaldehyde on Amines of the 
Naphthalene Series. Part IL 

By GiiiBEBT Thomas Morgan, D.Sc, 

In a- form^ paper on this subject (Trans., 1 898, 73, 536), an account 
was given of the interactions oocrmring, under various conditions, 
between formaldehyde and /3-naphthylamine. The results showed 
that the chemical changes involved are somewhat complex, and differ 
considerably from those produced when this aldehyde is condensed with 
benzenoid amines. 

In order to obtain further evidence as to the nature of these 
reactions, a series of comparative experiments has been made with 
derivatives of ^-naphthylamine, the object being so to regulate the 
action of the aldehyde that products could be isolated corresponding 
with each of the phases in the condensations of this reagent with the 
parent base. 

When ^-naphthylamine is condensed with formaldehyde in cold 
aiooholie or acetic acid solution, 2 ; 2'-dimethylenedxamino-l : I'-dinaph- 
j^yimethane is produced, 3 mols. of the aldehyde combining with 
2 mol& of the base and 3 mols. of water being eliminated {}oc. dt.^ 
660). isolated is in all probability the final product of 
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a succession of molecular rearrangements, for compounds of the 
simpler type OH 2 {NHR )2 have been obtained with the halogen deriva- 
tives of ^-naphthylamine. 2 : 2'-Dimethylenediamino-l : I'-dinaphthyl- 
methane, when heated with concentrated hydriodic acid and red phos* 
phorus, yields naphthacridine, and this result not only shows that the 
diamine contains one methylene group attached to two aromatic nuclei, 
but also that the positions of attachment of the linking carbon atom 
are the same in both compounds. 

Although the orientation of the meso-carbon atom present in these 
bases has not been established either by direct synthesis or by refer- 
ence to some naphthalene derivative of known constitution, yet the 
fact, that, in the formation of homonucleol derivatives of /J-naph*- 
thylamine, substitution invariably occurs in the contiguous a-, and not 
in the second /3-position, is a strong argument in favour of the consti^* 
tution generally assigned to naphthacridine. 

Further confirmatory evidence has been obtained by a study of the 
behaviour of l-bromo-2-naphthylamine and its chlorine analogue 
towards formaldehyde. These bases, when treated with this reagent 
in cold glacial acetic acid, yield methylene derivatives containing the 
radicle solely attached to nitrogen, methyUmdi-l^hrorno-^-naphthyl- 
amine, CH2(NH*OioB[gBr)2, being obtained from l-bromo-2-naphthyh 
amine and methylene di-l-chloro-%-naphthyhmine, OH 2 (N‘H*CioH(jCl) 2 , 
from the corresponding chloro-compound. In a preliminary note on 
the action of formaldehyde on substituted )8-naphthylamines (Proc,, 
1899, 16, 10), these substances were described as having the consti- 
tutional formulae, CHglN-OjoH^Br and CHglN’Ci^H^Cl. A more 
detailed examination, however, has shown that each contains a methyl- 
ene group attached to two nitrogen atoms, 

Anhydro-bases of the type BOHINX are unsaturated compounds, 
and combine additively with hydrogen cyanide (von Miller and Pldchl, 
j!Se«*.,1896, 29,1729 ] Eibner, 1898,302, 813), whereas the above 

compounds are not affected by this reagent. When boiled with dilute 
mineral acids, these methylene bases are hydrolysed into their gene- 
rators, a certain amount of resinous bye-product being simultaneously 
formed in the case of the bromo-oompound. ®ie inethylene group 
may, however, be quantitatively eliminated by a modification of the 
method employed by Clowes and Pollens in the estimation of this 
radicle in the methylene derivatives of the sugar series (Pm, 1899, 
32, 2841). When warmed at 70° with excess of phloroglucinol dis- 
solved in glacial acetic acid, the anhydro-base decomposes in accord- 
ance with the following equation : 

OH2(]SrH-0,oH,B)2 + O.HeOs - 2C,oHeR-XHa + 

On diluting the solution with water, the insoluble phloroglucide? 
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(Oi^HgOg)®, is completely precipitated, whilst the regenerated amine 
remains dissolved, and is easily identified in the filtrate. 

These anhydro-hases are the first compounds of the type CB[ 2 (NHR )2 
in the naphthalene series. Methylenedi-l-chloro-2-naphthylamine is 
quite stable in warm glacial acetic acid, and is not transformed into a 
dinaphthylmethane base when heated with l-chloro-2-naphthylamine 
and its hydrochloride, 

Methylenedi-l“bromo-2-naphthylamine resembles its chlorine 
analogue, but is far less stable. It gradually decomposes, yielding a 
red, resinous substance when heated to 90° either alone or in solution. 

These results indicate that the migration of methylene into the 
naphthalene nucleus is prevented by the presence of substituent rad- 
icles in the a-position contiguous to the amino-group, and confirm the 
assumption made with reference to the position of the meso-carbon 
atom of naphthacridine and 2 ; 2'-dimethylenediamino-l : I'-dinaphthyl- 
methane. 

The latter base contains, in addition, two other methylene radicles 
attached to the nitrogen atoms, and although the formula, 

I. 

suggested for this substance in the former communication indicates 
its mode of formation, and also expresses its tertiary character, yet, 
in view of the fact that the nitrogen atoms are in the ortho-position 
relatively to the third methylene group, and therefore in close prox- 
imity to each other, it is quite conceivable that a, rearrangement of 
the valencies may occur, giving rise to a molecular structure repre- 
sented by one or other of the following formulae : 

/ — V y-CHg-v 

n, in. 

It might reasonably be supposed that a base containing twoNICH^ 
groups, as indicated by formula I, would be hydrolysed by dilute 
mineral acids, and reduced by sodium and amyl alcohol; it should 
also combine additively with hydrogen cyanide. The base, however, 
is not affected by these reagents, and its stability is a point in favour - 
of the view that rearrangement has taken place. 

The substance indicated by formula II should also undergo hydrolysis, 
since the methylene groups are each attached to two nitrogen atoms, 
and, moreover, if lEiny tendency exists for the linking up of the nitro- 
atoms by methylene, in the manner suggested by formula II, it 
should be po^ble to obtain a compound of the type 
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by the action of formaldehyde on a monoalkyl derivative of ^-naph- 
thylamine. When ethy]-/?-naphthylamine is treated in this way, 1 mol, 
only of formaldehyde interacts with 2 mols. of the amine, the product 
being a secondary base formed according to the equation 

2CiQH.j,*!N'HEt + HgCO = ^ 2 ^ ‘ 

2 : 2'-I)ietliylcUammo-l : I'-dinaphtliylmethane. 

No further addition of methylene occurs, even when excess of the 
aldehyde is employed. As the linking up of the nitrogen atoms by 
methylene does not occur in this case, it is improbable that the con- 
densation product from /3-naphthylamine has a constitution correspond- 
ing with II. 

The formula III gives a satisfactory explanation of the behaviour 
of the substance towards hydrolytic and reducing agents. With regard 
to the action of hydriodic acid and red phosphorus, it will be noticed 
that the nitrogen atoms now form part of a seven -membered closed 
chain, and the production of naphthacridine may be expressed as a dis- 
ruption of this unstable system, giving rise to the stable six-membered 
ring of the acridine type. 

Formaldehyde condenses with tertiary /3-naphthyl amine derivatives 
in accordance with the equation 

2Gj„H,-NRs + H^OO = + H,0. 

This reaction was found to occur in the case of dimethyl-^S-naphthyl- 
amine, diethyl-/3-naphthylamine, and dibemzyl-^-naphthylamine. In 
each case, condensation was effected in glacial acetic acid, and it was 
noticed that the heat developed by the reaction diminishes as the 
hydrogen atoms of the amino-group of the parent base are successively 
replaced by ^kyl radicles. The reaction with /3-naphthylamine 
extremely vigorous, and the mixture must be cooled in a freeizing 
mixture to prevent the formation of tarry products | in the case of 
ethy l-/?-naphthylamine , there is an appreciable rise of temperature, but 
the action is so far under control that no external cooling is needed, 
the condensation with die thyl-^-naphthylamine proceeds very slowly 
at the ordinary temperature, and it is therefore advisable either to 
apply heat or to add a dehydrating agent such as acetic anhydride. 

The diphenylmethane bases containing the amino-group in the para- 
position, relatively to the methane carbon atom, are readily oxidised 
into colouring matters, whereas the dinaphthylmethane compounds, 
produced from )8-naphthylamine and its alkyl derivatives, do not 
yield coloured substances when submitted to this treatment. 

VOL. Lxxm 
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Dimethyl-a-naphtliylamine was also condensed with formaldehyde 
in order to see whether a change in the orientation of the aminic 
nitrogen would affect this result ; the product was a dinaphthyl- 
methane base, CH 2 (OiQHQ*]NMe 2 ) 2 , which, like its ^-isomeride, gave 
MO colour reaction with lead peroxide. Friedlander and Welmans 
prepared the corresponding phenyldinaphthylmethane base from di- 
methyl-a-naphthylamine and benzaldehyde, and obtained a similar 
negative result with this oxidising agent 1888, 21, 3123). 

Since the methylene and beixzylidene groups invariably enter the 
ring in accordance with the para-ortho ” law, it follows that the 
condensation products from dimethyl-a-naphthylamine may have one 
of three constitutions ; they may be either aa-(dipara), a)S-(paraortho), 
or )8j8"(diortho)-dinaphthylmethane derivatives. The non-formation 
of a coloured oxidation product seems to indicate that the bases are 
^^-compounds, containing both aminic nitrogen atoms in the ortho- 
position relatively to the methane carbon atom, but, although this 
fact would be conclusive evidence in the benzene series, yet it can- 
not be accepted as final in the case of these naphthalenoid deriva- 
tives, inasmuch as colouring matters of the rosaniline type containing 
only naphthalene nuclei have never been obtained, and it is there- 
fore probable that the nature of. the aromatic residue attached to the 
central carbon atom plays an important part in modifying the 
behaviour of the compound towards oxidising agents. 

Naphthacridine is produced from j8-naphthylamine and formalde- 
hyde when the condensation takes place in the presence of mineral 
acids, a labile isomeride, isonaphtha^ridinej being formed an inter- 
mediate product. 

the prMuction of in one operation — a change 

liLVciying simultaneous oxidation and the elimination of ammonia — 
is peculiar to jS-naphthylamine | in the benzene series, the inter- 
mediate products can usually be isolated, owing to their greater 
stability. m-Toluylenediamine, for example, when condensed with 
formaldehyde, yields a tetraminodiphenylmethane containing two 
amino-groups in the ortho-position relatively to methylene ; this base 
is quite stable, and only loses ammonia on digesting with acids, the 
product being the leuco-base of acridine yellow, which furnishes 
the colouring matter by subsequent oxidation (Leonhardt, D. E.-P, 
52324, 70935). 

The formation of naphthacridine may be represented as taking place 
in follow;ing stages : 

^ ^l) 2 C,,H^-NHs +H 2 CO = CioH8<nS!>OioH 6 + NHg + H^O, the 
^^hydronaphthacridine (unstable) at once becoming oxidised. 

■ W Pi^^i$>GioH6tO=Cxo (unstable), 
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and the intermediate oxidation product undergoing further conden- 
sation. 

(3) - HP = Ci„He<^^OioHe (labile) = 

^^ 10^0 (stable). 

When ethyl-)S-naphthylamin 0 is substituted for ^-naphthylamine in 
this reaction, 2 mols. of the base condense with 1 of the aldehyde, 
and ethylamine is eliminated instead of ammonia. The product con- 
tains oxygen, and has the composition C 23 H;^gON. The analytical 
data point to its being an ethyl derivative of the intermediate oxida- 
tion product of dihydronaphthacridine, and this view of its constitution 
is in accordance with the mode of formation 

2CioH7NHEt + HpO + 0 = OjoHjC^^ + EtNHj + Hp. 

ar-Tetrahydrodiethyl-yS-naphthylamine, which, according to Bam- 
berger’s researches, must be regarded as a benzenoid amine, does not 
react with formaldehyde under the conditions employed in the forma- 
ation of 2 : 2'-tetrethyldiamino-l : I'-dinaphthylmethane. The methyl- 
ene group shows very little tendency to take up the ortho-position 
relatively to an amino-radicle in the nucleus of a benzenoid amine, 
only a very small yield of the ditolylmethane base, CH 2 (OQHgMe*NH 2)2 
[Me : CHg ; NHg- 1:3:4], being obtained by the intramolecular 
rearrangement of methylenedi-^-toluidine (Eberhardt and W'elter, 
B&i\, 1894, 27, 1804). The reactivity of the hydrogen atom in the 
contiguous a-position is a property of jS-naphthylamine, and disappears 
when the naphthalenoid character of the aromatic nucleus is destroyed. 

Experimental. 

Frepa/ratim of 

Lellmann and Schmidt brominated aceto-jS-naphthalide dissolved in 
50 per cent, acetic acid (Ben, 1887, 20, 2154), but the recrystaUised 
acetyl compound is so insoluble in this medium that it was found 
more convenient to dissolve it in glacial acetic acid. 

The following method was found to give a good yield of 1-bromo- 
2-acetonaphthalide. Aoeto-ZJ-naphthalide (30 grams) was dissolved 
in 7 parts of glacial acetic acid, and the theoretical quantity of 
bromine (26 grams) dissolved in 2 parts of the same solvent slowly 
added. The mixture was agitated continuously, and after the addi- 
tion of the bromine, the precipitate of l-bromo-2-acetonaphthalide was 
collected, washed with glacial acetic acid, dissolved in alcohol, and 
hydrolysed by boiling with concentrated hydrochloric acid until the 

3 L 2 
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precipitation of l-bromo-2-naplitliylamine hydrochloride was complete. 
The base, obtained by decomposing the hydrochloride] with caustic 
soda, was repeatedly crystallised from light petroleum, and separated 
in colourless needles melting at 63°. 

Action of FoTTnaldehyde on \-Bromo-%-napKtJiylamine, Meihylmedi-^\~ 
br(mo-^-^aphthylamine, 

l-Bromo-2-naphthylamine dissolved in four times its weight of 
glacial acetic acid was treated with excess of formaldehyde solution. 
There was no apparent change, and no rise of temperature was 
observed, but on diluting the solution with water, a white precipitate 
was obtained which melted above 100°. The substance, which was 
produced with equal readiness by the addition of formaldehyde solu- 
tion to an alcoholic solution of l-bromo-2-naphthylamine, was recrys- 
tallised from alcohol, when the melting point rose to 141 — 143°. It 
was soon noticed that the new compound was somewhat unstable in 
character, for its solution in alcohol, benzene, or chloroform darkened 
on boiling, and a red, resinous substance was precipitated. Great 
care had to be exercised in order to obtain a colourless specimen. A 
portion of the substance, dried on porous plates, was finely powdered 
and added to benzene heated nearly to boiling \ the substance rapidly 
dissolved, and the solution was filtered into a vessel provided with 
a tightly fitting stopper, and allowed to cool. The compound 
crystallised in colourless needles with a silky lustre, and melted at 

145° V - 

0-2011 gave 0‘4118 COj and 0*0674 HgO. 0=^55*84; H = 3-72. 

0*2432 002 „ 0-0438 HgO. 0 = 55-27; H- 4-05. 
0*1878 „ 0*1530 AgBr. Br« 34*67. 

6*1463 „ 8-1 c.c. moist nitrogen at 22° and 765 mm. N = 6*36. 

OgiHjglTgBrgrequiresO = 55-26 ; H = 3*51 ; Br= 35*08 ; = 6*14per cent. 

When heated for a short time at 90°, the colourless, silky needles 
become reddened, and the same change takes place more slowly when 
the crystals are exposed to light. 

Methylenedi-l~hromo-2^naphthylamine^ OH 2 (NH’Oio-H;(jBr) 2 , when 
warmed with dilute acids, is partly hydrolysed into its generators, form- 
aldehyde and l-bromo-2-naphthylamine ; at the same time, a portion 
is decomposed, yielding the resinous product previously mentioned. 

A weighed quantity of the anhydro-base (0*4 — 0*7 gram) was sus- 
pended in 12 c.c. of a glacial acetic acid solution of phloroglucinol, 
and heated at 70° for about 2 hours, the solution was then diluted 
with an equal bulk of water and the precipitated phloroglucide col- 
lected in a €k>och crucible, dried at HO — 120°, and weighed. 
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0*4428 gave 0*1033 phloroglucide. CH2 = 2*35, 

0*7273 „ 0*2369 „ CH2 = 3*25. 

CH2{OiQHgBr)2 requires OH2~2*82 per cent. 

The regenerated l-bromo-2-naphthylamine was obtained by render- 
ing the filtrates ammoniacal ; after crystallisation from light petroleum 
it melted at 60*^ (corr. 63°). 


Preparation of l-Ghloro-2-naplhthylamine. 

Cleve states that l-chloro-2-acetonapht halide is produced by pass- 
ing one molecular proportion of chlorine into a solution of aceto-)^- 
naphthalide in dilute acetic acid. Becrystallised aceto-^^-naphthalide 
is almost insoluble in dilute acetic acid, and it was found impossible 
to obtain a clean product by using this method. Chlorination by 
means of sulphury! chloride did not lead to very satisfactory results. 

I am indebted to Dr. Wynne for the details of the following 
method. A solution of 110 grams of aceto-^-naphthalide in 1800 grams 
of glacial acetic acid was heated at 45 — 50°, and chlorine was passed 
in until the increase in weight corresponded with the addition of one 
molecular proportion of the gas. The l-chloro-2-acetonaphthalide> 
which separated during the action, was collected, recrystallised from 
alcohol, and hydrolysed by boiling with excess of hydrochloric acid 
in alcoholic solution. The hydrochloride of 1-chloro- 2-naphthyl** 
amine, precipitated on cooling the alcoholic solution, was decomposed 
with caustic soda ; the base, after repeated crystallisation from light 
petroleum, separated in colourless needles melting at 60°, 


Action of Formaldehyde on \-Ghloro-%-naphthylarnme. Methylenedi-\- 
chloo^o-2-naphthylcmine, 

MethyUnediA-chloro^%-naphthylamin6^ OH2(N’H[*Oj0H0Ol)y was pre- 
pared in a precisely similar manner to the bromo-derivative jtuat 
described, by the action of formaldehyde on l-chloro-2-naphthylamine 
in alcoholic or glacial acetic acid solution. The compound crystallises 
from chloroform or benzene in colourless needles with a silky lustre. 
It melts at 179 — 180°. A specimen, crystallised from chloroform, 
was analysed with the following results : 

0*1907 gave 0*4816 COs^and 0*0821 HgO. 0« 68*87; H«4*78. 

0*1447 „ 0*1153 AgOl. 01-19*71. 

0*1502 „ 10*3 c.c. moist nitrogen at 15° and 768 mm. 17 — 7*98. 

With another specimen, crystallised from benzene, the following 
numbers were obtained ; 
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0*1520 gave 0*3831 00^ and 0*0681 HgO. 0 - 68*60 ; H-4*98. 

0*1514 „ 0*1194 AgOL 01=19*50. 

C2iHi6N20l2requiresC = 68*66; H = 4*37; 01 = 19*34; N = 7*63percent. 

In outward appearance, this conapound closely resembles the bromo- 
derivative, but it is far more stable, and its solution in benzene or 
chloroform may be boiled for several hours without decomposition. 
When heated with dilute mineral acids, it is completely hydrolysed 
into its generators, formaldehyde and l-ehloro-2-naphthylamine. 

The decomposition with phloroglucinol was carried out in precisely 
the same manner as in the case of the analogous bromine compound. 

0*4806 gave 0T687 phloroglucide. CH2=»3*5L 

0*6210 ,, 0*2140 „ 0H2=3*44. 

requires OHg = 3*81 per cent. 

The regenerated l-chloro-2-naphthylamine was precipitated from 
the filtrates and recrystallised from petroleum ; it then melted at 59° 
(corr. 60°). 

Preparation of Dimethyl- P-naphthylamine, 

This base is most conveniently obtained by the method employed 
by Bamberger {Bei\^ 1889, 22, 1306). 143 grams of ^-naphthylamine 
(1 moL), intimately mixed with caustic soda (2| mols.) and 90 c.c. of 
water, are heated with methyl iodide (3 mols.) at 120° for 5 — 6 hours. 
The ^-naphthyltrimethylammbnium iodide thus produced is separated 
from the admixed oily impurities by crystallisation from water. It 
separates in lustrous, white leaflets, the yield obtained from the above 
quantities being about 210 grams. 

A small amount of dimethyl-j3-naphthylamine is produced by the 
dry distillation of the quaternary iodide, but the base is obtained in 
almost quantitative yield by gently heating the corresponding chloride 
or hydroxide. 

The chloride is produced* by digesting a warm solution of the 
iodide with freshly precipitated silver chloride ; it is extremely 
soluble, and can only be isolated in the form of its platmiokloride. 
This substance crystallises from alcohol in transparent, orange plates, 
and melts at 198°. 


0*2225 gave 0*559 Pt. Pt = 25*12. 

(Oi^HYjNMe 3 ) 2 PtClQ requires Pb = 25*00 per cent. 

When the aqueous solution of /3-naphthyltrimethylammonium 
chloride is evaporated to dryness, methyl chloride is evolved and 
dimethyl-^naphthylamine remains in the residue. The same result 
by evaporating down a solution of )8-naphthyltrimethyh 
hydroxide prepared by digesting the iodide with mois t 
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silver oxide. In both cases, the reaction is completed by raising the 
temperature of the residue to 130°. The dimethyh/8-naphthylamine 
solidifies on cooling, and, after two crystallisations from dilute 
methyl alcohol, melts at 46°. 

Action of Formaldehyde on Dimethyl- j^-naplithylamine. 2 : ^-Tetra- 
methyldiamino-1 : V-dinaphthylmethane. 

Dimethyl-/3-naphthylamine (10 grams), dissolved in 50 grams of 
glacial acetic acid and 20 grams of acetic anhydride, is treated with 
5 grams of formaldehyde solution (35 per cent.). There is no change 
in the colour of the solution, nor is there any appreciable rise of 
temperature, the reaction being far less energetic than in the case of 
/3-naphthylamme. After remaining for 12 hours, the solution is 
poured into cold water, the excess of acid neutralised with ammonia, 
and the precipitated base dried on porous plates. Theyield is quantitative. 

2 x^'-TetramethyldiaminoA. : 1 '-dinaphthylrmthane^ OIi2[OiQH0*]Sr(OH3)2]2i 
is readily soluble in methyl or ethyl alcohol or ethyl acetate, and 
crystallises from these solvents in transparent, colourless, flattened 
prisms with obliquely truncated ends. It melts at 144°. 

0-1317 gave 0*4096 COg and 0*0878 H^O. 0 = 84*80 ; H = 7*40. 
0-1629 „ 0*4719 002 „ 0*1042 HgO. 0 = 84*71 ; H = 7*67. 

0*1041 „ 7*4 c.c. moistmitrogen at 21° and 766 mm. ^ N = 8*04. 

O25H26N2 requires 0 = 84*74. H - 7*34 ; N == 7*91 per cent. 

The picrate crystallises from alcohol in yellow leaflets melting at 
193--194°. 

Unlike dimethyl-^- naphthylamine, the new base shows no tendency 
to form a quaternary iodide j combination does not occur when it is 
heated for some hours at 1 10° with excess of methyl iodide. 

Preparation qf Diethyl-^-maphthylomine. 

Diethyh^-naphthylamine has been studied previously 1^9^ 
22, 1761), but no account of its preparation is to be found in the 
literature. It may, however, be prepared more readily than dimethyl- 
/J-naphthylamine, its lower homologue, as the ethylation stops at 
the formation of the tertiary base* ; ^ 

An intimate mixture of 39 grams of /8-naphthylamine, 22 grams of 
caustic soda, and 22 c.c. of water was heated with 86 grams of ethyl 
iodide (2 mols.) in sealed tubes, at 120°, for 7 — 8 hours. The product 
was an oil, which was dried over caustic potash, and subsequently 
fractionated. The greater portion distilled over between 309° and 
313° This fraction did not give a nitrosamine when treated with 
hydrochloric acid and sodium nitrite, and was not acted on by acetic 
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anhydride* It was again fractionated, and the portion boiling at 
310 — 312^^ (uncorr.) under 764 mm, pressure was utilised in the 
following experiment. 


Action of Formaldehyde on Diethyl-P~naphthylamine, 2 : -Tetraethyl- 
diamino-l : V-dinaphthyhnetham, 

A solution containing 18 grams of diethyl-j8-naphthylamine in 30 
grains of glaciah acetic acid and 8 grams of acetic anhydride was 
treated with 5 grams of formaldehyde solution (35 per cent.) ; the 
mixture, after remaining for 12 hours, was heated to boiling for a 
few minutes, and then added to a large volume of cold water. The 
solution was neutralised with ammonia, and the semi-solid mass 
which separated was collected and drained on porous plates. The 
yield of crude base was about 16 grams. 

2 : -Tetrcbethyldiamino-\ : V-dinaphthyhnethmie, 

crystallises from ethyl acetate in large, transparent, colourless, tabular 
prisms, melts at 114% and is more soluble than its tetramethyl homo- 
logue, which it resembles in appearance. For the purpose of analysis, 
a portion was crystallised from ethyl alcohol. 

0*1436 gave 0*4500 OOg and 0*1083 HgO. 0 = 85*46; H=:8*38. 

0*2118 „ 0*6626 002 „ 0*1627 HgO. 0 = 85*31 ; H = 8*53. 

0*1845 „ 11 c.c. moist nitrogen at 17® and 764 mm. N = 6 94. 

0*3554 „ 21*7c.c. „ „ „ 13*5® and 741 mm. N = 7*06. 

requires 0 = 84*88 ; H = 8*29 ; N = 6*83 per cent. 

I was enabled, through the kindness of Dr. Sidney Williamson, to 
compare the diethyl-/?-naphthylamine, prepared by the above method, 
with a specimen of the base employed in his researches with 
Bamberger (^en, 1889, 22, 1761). The latter specimen, when con- 
densed with formaldehyde, yielded a base which crystallised from ethyl 
acetate in transparent, tabular prisms melting at 114°, and was iden- 
tical in every respect with the base obtained from my preparation. 


Formaldehyde and 2it-Tetrahydrodiethyl-P^aphthylcmme. 

Six grams of ar-tetrahydrodiethyl-^naphthylamine (b. p. 296°), 
dissolved in 48 grams of a mixture of glacial acetic acid and acetic 
anhydride (1 :1), were treated at the ordinary temperature with 3*5 
c,c. of forinaldehyde solution (35 per c^nt,). After a fortnight the 
stdntion was neutralised with ammonia and extracted with ether ; the 
proved to be the unaltered substance and 3 — 4 
boiling at 293 — 297° under 748 mm. pressure, 
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A similar negative result was obtained on beating the solution of 
base and aldehyde at 100 — 110® for several hours. 

Benzylation of ^-Naphthylamine^ Dihenzyl’^jS-^aphthyUmine. 

A mixture of ^-naphthylamine (1 mol.) and benzyl chloride mols.) 
with a slight excess of 10 per cent, caustic soda solution, was heated 
at 100° for 7 — SJiours, and the tarry product, after washing with 
warm water until free from alkali, was digested with cold ethyl alcohol 
to remove any unaltered )S-naphthylamine. When a small portion 
of the alcoholic washings treated with hydrochloric acid and sodium 
nitrite no longer gave a red coloration with an alkaline solution of 
yS-naphthol, the residue was dissolved in hot ethyl acetate. The solu- 
tion, on cooling, deposited hard, nodular crystals melting at 118° 
After repeated crystallisations from alcohol, in which the base is 
sparingly soluble, transparent, colourless lath-like crystals were ob- 
tained, melting at 119 — 120°; these became slightly pink on exposure 
to the air. On analysis : 

0*1642 gave 0*6058 OOg and 0*0899 HgO. 89*39 ; H-6*42. 

01074 „ 4*3 c.c. moist nitrogen at 19° and 763 mm. N«4*62. 

^ 24 ^ 21 ^ requires 0 = 89*16; B[ = 6*50; N = 4*30 per cent. 

Bihenzyl-p-naphthylaminey CiQH^*]Nr(Oi^H^) 2 , crystallises in the free 
state from glacial acetic acid, and its salts are decomposed by water. 

The picrate crystallises from an alcoholic solution in opaque, yellow 
scales, melting at 137 — 138°. 

The platinicMoHde is obtained from an alcoholic solution as a 
brownish-yellow precipitate. 

Monobenzyl-^-naphthylamine, which has been prepared by reducing 
benzylidene-^-naphthylamine with sodium amalgam in alcoholic solu- 
tion {Anncdm, 1887, 241, 260), was not obtained by direct benzylation. 

AcUm qf Formaldehyde on Dihmzylrp^naphthylamim, 2 : 
dicmino-\ 

The condensation with formaldehyde takes place less readily with 
dibenzyl-)8-naphthylamine than with the two dialkyl-jS-naphthylamines. 

A solution of 3*2 grams of dibenzyI-)S-naphthyIamine in 40 grams 
of glacial acetic acid and 3 grams of acetic anhydride was treated with 
5 c.c. of formaldehyde solution (35 per cent.), the mixture heated to boil- 
ing and then allowed to cool. The first crop of crystals which separated 
consisted of the unaltered base, and melted at 114°. On allowing 
the filtrate to remain overnight, a second crop separated ; this appeared 
to be a mixture, for it melted somewhat indefinitely, softening at 140° 
and fusing at 164° After recrystallisation from ethyl acetate, the 
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melting point was raised to 164° As condensation had evidently 
been effected, the experiment was repeated with a similar mixture, 
but on boiling for 4 — 5 hours only tarry products were obtained. 

The condensation product was best obtained in the following manner. 
A solution containing 6 grams of dibenzyl-j8-naphthylamine in 60 c.c. 
of glacial acetic acid and 4 grams of acetic anhydride was treated in 
the cold with 2*5 c.c. of formaldehyde solution, and then gently boiled 
for 30 — 45 minutes; on cooling, it deposited a white, crystalline sub- 
stance which melted at 159—160°. 2 \ %~TetmhenzyUi(mmno-\ : I'-c^t- 

Tia^Mhylmethaney OH 2 [On>Hg*]Sr(G|^H 7 ) 2 ] 2 > is sparingly soluble in 
alcohol, and forms transparent, colourless, glistening plates melting 
at 164— 165° 

0-1516 gave 0*4977 COg and 0*0883 H^O. 0 = 89*63 ; H = 6*40. 

^ 49 ^ 42^2 requires C = 89*36 ; H = 6*38 per cent. 

The three dinaphthylmethane derivatives, unlike tetramethyl- 
diam in odiphenylme thane, do not yield coloured substances on treat- 
ment with lead peroxide or benzoyl chloride. 


Action of Fommldehyde on Bimethyl-a'^ipkthylm 1 : V-Tetramethyl- 

diaminodinaphthylniethomc, 

Dimethyl-a-naphthylamine was prepared according to the method 
given by Hantzsch 1880, 13, 1348 ; 1888, 21, 3124) and purified 
from traces of a-naphtbylamine and monomethyl base by treatment 
-with acetic anhydride. The product employed in the following experi- 
ments boiled at 270— 271° under 755 mm. pressure, 

A solution of 4 gleams of dimethyl-a-naphthylamine in 20 grams of 
cold glacial acetic acid, treated with 1 c.c. of formaldehyde solution 
(36 per cent.) and 1 c.c. of concentrated hydrochloric acid, was allowed 
to remain overnight, then heated to boiling for a few minutes and 
poured into cold water. The excess of acid was neutralised with 
ammonia and the pasty mass which separated was drained on porous 
plates and reerystallised from ethyl acetate. 

1 : V-TetraTmthyMiaminodiTUiphthylmethane, OH2[OjQHg*3Sr(CH3)2]2, 
separates from ethyl acetate in clusters of hard, ti*ansparent, colourless 
prisms which become tinged with yellow on exposure ; it melts at 177°. 

0*1798 gave 0*5554 OOg and 0*1164 HgO. 0 = 84*28; H = 7*19. 

0*1499 „ 0*4650 002 „ 0*1007 HgO. 0 = 84*60 ; 7*47. 

0*0865 „ 5*8c.c.mdistnitrogenatl4*5°and768mm. 17 = 7*95, 

H=7*34; 17 = 7*91 percent, 

this 

177° 


is a possib^ obtaining three isomerides in 

liquors from the compound melting at 
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were allowed to evaporate nearly to dryness. It was found, however, 
that the crystals which had separated melted at 172° and gave the 
same melting point when mixed with an equal amount of the substance 
from the first crop. 

1 : r-Tetramethyldiaminodinaphthylmethane is not oxidised to a 
coloured substance by lead peroxide ; in this respect it resembles the 
compound obtained by Friedlander and Welmans from dimethyl-a- 
naphthylamine and benzaldehyde (Ber., 1888, 21 , 3123). 


Action of Formaldehyde on JEthyl'^-naphthylamim, 2 : 2' -Diethyldi- 

amino-l : V-dinaphthylmethane, 

Ethyl-^-naphtbylamine was prepared according to the method 
described by Otto Fischer {Ber., 1893, 20, 193), and the product 
employed in the following experiments, boiled at 309 — 311° under 
758 mm. pressure. The freshly distilled base is almost colourless, 
but rapidly darkens on exposure to light, and develops an intense 
blue fluorescence. 

2 : 2'-Difithyldicmino-l \ V’-dinaphthylamine^ GH 2 (CiqH 3 *NII* 0311 ^^) 2 . 
— ^To prepare this base, 7 grams of formaldehyde solution are added to a 
solution of 20 grams of ethyl-^-naphthylamine in 80 grams of glacial 
acetic acid. The solution assumes a deep colour, and rapidly becomes 
pasty from the separation of a crystalline precipitate ; the reaction 
is accompanied by an appreciable rise in temperature, but cooling 
with ice is not necessary. The precipitate ifi washed with acetic acid 
and alcohol until colourless"; the filtrate is added to a large volume 
of water, the acid neutralised with ammonia, and the yellow, viscid 
mass which separates extracted with chloroform ; the extract yields a 
further quantity of the condensation product. The precipitate and 
the substance extracted with chloroform are mixed together, and 
crystallised from ethyl acetate, from which the base separates in well 
defined, transparent, colourless plates, melting at 197—198°. The 
following numbers were obtained on analysis ; 

0-1124 gave 0*3476 002 and 0-0761 HgO. 0« 84-31 j 7-62. 
0-1460 „ 0-4600 CO 2 „ O-OOeOHgO. 0««84*64;H«7-36. 

0-1685 „ 11-6 C.C. moist nitrogen at 20° and 766 mm. N « 7*82. 

OggHggNg requires 0 « 84*74 ; « 7-34 ; N » 7-91 per cent, 

The experiment was repeated with a large excess of formaldehyde 
in order to see whether further condensation in the side chains would 
occur, but 2 : 2 '*diethyldiamino-l : T-dinaphthylmethane was the only 
product. This base is also produced by dissolving ethyl-^-naphthyl- 
amine hydrochloride in glacial acetic acid, and adding successively the 
requisite quantities of sodium acetate and formaldehyde solution. 
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The dihenzoyl derivative, CH2[OioHg-N(C2Hi5)*CO*OgH5]2» pre- 
pared by the Schotten-Baumann method. The semi-solid mass, 
obtained by shahing up the base with excess of benzoyl chloride and 
a solution of caustic potash, was triturated with ether to remove an 
oily impurity, and the crystalline solid, after drying on porous plates, 
extracted with benzene. To the filtered solution, an equal Yolume of 
petroleum was added, and the benzoyl derivative, obtained In small> 
colourless plates, was recrystallised from alcohol. It forms trans- 
parent, colourless, highly refractive prisms, and melts at 196®. This 
melting point is very close to that of the original base, but a mixture 
of the two substances melts at 171 — 172®. 

O’1650 gave 7*1 c.c. moist nitrogen at 18® and 764 mm, IsT =ss4*99. 

C39H34O2N2 requires N = 4*97 per cent. 


Action of Formctldehyde on Bthyl-^-nafhthylamim Hydrochloride in 
Alcoholic Solution, 


Twenty-five grams of ethyl-^-naphthylamine hydrochloride dis- 
solved in 300 grams of alcohol were heated for 15 minutes with 13 
grams of formaldehyde solution. The colour of the solution changed 
from light brown to deep red, and a precipitate was produced. The 
alcohol was removed as far as possible by distillation, the residue 
washed with water, filtered, boiled with alcoholic potash, poured into 
water, and the precipitated bases collected, dried on porous plates, and 
extracted with benzene. The benzene extract, on cooling, yielded a 
dark brown, crystalline precipitate, which was again crystallised from 
this solvent. The product was a mixture of two bases, and their com- 
plete separation was a matter of some difficulty. The mixture was 
dissolved in ethyl acetate, and the first crop of crystals repeatedly 
crystallised from this solvent until the melting point remained con- 
stant. The substance separated in colourless plates melting at 
197 — 198®, and was identified as 2 : 2 -diethyldiamino-1 : 1'-dinaphthyl- 
methane, the base obtained in the preceding condensation. 

The ethyl acetate mother liquors, on the addition of alcohol, gave 
a light brown, crystalline precipitate, which was crystallised from 
alcohol until the melting point remained constant at 157 — 158®. The 
substance separates in transparent, colourless prisms, which become 
opaque on warming, and darken on exposure to light. A portion, 
dried at 90—100® until constant in weight, was analysed, with the 
fpllowing results : 


0*2547 gave 0*7915 COg and 0*1441 HgO. 0 ^ 84*70 ; 
: . „ 0*4703 OOg „ 0*0882 HgO. 0^84*88 ; 

6:3 C.C. moist nitrogen at 19® and 770 mm. 


H=:6*37. 
H-6-40. 
N = 4*29. 
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Anothw specimen, crystallised from benzene, remained constant in 
weight when heated for hours at 90 — 100°, and was analysed. 

0*1739 gave 0*5401 CO^ and 0*1028 HgO. C« 84*70 ; H-6‘56. 

0*1969 „ 0*6085 002 „ 0*1147 HgO. 0 = 84*28 ; H = 6*47. 

0*2558 „ 9*6 c.c. moist nitrogen at 16° and 772 mm. N = 4*44. 

OgsHjgON requires 0 = 84*92 ; H = 5*84 ; IT = 4*30 per cent. 

The analytical results indicate that the substance contains oxygen, 
and that it is formed by the elimination of half the nitrogen from two 
mols. of ethyl-jS-naphthylamine (see p. 819). 

It is very soluble in ethyl acetate or chloroform, and crystallises 
from its solution in either solvent in well defined, colourless prisms. 
When crystallised from alcohol and dried at the ordinary temperature, 
it contains 1 mol. of alcohol of crystallisation. An air-dried specimen 
gave the following numbers *. 

0*1403 gave 0*4154 COg and 0*0910 HgO. 0 = 80*74 ; H=7*20. 

OggHjgOir + CgHgO requires 0 = 80*86 ; H = 7*01 per cent. 

The base, OggHjgOlT, when treated with acetic anhydride, benzoyl 
chloride (Schotten-Baumann method), or hydriodic acid and red phos- 
phorus at 170° gives rise to resinous products. 

The formation of a compound having the above constitution in- 
volves the elimination of ethylamine, and this base was identified in the 
following manner. The aqueous filtrate from the original precipitate 
was rendered alkaline, and distilled in a fiask fitted with Eljeldahl 
bulbs, the ammoniacal gas evolved being passed into hydrochloric 
acid. On the addition of platinic chloride, an orange platinichloride was 
obtained which crystallised in hexagonal plates. On analysis : 

0*3403 gave 0*1322 Pt. Pt = 38*84. 

0*3926 „ 0*1522 Pt. Pt = 38*80. 

{G 2 Hg’l!TH 2 ) 2 ,H 2 PtClQ requires Pt = 39*00 per cent. 

Considerable progress has been made in the study of the action of 
benzaldehyde and its analogues on the alkyl and halogen derivatives 
of /J-naphthylamine, and the results will be made known in a subse- 
quent communication. 

Royai. CoLLBOB or Science, Lohdon, 

South Kensington, S.W. , 
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LXXV. — Estimatio7i of Hypoiodites and lodates and the 
Reaction of Iodine Monochloride with Alkalis. 

By K. J. P. Ortont and W. L. B 14 ACKMAN, 

Several characteristic properties of solutions of hypoiodites have been 
recorded, that is, of solutions obtained by causing iodine (in the solid 
form or in solution) to react with solutions of alkalis. 

The evolution of oxygen from hydrogen peroxide and barium 
peroxide, and the liberation of iodine from potassium iodide were 
noted by Schdnbein {J, pr, Chern., 1861, 84, 385) and Seliwanow 
{Ber.y 1894, 27, 1013) ; and the bleaching of indigo carmine and 
cochineal by Lunge and Schock (Ber.f 1882, 15, 1883). The former 
reaction they attempted to apply quantitatively. Lonnes {Zeit. anal, 
Chem,) J894, 33, 409) found that sodium arsenite, and Pochard {Compt. 
re7id,i 1899, 128, 1453) that ferrous sulphate, were oxidised by these 
solutions. 

The authors have used a modification of a method, proposed by 
Lonnes iJ>oc, cit,), in which the oxidation of arsenite is employed to 
estimate the hypoiodite, the reaction being represented by the follow- 
ing equation : v 

MIO + HgAsOg « HgAsO^ + ML 

The iodate is estimated by acidifying the solution and titrating 
the iodine liberated by sodium sulphite or thiosulphate. 

The solutions were prepared by mixing solutions of iodine in potass- 
ium iodide with alkalis, and from solutions of iodine monochloride in 
hydrochloric acid * and alkalis. The reaction of iodine monochloride 
with alkalis is shown to be represented by the equation. 

6KOH + 3IC1 - 3KIO + 3KC1 + fiHgO. 

SKID = 2K1 + KIO 3 . 

Initially, no potassium iodide is formed as in the reaction of iodine 
and alkalis. As the presence of potassium iodide has a disturbing 
effect, a greater excess of alkali is necessary before the reaction of 
iodine with starch or chloroform ceases (compare Lonnes and Pochard, 
loc, cU,), In our experiments, sufficient alkali was always present to 
ensure the absence of any free iodine. The solutions prepared re- 
semble those obtained from iodine they have a characteristic odour 

* A 3/10 to 4/10 solution of iodine monochloride is easily made by gently 
warming 10 grams of iodine with a mixture of the calculated quantity (2*8 c.c.) of 
gx. 1*4, and 80—40 c.c. of concentrated HCl of sp. gr. 1*15. When 
has dissolved, the solution is diluted to 2^0 c.c. with water or dilute 
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resembling that of iodoform or safeanine, and are pale straw-yellow. 
They oxidise arsenite, sulphite, and thiosulphate immediately. On 
standing, the hypoiodite disappears, and in most cases is not recognis- 
able after 24 hours ; ammonium hypoiodite, however, is much more 
stable and is not wholly decomposed after 2 weeks. When not too dilute, 
they give a precipitate of nitrogen iodide with ammonia. A trace of 
hypoiodite is readily recognisable, when no large quantity of alkali is 
present, by adding first sodium or potassium hydrogen carbonate and 
starch and finally potassium iodide. A blue colour immediately ap- 
pears. If iodide is already present in quantity, the blue colour 
develops without the addition of potassium iodide (compare Taylor, 
this voL, 729), 

Eetimation of Hypoioditea md lodate. 

Excess of a standard solution of sodium arsenite is added to the 
alkaline hypoiodite. After standing for a short: time, the alkali is re- 
moved by carbon dioxide,^ and then the excess of arsenite estimated 
by standard iodine. Experiments have shown that under these cir- 
cumstances the arsenite is not affected by iodate and iodide (compare 
Lonnes, loc. ciL). When ammonia is the alkali, it can be removed 
partly by boiling. The iodate is now estimated by adding a little 
dilute sulphuric acid, and titrating any iodine set free, A further 
quantity of sulphuric acid is added, and followed by addition of 
sulphite (or thiosulphate), and so on, until the solution is acid. This 
procedure avoids loss of iodine by the evolution of carbon dioxide, and 
further prevents the solution from ever becoming very acid, with the 
consequent interaction of the arsenate with the hydriodic acid. The 
following experiments show that this method is fairly trustworthy, 

(1) To TOO c.c. of a solution containing 0*59 gram of potassium 
iodate and about 1 gram of potassium iodide, 10 c.c, of a 35 per cent, 
solution of potassium hydroxide were added, and then 26*6 c.c, of 
A/IO arsenious oxide. The solu.tion was now saturated with carbon 
dioxide and allowed to stand 4 days, 26'6 c.c. W/10 iodine were 
required to oxidise the arsenite. The iodate was now estimated in an 
aliquot part. 0*6904 gram was found. 

(2) 7*16 c.c* of W/IO arsenious oxide were added to a solution of 
ammonia (3A) containing 0*1 grain of potassium iodate. After partial 
removal of the ammonia by boiling and conversion into carbonate by 
carbon dioxide, 7*15 c.c. W/IO iodine were required to oxidise the 
arsenite, and 0*1003 gram of potassium iodate was found. 

Similar experiments gave equally satisfactory results. As a rule, 
the amount of iodate found is slightly in excess of that taken. 

* bonnes only used such dilute solutions of alkalis that this operation was not 
necessary. 
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Solutions of Potassium and Sodium Hydroxide, 

To a 4 per cent, solution of potash, the solution of iodine mono- 
chloride in hydrochloric acid was cautiously added. At intervals, 
100 c.c. of hypoiodite solution were withdrawn and titrated as above. 
The temperature during the experiment was not absolutely constant, 
but about 15^, 

Estimated by distillation with ferric alum and sulphuric acid after 
conversion of the iodate into iodide by sulphurous acid, the total 
iodine per 100 c.c. = 24*05 c.c. of AT/IO iodine, or 0*3054 gram. 


Time. 

Percentage of iodine 
as hypoiodite. 

Percentage of iodine 
as iodate and iodide. 

5 mins 

>.... 78*96 

21-4 

46 „ 

35*5 

64*2 

60 „ 

26*0 

73*8 

24 hours 

0*24 

100*0 


In a similar experiment in which 20 c.c. of NjlO iodine in a solution 
of potassium iodide was added to 100 c.c. of 4 per cent, potassium 
hydroxide, 77 per cent, of the iodine was present as hypoiodite after 
5 minutes, 31 per cent, after 20 minutes, 21*2 per cent, after 30 
minutes, and 14 per cent, after 45 minutes. 

Many series of analyses similar to the above were made, both with 
caustic potash and soda, giving the same results. After 24 hours, the 
whole of the hypoiodite had practically disappeared at the temperature 
of the laboratory (about 15°). Eight had little effect on the rate of 
transformation. Two exactly similar solutions were made up together 
— one kept in darkness and the other in diffused daylight. Each was 
titrated every half-hour. After hours, 50 c.c. of one oxidised 
3*86 C.C., and of the other 3*75 c.c. of A^IO arsenious oxide. 

With solutions of potash less concentrated than 3 per cent., the 
whole of the iodine can be found as hypoiodite for a very short time, 
but with more concentrated solutions some conversion into iodate and 
iodide had always taken place before the arsenite was added. Thus 
5 C.C. of an iodine monochloride solution were added to 75 c.c. of 3 per 
cent, aqueous potassium hydroxide, and excess of A/ 10 arsenious oxide 
immediately run in, but only 98*4 per cent, of the iodine was present 
as hypoiodite. 

Solutions of Calcium and Bounum Hydroxide, 

The solutions were ma,de up by adding the acid solution of iodine 
saturated solutions of the alkalis, and also, according 
v ^lUi^^nd-Sohock’s duections, by grinding up iodine with calcium 
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hydroxide and water, filtering, and making up to a given volume. The 
solutions obtained by each of these methods were titrated with arsenite 
and standard indigo. In the latter case, after addition of the indigo, 
the solution was allowed to stand for 15 minutes, and then the excess 
titrated with bleaching powder. 

(1) iVy25 calcium hydroxide solution. Temperature about 15° 
Total iodine per 100 c.c. = 1*92 o.c. of iT/lO iodine, or 0*0244 gram. 

Percentage of iodine Percentage of iodine c.c. of i\7'/10 indigo 


Time. as hypoiodite. as iodate and iodide. bleached. 

5 mins 95*6 3*1 7*4 

45 „ 68*7 29*6 7*0 

17 hours 8*4 91*1 6*0 


(2) A solution made by Lunge and Schock^s method, and containing 
iodine = 5*65 c.c. of A/IO iodine per 100 c.c. ( = 0*0717 gram) after 
standing for 70 hours, did not oxidise arsenite, but bleached indigo. 
In two titrations, 100 c.c. bleached («) 5*4 c.c., (5) 5*8 o.c. of 
indigo. 

When iodine in potassium iodide is used, similar results are obtained. 
With iodine monochloride all the iodine has been found present as 
hypoiodite for a short time. 

The transformation into iodate and iodide is considerably slower 
than with potassium hypoiodite. Thus, in 45 minutes, at about 15°, 
only 35 per cent, of hypoiodite has disappeared ; while with potassium 
hypoiodite considerably more than 60 per cent, has disappeared in the 
same time. The indigo, bleached by a given solution, is seen to bear 
no relation to the arsenite oxidised, or, indeed, to the iodine present. 
The action on indigo decreases but little as the hypoiodite diminishes, 
and is considerable with solutions which do not act on arsenite. This 
action is due to the alkali alone. Thus, after adding indigo to 100 c.c. 
of calcium hydroxide solution, and estimating the former after 15 
rnmutes standing, 6*3 o.o. of iV710 indigo had disappeared. The 
bleaching effect observed by Lunge and Schook in their solutions, 
which had stood lor 24 hours, is therefore probably due to the alkali, 
and not to hypoiodite (compare Taylor, Trans., 1900, 7T, 729). 

Sohtions qf Ammonia md Meiihytcmme* 

In the case of ammonia, only dilute solutions could be obtained, 
owing to the precipitation of nitrogen iodide on further addition of 
iodine monochloride. Admixture of iodine monochloride and me thy L 
amine solution {ZN) produces a yellow solution, and only after a con- 
siderable quantity of iodine monochloride has been added does a 
precipitate of methyldiiodoamine, OH^'NIg, appear. The alkaline 
yoL, lixxvn, 3 m 
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solutions thus obtained in many ways resemble hypoiodite solutions 
in their behaviour towards arsenite, and towards potassium iodide and 
sodium hydrogen carbonate, only they are far more stable. With am- 
monia, the formation of iodate and iodide is very slow, the change not 
being complete at the end of two weeks. With methylamine, the 
power of oxidising arsenite slowly diminishes, but in three weeks has 
not entirely disappeared. Iodate is only formed in vety small quantity, 
and cannot be detected for the first few days. Iodide is produced in 
the section from the product formed initially, 

(1) aqueous ammonia. Temperature 12 — 14®. 

Total iodine per 100 c.c. — 0*9 c.c, of W/IO iodine = (0*0114 gram). 



Per cent, of iodine 

Per cent, of iodine as 

Time. 

as hypoiodite. 

iodate and iodide. 

15 mins 

99-6 

0*0 

24 hours...... . 

83*3 

13'3 

48 „ 

77-7 

22*2 

72 „ 

66-6 

35*5 

28 days 

8*8 

93*3 

se titrationB were 

carried out with 300 c.c, of the solution, using AVI 00 


standard solutions. 


(3) 3i\r methylamine solution. Temperature 15®. 

Total iodine per 100 c.c. *=20*4 c.c of W/10 iodine ( = 0*259 gram). 



Per cent, of iodine 

Time. as hypoiodite. 

15 mins...... 10()’2 

Ihour ..V...., 99*2 

19 hours.,....,....,.. 80*7 

48 „ 74*8 

24 days 7*1 


Per cent, of iodine as 
iodate and iodide^ 
0-0 

^ 0^0 ' ' 

0*0 

0*0 

2*7 


It was thought that possibly in the case of methylamine the arsenite 
was oxidised by iodate, but this was shown not to be the case by a 
blank experiment. Also the same amount of oxidation of arsenite 
took place when excess of concentrated sodium hydroxide was added 
to the methylamine solution before the arsenite was run in. It ap- 
pears then that the initially formed product, whether methyldiiodo- 
amine, CHg'NIg, or hypoiodite, is fairly stable, and is only slowly con- 
verted into hydriodic acid (methylamine hydriodide) probably in 
oxidising some of the methylamine. This point will be further 
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Eeactim of Iodine with Merewrio Oxide, 

. {Foggendorff^ 8 Armden^ 1846, 66, 302) and Lippmann (Compf, 

rend,f 1866, 63, 968) have noticed the formation of hypoiodous acid (or 
mercury hypoiodite) when iodine is shaken up with water and mercuric 
oxide. In the presence of amylene, Lippmann -observed the formation 
of an iodohydrin. We have estimated the amount of hypoiodite and 
iodate in solutions prepared by shaking up finely-powdered iodine and 
mercuric oxide (precipitated) with water, alcohol being omitted 
owing to the action of hypoiodite on it. The shaking was continued 
for a few minutes, and the solution then filtered through asbestos or 
hardened filter paper. The solutions were neutry or faintly acid, the 
latter being the case when the shaking was not prolonged. They 
were colourless and gave no reaction with starch paste on acidifying 
or on adding sodium hydrogen carbonate. For some hours (3—4), they 
gave the reaction for hypoiodite with sodium hydrogen carbonate, starch 
paste, and potassium iodide. On addition of potassium iodide to the 
acidified solution, it became deep brown from the liberation of iodine, 
a reaction which points to the presence of iodate. 

A solution prepared by shaking iodine with mercuric oxide for 5 
minutes contained iodine per 100 c.c. « 2*3 c,c. of A/10 iodine, of which 
48 per cent, was present as hypoiodite, and the remainder as iodate. 

In a similar experiment, after 15 minutes shaking, 4*4 c.c. of A/10 
iodine were contained in 100 c.c,, 13—14 per cent, of which was in 
the form of hypoiodite. The filtering of the solution, &c,, occupied 
some 10 minutes after the cessation of the shaking. 

From these results, it would seem that the solutions obtained from 
iodine and mercuric oxide contain only a small quantity of hypoiodite, 
and that the iodine is chiefly present as iodate. Iodide is only 
present in small quantity, owing to the low solubility of mercuric 
iodide* 

No attempt TOs made to determine the velocity constant of these 
transformations of hypoiodite, Schwioker (Zeit, pkgBt&al 
16, 303) has attempted to determine, this constant for the transfoswna- 
tion of potassium hypdodite, and found that it varied greatly with the 
variations in initial concentration of the hypoiodite and the alkali. 
Excess of potassium iodide was present in the solutions. It is possible 
that the investigations of the solutions of calcium hypoiodite or 
ammonium hypoiodite (?) which undergoes transformation relatively 
slowly may lead to some elucidation of this point. 

Chxmioal Laboeatoky, 

St. Bartholomew’s Hospital Aim CoLLBGs, E.O, 


3 M 2 
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LXXVL — Researches on Silicon Compounds. Part VI. 
On Silicodiphenyldiimide and Silicotriphenylguanidine. 

By J. Emerson Eeynoles, D.Sc., M.B., E.B.S. 


In Part V of this series of papers (Trans., 1889, 66, 474), I described 
the well defined, crystalline silicophenylamide, Si(NH* 0 gH 5 )^, which 
proved to be the first of a new class of compounds in which silicon is 
exclusively united with nitrogen. In the course of the paper on the 
phenylamide, I pointed out that when the crystals were heated some- 
what beyond their melting point, 137°, they easily lost some aniline, 
and Ewided that *Hhe residue consisted of a mixture of silicon com- 
pounds to be described later on.’' The nature of each of these products 
was, in fact, afterwards made known in the course of my Presidential 
Address to Section B of the British Association at liTottinghain, but 
no details were then given, and I now desire to repair that omission 
preliminary to laying before the Society an account of more recent 
investigations. 

The primary interest which attaches to the examination of the 
changes effected by heating the silicophenylamide is due to the 
probable production of silicon analogues of cyanogen compounds. 

In the preliminary experiments, it was observed that about one- 
fourth of the total nitrogen* of the anilide was easily driven off by 
heat in the form of aniline, and that a rather higher temperature was 
necessary for the removal of another fourth. At the end of this 
^cond stage, the previously fluid mass suddenly solidified, but con- 
tinued heating of this residue led to the expulsion of more aniline. Of 
the three stages of decomposition recognised, that of solidification 
was most strongly marked, and therefore was first examined in 
detail. 

Twelve grams of silicophenylamide, Si(NH*CgH 5 ) 4 , were heated in a 
platinum boat placed in a glass tube through which a current of care- 
fully dried hydrogen slowly passed. The gas carried with it the 
aniline evolved on decomposition, and the latter was condensed in a 
U-tube, whence it fell into a small measuring vessel. The process 
was stopped when the aniline collected represented half the nitrogen 
present in the weight of the anilide taken, and this point was found to 
coincide with that of the solidification of the residue already mentioned. 
The aniline collected contained a small quantity of a silicon compound, 
carried over in the current of gas and vapour. 

' The r^idue when cold was broken up and digested with carefully 
, wl^h dissol^ little of the material, but removed ad- 
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purified by this treatment, the product was a white, amorphous powder, 
quite insoluble in benzene, light petroleum, carbon disulphide, ether, 
or alcohol. When heated with alcoholic solution of sodium or potass- 
ium hydroxide, it gradually dissolved with separation of aniline and 
evolution of a slight odour of phenyl isocyanide. 

0-2912 gave 0-0816 SiO^. Si = 13-12. 

0-351 „ 0-0993 SiOg. Si = 13-2. 

0*263 „ 30*8 c.o. moist nitrogen at 15® and 767 mm, 13*76. 

Si]N 2 (CeH 5)2 requires Si = 13-33 ; N = 13*33 per cent. 

The nitrogen is rather high, but this was subsequently explained 
by the presence of traces of another compound richer in nitrogen, 
which is formed at an earlier stage of the decomposition, but was un- 
known at the time the analyses were made, and was not completely 
removed by benzene. 

The new substance may obviously be regarded as the silicon ana- 
logue, either of diphenylcyanamide or of carbodiphenyldiimide. 

SiN-iq*( 0 ,Hg )2 or Si(N*C,H 5 ) 2 . 

The genesis of the compound from monophenylic groups and the 
separation of aniline, rather than diphenylamine and ammonia, on 
decomposition by alkalis, lead to the conclusion that it is silicodiphenyl- 
diimide. Hence the action of heat under the conditions stated is 
essentially represented by the equations : 

Si(NH-CeH5)4 « Si(H-0,H5)2 + 

Another experiment, in which the heating of the phenylamide was 
stopped just short of the solidification point, gave a residue which was 
partially soluble in benzene. The latter solution, when evaporated, 
left a residue similar in appearance to the diimide and, like it, con- 
tained 13*1 per cent, of silicon, but it could not be again dissolved in 
benzene. Hence, an unstable soluble modification of the diimide 
appears to exist which easily changes into the compound which is 
insoluble in benzene. 

As the heated amide more easily lost the first molecdle of aniline 
than the second, it seemed probable that the following change could 
be realised and silicotriphenylguanidine or an isomeride be obtained. 

Si(NH*OeH == 0,H,*H:Si(NH-Ce 

Eight grams of the pure silicophenylamide were carefully heated as 
before in a current of dry hydrogen. When rather more than one 
molecular proportion of aniline had been collected, the decomposition 
was stopped, and the residue allowed to cool in hydrogen. There was 
no thickening of the residue while hot, but it solidified to a yellowish , 
transparent mass on cooling. 
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The product was broken up and heated with benzene. This left a 
small portion undissolved which possessed the characters of the diimide. 
The benzene solution, when mixed with twice its volume of light petrol- 
eum, gave a somewhat crystalline precipitate totally unlike the 
anilide obtained under similar conditions. This substance was washed 
with light petroleum to remove any free aniline, again dissolved in 
benzene, and four volumes of light petroleum were then gradually 
added. A precipitate formed, which was seen under the microscope to 
consist chiefly of droplets of a somewhat sticky substance. On stand- 
ing for some hours, the liquid afforded a number of small crystals, 
which separated on the sides of the flask in which the precipitation 
was effected. These crystals were mechanically removed and purified 
by dissolution in benzene and subsequent separation on addition of 
light petroleum. This treatment involved much loss owing to the 
very sensible solubility of the compound in light petroleum. 

The purified crystals were short prisms quite distinct in appearance 
from the original silicophenylamide, and much less completely pre- 
cipitated from their benzene solution by addition of light petroleum. 
It did not afford any definite compound with acids, but was decomposed 
to some extent even by dry hydrogen chloride, as well as by ordinary 
solvents. 

The crystals melted at 230°, and commenced to decompose at a 
slightly higher temperature ^ the residue did not solidify until cooled 
to 131° 

On analysis, the purest crystals gave Si == 9T 1 ai^ » i4‘03 per cent. 

requires Si =* 9*24: ; IST « 13-86 per cent. 

The substance is therefore a silicon analogue of a triphenylguanidine 
in nearly pure condition. 

Hence the carefully regulated decomposition of the silicophenylamide 
by heat leads to the formation of 

Silicotriphenylguanidine ... CoH 5 *!NISi(jN'H*CQHg )2 and 
Silicodiphenyldiimide ...... Si(]Sr* 

When the action of heat was studied under diminished pressure, 
at 16 mm., the guanidine stage was quickly passed, and the second 
molecular proportion of aniline carried over with it a thick liquid 
of high boiling point, before the residue suddenly changed to the 
solid diimide* This liquid was easily freed from aniline by careful 
h€®.ting at the low pressure maintained, and when cold was still a 

was pre- 
the sides 
droplets 
beirzene. 


vismd substance. This proved to be soluble in benzene, but 

light petroleum, and adhered to 
t in which the substance was thrown down. These 
hours, and then no longer dissolved in 
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The viscid liquid so obtained was the unstable form of the diimide 
already mentioned. 

The instability of this viscid liquid suggested the possibility of its 
being the silicocyanamide, but its action with alkalis was that of the 
diimide. It is more probable that the unstable liquid represents the 
simple molecule of the diimide, and that the insoluble and more stable 
modification is a polymeric form. 

When the stable form of the diimide was heated in hydrogen just 
short of low redness until the evolution of volatile matter ceased, a 
yellowish, semifused solid was obtained which did not show any 
charring, but this product was unable to resist a higher temperature. 

This residue approximated in composition to that required- by the 
formula 




It afforded 17*54 per cent, of Si, and Si 2 (lT*OgH 5 )a requires Si — 17*1 
percent. 

It seemed probable that continued heating in presence of dry 
ammonia gas would facilitate the removal of the phenyl groups, and 
this seems to have been the case to some extent, as a residue was 
obtained by this treatment which was quite white, and contained Si » 

HIT * Si 

32 per cent. The compound, Si = 3T7 


per cent. 

It was hoped that prolonged heating at a still higher temperature 
would remove the last phenyl group ; but more or less charring 
occurred, hence the above represents the limit of definite change 
which has yet been reached by the action of heat alone on the primary 
substance. 


UrriTKEsrnr OHBMioAn Laboratory, 
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LXXVn . — A Study of the Absorption l^ectra of o^Oxy- 
carbanil audits Alkyl Derivatives in relation to 
Tautomerism. 

By Walter Noel Hartley, P.R.S., Jambs J* I3(Ibbxb, B.Sc., M.A., 
and Photios G. Paliatseas. 

The substance o-oxycarbanil, O^H^OgN, and its alkyl derivatives form 
a group of compounds which stand in the same relation to one another 
as isatin, carbostyril, and their respective alkyl, derivatives. 
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0-Oxycarbanil can be prepared by the fusion of o-aminophenol 
hydrochloride with urea, or from its lactim ether by the action of 
concentrated hydrochloric acid (Sandmeyer, 1886, 19, 2650). It 
can also be obtained by the distillation of o-aminophenyl ethyl carbonate 
(Bender, Ber., 1886, 19, 2269). Two ethyl derivatives of o-oxy- 
carbanil are known. One of these is prepared by boiling o oxycarbanil 
for some time under a reflux condenser with equivalent quantities of 
ethyl iodide and alcoholic potash, the other by the interaction of 
o-aminophenol and ethyl iminocarbonate. The ether obtained by the 
first method is considered to be a lactam, that is, to have the ethyl 
group directly attached to the nitrogen atom, because on heating for 
some time with hydrochloric acid it takes up water and decomposes 
into carbon dioxide and the hydrochloride of ethyl o-aminophenol. 

Its structural formula is therefore (^ 2 ^ 5 ) *> 00 (Bender, loc. 

ciu). The ether prepared by the second method, on treatment with 
concentrated hydrochloric acid, yields o-oxycarbanil. It is therefore 

a lactim of the constitution C^H 4 <C^Q^ 0 * 002 Hg. 

As in the similar cases of isatin and carbostyril, the chemical evi- 
dence leaves the question of the constitution of o-oxycarbanil itself 
undecided. On the one hand, its formation by the distillation of 
o-amanophenyl ethyl carbonate is most easily explained on the as- 
sumption that it has the ketonxc or lactam constitution, and that the 
reaction takes place according to the equation : 

OgHg^OH. 

This view is supported by the fact that it forms a well defined com- 
pound with phenylhydrazine (Bender, loo. oit.). On the other hand, 
its direct formation from the Ifwjtim ether by the action of hydro- 
chloric acid seems to point to the enolic or lactim structure as being 
the more probable. 'It is, however, now generally admitted that 
arguments based on chemical reactions are inconclusive in cases such 
as that under consideration, where shifting of a hydrogen atom may 
easily take place. 

The present investigation was undertaken with the view of ascer- 
taining whether a comparison of the absorption spectra of the two 
ethers, with the absorption spectra of o-oxycarbanil, would as in the 
cases of isatin and carbostyril (Hartley and Bobbie, Trans., 1899, 75, 
640) yield results from which the constitution of the parent substance 
might be inferred. Assuming that one or other of the ethers differs 
from o-oxycarhanil only in the substitution of the alkyl group for an 
atom of hydrogen, the constitution of the two substances being other- 
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wise identical, we should expect the absorption spectra of the parent 
substance and this ether to be practically the same. On the other 
hand, the ether which di:ffiers in constitution from the parent substance 
should give a different spectrum, Groenvik {B%IL Soc. Ghim.f 1876, 
[ii], 26, 177) gives 136—138°, Sandmeyer 137°, and Bender 141° as 
the melting point of o-oxycarbanih Although, apart from this slight 
difference, there was no reason- to doubt the identity of the substances 
obtained by these chemists, we thought it well to examine specimens 


Scale of oscilMion frequencies. 



purpose, the substances obtained by fusion of o-aminophenol with urea 
and by the decomposition of the lactim ether with hydrochloric acid. 
We found that the two specimens when heated side by side in capillary 
tubes behaved in exactly the same way, softening at 137° and melting 
completely at 139*5°. Solutions of the two specimens gave identical 
spectra. 

The spectra of o-oxycarbanil and of the lactam ether are almost 




HABTLEY, BOBBIE, AKB PALIAvTSEAS : A STIJBY OF THE 


identical. The amount of general absorption is practically the same 
in both, and the spectra of both substances show a well marked 
absorption band occupying the same position and persisting, in both 
cases, through the same range of dilution. The spectra of the enolic 
ether, on the other hand, show a smaller amount of general absorption, 
and the absorption band does not appear until a much greater degree 
of dilution is reached than is required to bring out the band in the 
other two substances. The range of the band of the enolic ester is 
also very small. The curves on page 841, drawn from the photo- 
graphs, show very clearly the relations between the spectra of the 
various substances. 

The conclusion to which the investigation leads is that o-oxycarbanil 
has the same structure as the lactam or ketonic ether, or at all events, 
that the lactam structure very greatly predominates, if the assumption 
is made that the parent substance in solution is a mixture of two 
tautomeric forms. It is worthy of note that in the three cases of this 
kind which have now been examined, the parent substance possesses 
the ketonic or lactam constitution.* 

The substances used in this investigation were prepared exactly in 
accordance with the directions given in the papers already quoted. 
Two distinct preparations of each substance were made and several 
series of photographs were taken of the absorption spectra of each 
preparation. No appreciable difference could be detected in the 
various photographs of the same substance. This is evidence of the 
identity of the compounds, and also of the purity of these particular 
preparations. For an account of the method used in drawing the 
accompanying curves, the reader is referred to the paper on the absorp- 
tion spectra of isatin, carbostyril, &c., already quoted, and to the 
publications therein named. 


Measttbembnts. 
o-Oscycarhanil, CyHsOgN. 

0*135 gram (1 milligram-mol.) in 100 c.c. alcohol. 


Thickness 
of layer of 
liquid in 
milliinetres. 

Bescriptiou of spectrum. 


X. 

25 

Spectrum continuous to .................. 

3382 

2956 

20 

Complete absorption beyond. 

Spectrum continuous to 

3410 

2932 

15 

Complete absorption beyond. 

The same. 


* it mtiy be noted, gives no colour reaction with ferric chloride. 
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0*135 gram (1 milHgram-mol*) in 100 c.c. alcohol {continued). 


Thickness 
of layer of 
liquid in 
millimetres. 

Description of spectrum. 

Va. 

A. 

10 

Spectrum continuous to 

3422 

2922 

5 

Complete absorption beyond. 

Spectrum continuous to 

3450 

2898 


Absorption band 

3450 to 4080 

2898 to 2450 

4 

strong lines feebly transmitted at 

Complete absorption bejmnd. 

Spectrum continuous to 

41 02 and 4122 

3462 

2437 and 2426 

2888 

Al>sorption band 

3462 to 4029 
4029 and 4080 
4102 and 4122 

2888 to 2482 

2482 and 2450 
2437 and 2426 

1 

Lines very feebly transmitted at 

M ore strongly at 

3 

Complete absorption beyond. 

Spectrum con t innous to 

3474 

2878 

Absorption band.......... 

3474 to 3994 
8994 to 4172 

2878 to 2503 
2603 to 2396 


Weak spectrum from 

2 

Complete absorption beyond. 

Spectrum continuous to 

3488 

2871 


Aosorption band 

3483 to 3994 
3994 to 4172 

2871 to 2608 


Faint spectrum from 

2503 to 2396 

1 

Complete absorption beyond. 

Spectrum continuous to 

8603 

2864 


Absorption band 

3508 to 8877 
3911 

2854 to 2679 


strong line transmitted at 

2566 


Continuous spectrum from 

3997 to 4172 

2501 to 2396 


, Complete absorption beyond. 


0*135 gram (1 milligram-mol.) in 500 c.c, alcohol. 


Thickness 
of layer of 
liquid in 
milfimetfes. 

Descnption of sx)ectrum. 

VA. 

X. 

4 

Spectrum continuous to 

Aosopptlon band.. 

Strong line transmitted at 

1 Con tinuouB spectrum fo-om.,,. 

Complete absorption beyond. 

8612 

8612 to 8812 
' 8812 ■■ . i 
8877 1w 4216 

2847 

2847tQ2628 

2928 

2679 to 2872 

8 

; Spectrum continuous to...,.........,,,.., 

Absorption band.......;...; 

Continuous spectrum from 

8524 

8524 to 3812 
3812 to 4240 

2887 

mr to 2628 
2928 to 2868 

2 

Spectrum continuous to 

Absorption band...... 

Strong lines feebly transmitted at ...... 

Continuous spectrum from, 

3559 

85S9to878a 
8620 and 3685 
3780 to 4240 

2809 

2809 Co 2646 
2765 and 2718 
2809 to 2368 

1 

Spectram continuous to 

Absorption band 

8629 

2766 


8629 to 8780 

2755 to 2645 


Strong line feebly transmitted at 

3685 

2718 


Continuous spectrum from 

Lines partially transmitted at 

3780 to 4320 
4365 and 4414 

4640 and 4665 

■ ' 

2755 to 2314 
2296 and 2265 

1 2202 and 2195 
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Thickness 
ot layer of 
Hqnid in 
millimetres. 


Description of spectrum. 


25 

20 

15 

10 

6 


Spectrum continuous to 

Complete absorption beyond. 
Spectrum continuous to . 

Complete absorption beyond. 

Spectrum continuous to 

Complete absorption beyond. 

Spectrum continuous to 

Complete absorption beyond. 
Spectrum continuous to 

Absorption band 

Complete absoipition beyond. 

Spectrum continuous to 

Absorption band 

Rays very feebly transmitted from . 
Complete absorption beyond. 

Spectrum continuous to 

Aosorption band 

Rays feebly transmitted from 

Complete absorption beyond. 

Spectrum continuous to 

Absorption band 

Very feeble line at 

Rays transmitted from................. 

Spectrum continuous to 

Absorption band 

Rays transmitted from.. ........ 


Thickness 
of layer of 
liquid in 
millimetres 


Description of spectrum. 


Spectrum continuous to — 

Absorption band 

Spectrum feebly transmitted 
Spectrum continuous to 

Absorption band 

Spectrum transmitted from.. 
Spectrum continuous to ..... 

Absorption band 

Lines transmitted feebly at .. 
Spectrum transmitted from.. 
Spectrum continuous to 

Absorption band 

Lines transmitted at 

Spectrum continuous from . . . 


.er dilution. 



'A- 

A. 

3386 

2953 

3390 

2949 

8400 

2941 

3414 

2929 

3430 

2915 

3430 to 4115 

2915 to 2430 

• 3460 

2898 

34150 to 4033 

2898 to 2479 

4033 to 4125 

2479 to 2424 

3460 

2898 

3460 to 4002 

2898 to 2498 

4002 to 4125 

2498 to 2424 

3478 

2876 

3478 to 4002 

2875 to 2498 

3886 

2573 

. 4002 to 4126 

2498 to 2424 

3478 

2876 

. 3478ta3886 

2875 to 2678 

3886 to 4126 

257S to 2424 

500 c.c. alcohol. 

Vk. 

' A. 

3484 

2870 

3484 to 3820 

2870 to 2617 

3820 to 4126 

2617 to 2424 

3512 

2847 

. 3512 to 3820 

2847 to 2617 

. 3820 to 4122 

2617 to 2426 

3524 

2837 

. 3524 to 3816 

2837 to 2620 

. 3628 and 3748 

2766 and 2688 

. 3816 to 4122 

2620 to 2426 

3663 

2806 

. 3563 to 8748 

2806 to 2668 

. 8632 and 3688 

2763 and 2711 

. 3748 to 4176 

7 

2668 to 2394 
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o-OxycarhomU Ethyl Etfm. SmUe/orm ; h. p. 225 — 230°. 

c«h*<^>o-oca- 


0*163 gram (1 milligram-moL) in 100 c.c. alcohol 


Thickness 
of layer of 
liquid in 
millimetros. 

Description of spectrum. 

VA. 

X. 

25 

Spectrum continuous to 

3474 

2878 

20 

Complete absorption beyond. 

Spectrum continuous to 

3486 

2868 

15 

Complete absorption beyond. 

Spectrum continuous to 

3524 

28S7 

10 

Complete absorption beyond. 

Spectrum continuous to 

8628 

2884 

■ 5 ''' 

Complete absorption beyond. 

Spectrum continuous to 

$539 

2826 

4 

3 

Complete absorption beyond. 

The same as 6. 

Spectrum continuous to 

3568 

2802 

2 

1 

Complete absorption beyond. 

The same as 3,^ but stronger. 

Spectrum continuous to 

3568 

2802 


Albsorption band 

3568 to 3885 
3885 to 403$ 

2802 to 2574 
2574 to 2479 


Spectrum faintly transmitted from 


0*163 gram (1 miliigram-mol.) in 

500 C.C. alcohol. 

Thickness 
of layer of 
liquid in 
millimetres. 

Description of spectrum. 

Va. 

X. 

4 

Spectrum continuous to 

3568 

3568 to 8820 
3820 to 4109 
8632' 

3682 to 3820 

2802 

2802 to 2617 
2m to 2*88 
27W 
tonin' 

26W to8424 
■ ■ 2424 ■: 


Aosoi^tion band -.t 

B 

Spectrum faintly transmitted from..... 

Spectrum continuous to ............ 

A nsbi^tibidi band 

2 

J^ys transmitted from. . 

Spectrum continuous to 

SWtOjiW 

1 

but feebly transmitted in the regien 
of the absorption band. ■ / - ^ 
The same spectrum, but somewhat 
stronger. 
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LXXVIIL — Ultra-violet Absorption Spectra of Some 
Closed Chain Carbon Compounds. Part IL Di- 
methylpyrazine, Hexameihylene, and Tetrahydro- 
her^zene. 

By Walter 3!Toel Hartley, F.E.S,, and Jambs J. Bobbie, M*A. 

In a formOT paper (Trans., 1898, 73, 598), we gave the results of 
the examination of the absorption spectra of thiophen, pyrrole, f ur- 
furan, and some of the more important furfuran derivatives. Each 
of these compounds contains two pairs of carbon atoms doubly linked, 
the chain being closed by a polyvalent element other than carbon. 
No trace of selective absorption, such as is shown by benzene, pyri- 
dine, and many of their derivatives, could be detected in the spectra 
of any of these substances. 

We have now extended our investigation to 2 ; b-dimethylpyrazine, 




a substance in which not merely one carbon is replaced by nitrogen 
in the benzene ring, as in pyridine, but two. It thus belongs to a 
group not previously examined. 

From the analogy between the constitution of this substance and 
that of pyridine, it was anticipated that it would show a marked 
selective absorption, and this anticipation proved to be correct. One 
of the principal reasons for examining a substance of this constitu- 
tion lay in the fact that whilst pyridine contains the group -CIN* 
once in the benzene structure, dimethylpyrazine contains it twice, and 
the original formula proposed for cyanuric acid (Trans., 1882, 41, 
84) contains it three times; accordingly, if this formula were 
correct for cyanuric acid and its esters, we should expect that they 
would exhibit a powerful absorption band, more intense than that of 
pyrazine, just as that of pyrazine is more intense than that of 
pyridine. But it has been concluded, from a widely extended 
experience of the behaviour of such substances under the ultra-violet 
rays, and particularly from the results of a recent examination of the 
absorption spectra of its derivatives (Hartley, Froo,^ 1899, 15, 46), 
that cyanuric acid does not possess this structure, but one in which 

fc -N-OIO 

I'; acid is represented by a ring composed of three ^ groups, 

single linking resembling that of a hydropyridine or of a 
tic , group with one carbon replaced by nitrogen (FkU. 
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TVam, Part II, 1885, 519) ; it should not therefore exhibit selective 
absorption. 

The specimen of dimethylpyrazine used in the experiments was 
prepared by the reduction of isonitrosoacetone in accordance with the 
directions given by Gabriel and Pinhus (jBer., 1893, 26, 2206). It 
boiled constantly at 154 — 155° (corr.) under atmospheric pressure. 


Scale of oscillaiion frequencies. 


^ 3000 r 234-56709 ^000 \ 2 3 4 5 



^ t-Dimeihylpyrmim, 
of Moh(Mlct/r VibroMom, 

A layer, 25 mm. thick, of a solution of dimethylpyrazine contain- 
ing 1 mill.-mol. in 100 c.c. of absolute alcohol cuts off all rays 
beyond ^/X 2994. On reducing the thickness of the layer to 10 mm., 
an absorption band makes its appearance, reaching from ^/X 3064 to 
VX 4321, This band is very persistent, and is still traceable in a 
layer 1 mm. thick of a solution containing 1 mill.-mol. of the 
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substance dissolved in 500 c.c. alcohol. The band of dimethyl- 
pyrazine is thus both wider and also more persistent than that of 
pyridine. These results are shown in the curve on page 847. 

In the paper already referred to, an account was also given of 
the absorption spectra of diketohexamethylene. Previous investiga- 
tions had shown that piperidine (Hartley, Trans., 1886, 47, 691) 
and hexachlorobenzene (Hartley, Trans., 1881, 39, 15?) exhibit con- 
tinuous absorption, but show no absorption hand, and, as was to be 
expected, diketohexamethylene, in which the six carbon atoms are 
united with each other by a single bond, as in hexachlorobenzene and 
piperidine, likewise showed no bands in the spectrum. 

Through the kindness of Prof. Sydney Young and Miss Fortey, we 
have recently been enabled to examine a specimen of pure hexa- 
methylene prepared from Galician petroleum. This substance, in 
comparison with benzene and pyridine, is highly diactinic. A layer, 
60 mm. thick, of a solution containing 1 mill. -mol. dissolved in 20 
c.c. of alcohol, transmits all rays up to 3920, whilst a layer of 
the same solution, 10 mm. thick, transmits practically the whole 
spectrum. In none of the photographs of the spectra of this sub- 
stance could any trace of a banded structure be detected. 

Professor Young and Miss Fortey were also good enough to place a 
specimen of pure tetrahydrobenzene in our hands for examination. 
This substance exhibits somewhat greater general absorption than 
hexamethylene, a layer, 60 mm. thick, of a solution containing 
1 mill -mol. in 20 C.C. alcohol absorbing all rays beyond 3694, while 
absorption is still traceable in a layer of the same solution 1 mm. 
thick. like hexamethylene, tetrahydrobenzene shows no selective 
absorption. The examination of these two substances thus confirms 
‘ the csonclusion previously reached, that the banded spectrum is shown 
only by subsWoes which possess the true benzenoid structure 
(Hartley, 'Trans., 1881, 39, 153). . 


Bimethylpyrazimy OgHgNg. 

0T08 gram (1 milligram-mol.) in 100 c.c. alcohol. 


Thickness 
of layer of 
liq^aid In 
milUinetres. 

Bescription of spectrum. 

Va. 

1 ■ 

A. 

26 

M 

Spectruitt continuous to 

2994 

3340 

Complete absorption beyond. 

Spectrum coniinnous to 

2994 

3340 


Complete a^orption beyond. 

The same. 
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0*108 gram (1 milligram-moL) in 100 c.c alcohol {cmiiinued). 


Thickness 
of layer of 
liquid in 
millimetres. 

Description of spectrum. 

’A- 

A. 

10 

Spectrum continuous to 

3064 

3263 

8263 to 2314 
2314 to 2260 
3260 

3260 to 2357 

2357 to 2203 

3260 

2431 and 2422 
3176 

8176 to 2431 
2431 to 2196 

8136 

3136 to 2445 

2446 to 2195 

3012 

8012 to 2500 
2600 to 2195 


Albsopption band 

3064 to 4321 
4443 

8076 

5 

Strong rays transmitted from 4321 to . 
Spectrum continuous to 


Absorption band 

3076 to 4242 

4539 


Strong rays transmitted partially from 
4242 to 

4 

Complete absorption beyond. 

Spectrum continuous to 

3076 


The same as 6, excepting a faint trans- 
mission of rays at 

4112 and 4128 

3 

Spectrum continuous tb : 

3148 


Absorption band 

3148 to 4112 
4656 

3188 

2 

Spectrum transmitted from 4112 to ... 
Complete absorption beyond. 

Spectrum continuous to 


Absorption band 

8188 to 4089 

4656 


Spectrum continuous, but weak from 
4089 to 

1 

Complete absorption beyond. 

Spectrum continuous to 

8319 


Aosorption band 

3319 to 3999 
4655 


Weak spectrum from 3999 to 


Complete absorption beyond 


DimethyVpyfazine (continued). 


0*108 gram (1 milligram-mol.) in 500 c.c. alcohol. 


Thickness 
of lajrer of 
li(]^uid in 
millimetres. 

Description of spectrum. 

'A. 

A. 

,4 

Spectrum continuous to 

8849 

^ 2986 
2985 to 2579 
2966and2871 
4565 

2840. 

2840 to 2619 
2619 

2579 to 2195 
2840 

2840 to 2620 
2620 to 2196 
2806 

2668 

2806 to 2620 
2620 to 2195 


Absorption band* 

3849 to 8877 
3382 and 3483 
3999 

8620 


Bays faintly visible between ............ 


Spectrum ends at 

3 

Spectrum continuous to 


Absorption band. 

8620 to 3818 
8818 
! 4666 

8620 

3520 to 8816 
4666 

2 

Faint transmission of a strong line at . 
Continuous spectrum from 3877 to...... 

Spectrum continuous to 


Absorption band 


Continuous spectrum 3816 to 

1 

Spectnim continuous to 

3563 

3748 

3563 to 3816 
4555 


Strong lines feebly transmitted to 

Absorption band 


Continuous spectrum 3816 to 


Transmission of a continuous spectnim 
on further dilution of solution. 


8 N 
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Hexam^thyhne, OgHg'Hg. 

0*084 gram (1 milligram-mol.) in 20 c.c. alcohol. 


Thickness 
of layer of 
liquid in 
miUimetres. 

Description of spectrum. 

V\. 

K. 

60 

Spectrum continuous to 

Complete absorption beyond, except for the 
feeble transmission of strong lines at.. 

3920 

2661 


4112 ^ 

2431 


and 

4125 1 

2424 

45 

Spectrum continuous to....... 

4125 i 

2424 

00 

25 

Faint prolongation to........ 

The same as 45. 

The same as 30, but stronger ; lines trans- 
mitted faintly at 

4413 

2266 


4540 

2202 


and 

4555 

2195 

20 

Spectrum continuous to 

4556 

2195 

16 

But faint beyond 

The same as 20. 

4413 

2266 

10 

Spectrum continuous to 

4555 

2196 


A strong line feebly transmitted at 

4666 

2147 

5 

4 

The same as 10. 

Spectrum continuous. 




Tetrahydrohenzene^ CgHg'BT^. 

0*082 gram (1 milligram-mol.) in 20 c.c. alcohol. 


Thickness 
of layer of 
hquidin 
Upllnnetres. 

Description of spectrum. j 


.■ K 

60 

46 

Spectrum continuous to 

Same as 60. 

3694 

270r 

SO 

Spectrum continuous to......... 

8886 

2573 

25 

»j >1 

8892 

2669 

20 

j> j> 

3921 

2550 

16 

»j a 

4029 

2482 

10 

>i if 

4125 

2424 

6 

Same as 10 ; very feeble prolongation to 

4321 . 

2314 

4 

8 

Same as 6 ; ,, „ 

Same as 4, but somewhat stronger. 

4413 

2266 

2 

Spectrum continuous to 

4418 

2266 


Strong lines transmitted at 

4536 

2205 

' 1 ■ ; 

and 

The same, but somewhat stronger. 

4555 

2195 


# ^ We have to express our indebtedness to Lieut, Horatio Helson, B.A., 
i^f“the University College of Horth Wales, Bangor, for his assistance 
work of this research. 
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*] LXXIX . — The Constitution of Pilocarpine, Part L 

By Hooper Albert Dickinson Jowett, D.Sc. 

In a previous communication (this voL, 494), it was shown that the 
constitutional formula previously proposed for pilocarpine by Hardy 
and Oalmels must be abandoned, and an account was given of certain 
preliminary experiments on the constitution of isopilocarpine. Since 
then, Pinner and Kohlhammer {Ber,y 1900, 33, 1424) have confirmed 
these conclusions, and have described several compounds of pilocar- 
pine with bromine, as well as a new crystalline product, bromocarpinic 
acid, Oj^HigO^NgBr, The present paper contains a full account of 
the isolation and identification of the products formed by the oxida- 
tion of isopilocarpine with permanganate, and of the reactions of the 
base with soda Hme, fused caustic potash, and methyl iodide. 

In attacking the problem of the constitution of pilocarpine, two 
difficulties are encountered, first, the remarkable stability of isopilo- 
carpine towards many reagents, for example, caustic potash or nitric 
acid, and secondly, the high price of the alkaloid, which renders it 
necessary to work with small quantities of material. Although it is 
not yet possible to propose a formula for the alkaloid, yet, from the 
results recorded in this paper, the existence of certain groups in the 
molecule can be shown to be highly probable. 

From the fact that isopilocarpine only with difficulty forms salts 
with metallic hydroxides, such as sodium, barium, and copper 
hydroxides, as well as from its behaviour towards hot alkali, it is 
legitimate to conclude that it contains a lactone group. In many 
reactions, the nitrogen is eliminated as ammonia and methylamine, 
and when isopilocarpine methiodide is treated with caustic potash, 
methylamine alone is formed. Di-alkyl derivatives of isopilocarpine 
could not be prepared, thus confirming Oh astaing^s observation 
irmd,f 1885, 101, 607), and since methyl iodide may be supposed to 
act as an acid towards a base, it must be assumed that of the two 
nitrogen atoms, the one which confers the basic character on isopilo- 
carpine is evolved as ammonia, whilst the other is split off as methyl- 
amine, and does not act as basic nitrogen. Herzig and Meyer 
{Monata.f 1898, 19, 56) have stated that one methyl group is attached 
to a nitrogen atom, and since methylisopilocarpine cannot be further 
methylated, it must be inferred that the nitrogen atoms occur as 
•ISTH and IhT-GHg, the former being that to which the basic character 
of isopilocarpine is due. 

Further, the facts, that isopilocarpine is stable towards acids or 
alkalis and at high temperatures, and that when methylisopilocarpine 

3 N 2 
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methiodide is decomposed by potash, methylamine and not dimethyl- 
amine is formed, show that these groups are attached to the rest of 
the molecule by a much stronger affinity than is the case in tropine, 
in which, by similar reactions, the nitrogen atom is eliminated, after 
successive methylations, as trimethylamine by simple heating with 
water. By distillation of isopilocarpine with soda^lime, a picolinefj 
probably 3-methylpyridine, is formed in addition to ammonia atid 
methylamine, but only in very small quantity. As the preparation of 
a sufficient quantity of the methylpyridine for its complete identifica- 
tion would have necessitated the use of large quantities of valuable 
material, and as its production in such small quantity, by so drastic 
a reaction, would not afford much clue to the constitution of the 
alkaloid, the investigation of this reaction was not further pursued. 

By oxidation with permanganate, in addition to acetic acid, an 
acid, C^B[iq 04 , has been isolated, which proved on titration to be 
lactonic. It was not identical with any acid of this formula 
previously described, but, from the fact that the corresponding 
unsatm'ated dibasic acid yielded isobutyric acid on ultimate oxidation, 
the most probable formula would appear to be 


(CH8)20H-9H-CH*002H 
o— CO 

This would necessitate the existence of the complex 
(CH3)20H-g]^(^H’C 

in isopilocarpine* 

The formatioB of isobutyric acid by fusion of isppilocarpine with 
caustic pota^^ wH^h is proved in this papery and the lactonic nature 
oj^l^e all^ldid would thus 

4h© results of the present investigation therefore indicate the 
existence of the following groups in pilocarpine and isopilocarpine : 

(i) (0H3)20H-0H-gH*c, (ii) rNOHg. (iii) :nh. 




Expeeimental. 

Distillation of IsopUocarpine with Soda Lime, 

Four grams of isopilocarpine nitrate were treated with 50 grams 
of soda-lime as previously described (J,oc. cit, 494), and the ammonium 
salt separated from the hydrochlorides soluble in absolute alcohol. 
The latter were dissolved in water, excess of auric chloride added^ 
and the crystalline precipitate recrystallised from hot dilute hydro- 
add. The filtrate from the precipitated aurichloride contained 
^ which was isolated as the platinichloride and analysed. 
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0’0358 fused on heating and gave 0*0148 Pt. Pt = 41*34. 

(CH 3 *NH 2 ) 2 ,H 2 PtOl 6 requires Pb-41*3 per cent. 

The aurichloride, amounting to less than 0*2 gram, melted at 
185 — 187° (corr.), contained An = 45*71 per cent, (methylpyridine 
aurichloride requires Au = 46*64 per cent.), and yielded a crystalline 
picrate which melted at about 130°, and a crystalline platinichloride 
melting indistinctly at 200°. When oxidised with permanganate, an 
acid was formed which gave a precipitate with copper acetate, but no 
coloration with ferrous sulphate ; the quantity obtained was too 
small to admit of identification. These properties agree best with those 
of 3-methylpyridine. 

The bases formed by distillation with soda-lime, therefore, are 
ammonia and small amounts of methylamine and (probably 3-) 
methylpyridine. 


I'^teraction of l8<^locairpine loith Methj/l Iodide. 

As isopilocarpine under certain conditions loses ammonia, and as it 
forms a methiodide, experiments were undertaken similar to those 
carried out on tropine (Merling, Ber.y 1891, 24, 3108) to see whether, 
by successive methylation, the hydrogen atoms attached to the nitrogen 
could be replaced by methyl, and possibly some of the bonds broken. 
Pure isopilocarpine methiodide was treated with the theoretical amount 
of moist silver oxide and filtered, a solution of isopilocarpine methyl- 
hydroxide being obtained, which gave no precipitate on the addition 
of picric acid or platinic chloride. After boiling with these reagents 
and cooling, crystalline salts separated, however, and the same result 
was obtained if the solution of the methyl hydroxide was previously 
boiled with dilute hydrochloric acid. On boiling, therefore, isopilo- 
carpine methyl-hydroxide loses water, becoming converted into methyl- 
isopilocarpine, which is capable of forming salts. 

Methplisopihcarpim Picrate crystallises in beautiful, orange needles 
from hot water or alcohol, being sparingly soluble in these solvents 
at the ordinary temperature. The crystals melt sharply at 136° (corr.) 
to a clear liquid, and the melting point is not altered by further re- 
crystallisatiom ; 

Methylisopilocarpine PlatiniMoride is obtained in well shaped, orange 
cubes which melt sharply at 218° (coir.) to a clear liquid without 
decomposition, it can be recrystaliised from hot acidified water. On 
analysis ; ' 

0*1846 gave 0*0422 Pt. Pt. = 22*87. 

0*2494 „ 0*0572 Pt. Pt. = 22*93. 

[CnHjQ(CH 3 )O 2 N 2 ] 2 ,H 2 PtOl 0 requires Pt = 22*87 per cent. 
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Tlie hydrochloride was obtained by boiling the methyl-hydroxide 
with dilute hydrochloric acid, but neither this salt nor the nitrate 
has yet been crystallised. The base is soluble in water but insoluble 
in chloroform, thus differing from isopilocarpine, which is miscible 
with this solvent. 

Methylisopilocarpine was heated with excess of methyl iodide, aiid 
the latter removed by distillation j the syrupy residue was then treated 
with moist silver oxide and filtered. After boiling with dilute hydro- 
chloric acid, it yielded a crystalline picrate and pktinichloride melting 
at 129^ and 21BP respectively, or a few degrees lower in each case 
than the corresponding salts of methylisopilocarpine. On analysis, it 
was found that further methylation had not taken place and that the 
base was unaltered methylisopilocarpine. 

0*225 platiniehloride gave 0*0514 Ft. Ft = 22*84. 

[CjiHj5(CE[g)02lSr2]2,H2Ft€lg; requires Ft =22*87 per cent. 

Further beating with methyl iodide and subsequent decomposition 
produced a similar result, the platiniehloride melting at 212° and 
containing Ft = 22*54 per cent. It follows therefore that by the 
action of methyl iodide only monomethylisopilocarpine can be pro- 
duced. 

The methiodide prepared as above, was treated with 20 per cent, 
caustic potash solution in a sealed tube for 4 hours at 150°, and the vola- 
tile bases collected and converted into* the hydrochloride. The salt was 
entirely soluble in absolute alcohol and was precipitated in four fraotione 
vdth platinic chloride. These platinichlorides were analysed Mth the 
following results : 

1.. 0*2226 gave 0*0910 Ft, Ft = 41*15. 

,, 0*134 Ft, Pt = 41*lS. 

„ 3. 0-1788 ,; 0*074 Ft. Ft = 41*38. 

„ 4. 0*1654 „ 0*0688 Ft. Ft = 41*59. 

(OH3*^NH2)2,H2PtCl0 requires Ft = 41 *3 per cent. 

The base was therefore homogeneous and was methylamine. 

The explanation of these results would seem to be that there 
exists in isopilocarpine the group INH, which reacts with methyl 
iodide, forming ; this with moist silver oxide yields 

iUNTHjOHgOH, which on boiling with dilute acids loses water and 
forms 

- The methylated base can react with methyl iodide, forming 
BISrCIHgjGHgly but on further treatment, the methyl iodide is elimi- 
leaving the original base IirNCHg. With caustic potash, the 
nilr^^ of this complex is eliminated as methylamine, together with 
from' the other ■ nitrogen group. ■ ^ 
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The non-basic product of the action o£ potash on methylisopilo- 
carpine is under investigation. 

Nitrous acid appears to have no action on isopilocarpine. 

Oxidation of Isopiloca/rpim with Permcmgcmate, 

In the preliminary account o£ this reaction {loc* c^.), it was shown 
that the bases formed were ammonia and methylamine, and that two 
oils had been isolated, one having the properties of a lactone* Further 
investigation has shown that, in addition to a small quantity of acetic 
acid, an almost theoretical yield of a new acid, is obtained. 

Experiments were made with varying amounts of permanganate, but 
the best results were obtained when 6 molecular proportions were 
used, the yield then amounting to 70 per cent, of the theoretical. 
The reaction may be expressed by the following equation : 

+ 70 + HgO » NHs + OHs-NHg + 

The details of one experiment may be given. Fifty-four grams of 
pure isopilocarpine nitrate, dissolved in a litre of water, were oxidised 
at 80*^ by the gradual addition of 188 grams of permanganate dissolved 
in 5 litres of water, the whole being kept thoroughly stirred by a 
turbine. The manganese dioxide was removed by filtration and 
thoroughly washed with hot water, the colourless filtrate and washings 
evaporated to a low bulk, made alkaline with caustic soda, and then 
distilled until the distillate was no longer alkaline. The residue was 
neutralised with hydrochloric acid, evaporated to dryness, mixed with 
sand, thoroughly dried, and then extracted with hot absolute alcohol 
in a Soxhlet apparatus. The alcoholic liquid, after saturation with 
hydrogen chloride, was allowed to stand, then boiled in a reflux 
apparatus for 2 hours, and distilled on the water-bath. 

The distillate had the distinct odour of ethyl acetate, so the first 
fractions were collected separately. The residue, after removal of the 
alcohol by distillation, was thrown into water, the acid liquid extracted 
sevea^l times with ether, the ethereal liquid washed with water until 
free from acid, dried over calcium chloride, and distilled to remove the 
ether» 

The first fraction distilled from the alpohoKc solution was hydrolysed 
with caustic potash, and the alcohol removed by evaporation; the 
residue was then dissolved in water, acidified with dilute sulphuric 
acid, and distilled. The crystalline barium salt obtained from the acid 
distillate was converted into the crystalline silver salt by treatment 
with silver nitrate solution, and on analysis the following result was 
obtained ; 

0*0584 gave 0*0376 Ag. Ag'=64*4. 

OgHgO^Ag requires Ag«= 64*67 per cent. 
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The acid was therefore acetic acid, and examination of the other portions 
of the alcoholic distillate failed to reveal the presence of any other 
acid. 

The ethereal residue was fractionated first in a vacuum and finally 
under atmospheric pressure, the following fractions being obtained ; 

1. Boiling at 280— 299®. Yield* 5 per cent, 

2. „ „ 299® „ *90 

3. „ 200 —210® under 10 mm. pressure. Yield = 6 per cent. 

The liquid boiling at 299® was therefore pure, and on further fractiona- 
tion was found to distil almost completely at this temperature. It was 
quite free from nitrogen. Analyses were made of a number of 
specimens, with the following results : 

1. 0-1608 gave 0*34 CO^ and 0*1106 H^O. 0 = 57*83 ; H = 7*65. 

2.0-1822 „ 0-393 GO^ „ 0*1266 0 = 58*83 ; H = 7*72. 

3.0*22 „ 0*4712 002 „ 0*153 HgO. 0 = 58*41 ; H = 7*73. 

4.0*239 „ 0*511 COg „ 0*164 HgO. 0 = 58*32 ; H = 7*62. 

O9H14O4 requires 0 = 58-07 ; H = 7*53 per cent. 

The specific rotation of the pure liquid was determined with the 
following result : 

ai6o= +22® j ? = 50 mm. ; d 15®/16® = 1*1053 ; [a]W^ +39*8®. 

The liquid was insoluble in water, but soluble in ether or alcohol, and 
had a peculiar, but not unpleasant, smell. On hydrolysis, it was found to 
be the ethyl ester of a dibasic or laotonic acid, as with phenolphthalein 
as indicator it required 2 molecular proportions of alkali to effect 
neutralisation. 

Acid /brm>ed hy Oxidation, 

The acid was formed from the ester by hydrolysing either with caustic 
potash or aqueous hydrochloric acid. It is a thick, slightly yellow oil 
which does not solidify at -21°, boils at 210 — 220® under 10 mm. 
pressure, and is freely soluble in water, ethyl alcohol, or ben2;ene. All 
attempts to crystallise it failed. On analysis : 

0*1826 gave 0 3514 00^ and 0*1094 HgO, 0 = 52*48 ; H = 6*65. 

requires 0 = 53*16 ; H = 6*33 per cent. 

When titrated in the cold with alkali, using phenolphthalein as 
indicator, 0*1678 required 10*7 c.c. A/IO alkali. Calculated 10*6 c.c, 
^^^en titrated by boiling, first with excess of alkali, and then titrating 
back with acid, while still hot, 0*2234 required 26*00 c.c. JUT/IO alkali. 
Calculated 28*2 c.c. * 

The acid is therefore lactonic, suad the formula may be written 

■ '.002H>*64H9*00*6. 
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A. neutral solution of the ^ potassium salt gave white, gelatinous pre- 
cipitates with lead acetate and silver nitrate, the precipitate with the 
latter undergoing slow reduction. It gave no reaction with barium or 
calcium chloride, or copper acetate. 

Formation of ilie Unsaturated Diethyl Ester, 

A preliminary experiment having shown that phosphorus penta- 
bromide reacted with the ethyl ester, the whole of the ester at dis- 
posal was treated in this way. Twelve grams of the ester and 60 
grams of phosphorus pentabromide were placed in a reflux apparatus, 
and, after the pasty mass had gradually liquefied, the whole was gently 
heated. Ethyl bromide was first given off, and then hydrogen bromide. 
As the object of the reaction was to obtain, not the bromo-derivative, 
but the unsaturated ester, the heating was continued until no more 
hydrogen bromide was evolved. The product was then gradually 
added to an excess of absolute alcohol, warmed to remove ethyl bromide, 
poured into ice-cold water, and the aqueous liquid extracted several 
times with ether. The ethereal solution, after washing with water, 
was dried over calcium chloride and distilled. In this way, 16*6 
grams of crude product was obtained, which was fractionated in a 
vacuum. Considerable difiS^culty was experienced during distillation 
owing to frothing of the liquid, but ultimately three fractions were 
obtained, boiling respectively at 165 — 170°, 170 — 195°, and 195-— 200° 
under^^20 mm. pressure. There were thus at least two substances 
present, so the first and third fractions were examined. 

The first fraction (b. p. 165 — 170°) contained a large amount of 
bromine, but also instantly decolorised cold alkaline permanganate 
solution. It consisted chiefly of the bromoethyl ester, with a small 
quantity of the unsaturated compound. On analysis, the following 
results were obtained ; 

0*1702 gave 0«293 00^ and 0*097 HgO. 0«46-94 ; H«=6*34. 

05 H^Br(C 0202 H 5 )g requires 0 » 44*74 \ H 6*44 per cent. 

The thi/rd fraction (b. p. 195— 200°) contained bromine and readily 
decolorised cold alkaline permanganate. It consisted chiefly of the 
unsaturated ethyl ester, and on analysis gave the following result : 

0*2934 gave 0*0654 AgBr. Br« 9*6. 

C^jHigBrO^ requires Br=s!27*l per cent. 

In order to complete the debromination, the whole of the liquid was 
heated with two molecular proportions of diethylaniline in a reflux 
apparatus on a sand-bath for 13 hours, when, on cooling, crystals of 
diethylaniline hydrobromide separated. The coloured liquid was then 
poured into excess of dilute hydrochloric acid and extracted with 
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ether* The ethereal solution was washed successively with dilute 
acid, dilute sodium carbonate solution, and water, dried over calcium 
chloride, and the ether removed by distillation. The residue was 
distilled in a vacuum, and on fractionation the greater part came 
over at 156° under 10 mm. pressure, a small quantity of a liquid of 
higher boiling point being, apparently present. 

Hydrolym qf thB UmatmdUd and Omdqiion of ih^ AM. 

As the quantity of the ester was insufficient to admit of satisfactory 
fractionation, the unsaturated acid was isolated, purified as far as 
possible, and then oxidised by Crossley and Le Sueur^s method (Trans., 
1899, 75, 161), in the hope that identification of the products of 
oxidation would give a clue to the constitution of the acid. 

The ester boiling at 155° under 10 mm. pressure was dissolved in 
methyl alcohol and treated with an equal weight of caustic potash in 
methyl alcoholic solution. On the addition of alkali, a red colour was 
produced, changing to brown. The alcoholic liquid was heated on a 
water-bath for 2|- hours in a reflux apparatus, the alcohol removed by 
evaporation, and the residue acidified and extracted with ether. The 
ethereal solution, after washing with water, was dried over calcium 
chloride, and allowed to evaporate spontaneously. ITo crystals separated, 
but a light coloured oil was obtained, having the odour of a fatty acid. 
The oil distilled between 180° and 200° under 10 mm. pressure, and 
dissolved in sodium carbonate solution with effervescence ; this solu- 
tion at once decolorised permanganate at the ordinary temperature, 
thus affording proof of its unsaturated character (von Baeyer, 
AnnaUn, ISQS, 246, 146). On oxidation with cold permanganate, 
the acid required 98 c.c. E'/IQ solution (calculated 110 c.c.). After 
removal of the manganese dioxide, the filtrate was oxidised by chromic 
acid, distilled with steam and the volatile acid, which smelt strongly of 
a butyric acid, converted into the silver salt. On analysis, the 
following result was obtained : 

0*126 gave 0*111 COg ; 0*037 HgO ; and 0*069 Ag. 0-24*06; 
H=3*26; Ag = 64*76. 

C^Hi^OgAg requires 0 = 24*61 ; H = 3*59 ; Ag = 55*38 per cent. 

The neutral solution gave a precipitate with calcium ^hloride which 
dissolved on warming, and separated on cooling. 

The acid, therefore, is isobutyric acid; the amount is small, but 
additional indirect proof of its identity is furnished by the fact that 
fephutyrm acid is formed by fusion of pilocarpine with potash. 

' The reactions with phosphorus pentabromide and diethylaniline 
ve conclusively the lactonic nature of the acid 07 HiQO^ ^ 
po^ h^t agree with any of the known lactonic acids of 
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this compositioD, the fomation of isohutyric acid would leave ouly 
one formula possible, namely, 

(0H3)2CH-CH • CH^COaH. 

O — CO 

The stability of the compound is remarkable, if it is the lactone of 
a ) 8 -hydro 3 :ymalonic acid ; the formation of isobutyi'ic acid, however, 
does not admit of the possibility of its being a y-lactone, for if that 
were the case, acetone should be formed on oxidation, whereas careful 
search failed to detect it. 

The reactions described in the preceding paragraphs may be repre^ 
sented as follows : 


(CH8)2CH-^H-^H-C02Et (CH8)2CH-0HBr*CH(002Et)^ 

(0H8)2CH-CH:^C02Et)3 — (CH3)2CH‘-CH(0H)-0(0H)(C02H>2 
(OH3)2CH-C02H + 002. 

Experiments were made with pilocarpine to obtain the bromoethyL 
ester, by treatment with phosphorus pentabromide, but the basic 
character of pilocarpine interfered with the reaction, and a negative 
result was obtained. 


Fusion of IsopUocm^ne with Caustic Fotash. 

Chastaing {Oompt, rend,^ 1882, 94, 223) has described the fusion of 
pilocarpine with caustic potash, and stated that the products of the 
reaction were methylamine, carbon dioxide, butyric acid, and traces 
of acetic acid, and that the reaction may be represented by the 
equation 

+ 2 H 2 O « 200^ + 

V quoted for the platiniohloride ^ prov 0 , 

ewri mixture of atnmotiAiii 

amine, jaha;TO''''dyM idehtiScaM&^ 

acetic acids. , ’’ ''/Y I. v" 

In the preliminary aiKJOunt of tlbis reaction 
formed were proved to be ammonia Jtnd methyjfimine, an ao^s 
yielded a silver salt, which contained a hig&er percentage of silver 
than required for silver butyrate. The reaction has been further 
investigated. _ Eive grams of pure isopilocarpine were fused with 
60 grams of caustic potash, and the fused mass, after cooling,, 
dissolved in water acidified with sulphuric acid, and distilled with 

* Found Pt= 42 *6 per cent. 

(NH 8 ) 2 , H^PtClg requires Pt 5 = 43 *9 and (0Ha*N H 2 ) 2 ,H 2 ptC}e reqniresPt = 41 *8 per cent.. 
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sW. The acid liquid was extracted with ether, the ethereal solution 
dried over calcium chloride, and distilled. 

The residual liquid, which had a strong, rancid smell, was distilled 
at atmospheric pressure, when a small fraction was collected below 120®, 
but the greater portion came over between 120° and 156°, leaving no 
residue. On adding a little water to the higher fraction, oily drops 
^parated, which dissolved on the addition of more water. From 

e aqueous hquid, a crystalline barium salt was prepared: this 
solubir^^°*^^^ alcohol, in which it was very slightly 

(i) The portion dissolved by alcohol gave a white, silver salt, which 
obtli^ed “ standing. On analysis the following result was 

0*0388 gave 0-0214 Ag, Ag=55*2. 

(u) The readue after extraction with alcohol gave a crystalline 

yer salt, which was recrystallised from hot water. On analysis, the 
toUowing result was obtained : 

0*0592 gave 0*0328 Ag. Ag=65*4. 

O^HyOjAg requires Ag = 65*38 per cent. 

The calcium salt was soluble in warm water, but separated again 
on cooling. The analytical numbers, boiling point, immiscibility with 
water, and solubility of the calcium salt, prove conclusively that the 
acid formed is isobutyric acid. 

The portion boiling belpw 120° gaye a small amount of an amorphous 

um salt, insoluble in alcohol, and an amorphous silver salt (Ag= 

underwent reduction on standing. No trace of 
a^itic acid could be found. 

Further inyestigation of the subject is proceeding on different lines, 
ana It IS hoped, either by the use of larger quantities of material, 
or by synthetical methods, to bring forward further proof of the 
^mc^ess, or otherwise, of the formula now proposed for the acid 

Tub Wellcome Chemical Research Laboratories. 
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LXXX . — Isomeric Partially Racemic Salts containing 
Quinquevalent Nitrogen. Parts I — VL Hydrind- 
amine Bromocamphorsulphonates, Chlorocamphor- 
sulphonates, and oiB-ir-Camphanates. 

By Frederic Stanley Kipping, Ph.D., D.Sc,, F.RS. 


This paper contains an account of the preparation and investigation 
of three pairs of isomeric partially racemic salts, the isomerism of 
which is apparently of a kind different from any yet recorded. 

All these salts have been obtained from a-hydrindamine,^ a primary 
base easily prepared by reducing a-hydrindoxime (compare Kevis and 
Kipping, Tranp., 1897, 71, 2S0). 

Hydrindamine contains an asymmetric carbon group, as will be seen 
from its formula. 


r 


O 

/\ 

H KHg 


and the synthetical base is therefore composed of equal quantities of 
enantiomorphous components. 

When this base is combined with various optically active acids, it 
shows an altogether unusual behaviour, giving in some cases what 
appears to be a homogeneous partially racemic salt, in others a mixture 
of unequal quantities of two isomeric salts ; tlxe latter are not the 
ordinary isomerides which are obtained from most externally com- 
pensated bases under such conditions, that is to say, they do not repre- 
sent salts of the separate enantiomorphously related components of the 
base, but are both comparable to partially racemic substances. 

The results of the examination of these remarkable isomerides may 
be briefly summarised as follows. 

Hydrindamine and a-bromocamphorsulphonic acid unite to form 
quantities of two hydrated salts, which contain different 
quantities of water of crystallisation ; the anhydrous salts both have 
the molecular formula 09 HiilSr,OjoHi 4 BrO-S 03 H. The more sparingly 
soluble *‘a-salt'* separates from water in opaque, bulky masses of 
minute needles, whereas the more readily soluble “ ^fl-salt ” crystallises 
in well-defined, transparent prisms, absolutely different in appearance 


* The letter a- which is used here to distinguish this base from iS-hydrindamine 
is not employed again, as to do so might cause confusion with the a-salts, which are 
described later. 
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from the crystals of its isomeride. The two salts have difEerent specific 
rotations. 

Hydrindamine and a-chlorooamphorsulphonio acid unite to form 
unequal quantities of two isomeric salts which are respectively 
analogous to those of the bromo-acid; the more sparingly soluble 
a-salt is isomeric with the corresponding bromo-salt, from which it 
cannot be distinguished by inspection. The ^-chloro-salt bears a close 
relationship to the jS-bromo salt, but differs from the latter in at least one 
important respect ; when crystallised from water, it is deposited either 
in what may be termed the normal form of transparent, well-defined 
prisms, closely rasembling, and doubtless isomeric with, the crystals 
of the /3-bromo-salt, or it is obtained in opaque masses indistinguish- 
able by inspection from those of the a-ehloro-salt ; these two varieties, 
so different in appearance, both represent )8-salt, and although con- 
vertible one into the other by crystallisation, undergo this change in a 
rather bewildering manner, and under conditions which have not yet 
been established. The conversion of either of these a-salts (bromo- or 
chloro-) into the corresponding ^-salt, or vice versd^ by crystallisation 
only, has never been observed. The specific rotations of the a- and 
/?-chloro-salts are practically the same in dilute aqueous or alcoholic 
solution, but different in other solvents. 

Hydrindamine and c^s-7r-camphanic acid (Kipping, Trans., 1896, 69, 
913) give apparently unequal quantities of two isomeric anhydrous 
salts of the composition which are indistinguishable 

in appearance, but differ in melting point and other prqperti^ 5 the 
more sparingly soluble a-salt melts at about 193®, the ^-isomeride at 
about 173®, and the two compounds seem to be partially, but slowly, 
converted one into the other in aqueous solution. The two isomerides 
have widely different specific rotations in methyl alcoholic solution, 
but in dilute aqueous solution they give practically the same value ; 
the a-salt shows mutarotation in a very marked manner, but apparently 
the j8-salt does not. 

The question now to be discussed is, how to account for the existence 
of these isomerides. In doing so, it will be convenient to take a 
particular case, such as that of the hydrindamine bromocampbor- 
sulphonates, with which most of the experiments have been made, 
the behaviour of the other salts being considered only when there is 
some important difference to note. 

The most natural conclusion, namely, that the externally compensated 
J]^e is resolved into its enantiomorphous components by fractional 
^pfy^allisation of its salts with these optically active acids, will first be 
and^ as evidence against this view, the fact that the 
in very unequal quantities may first be quoted. 
IIIIII^Qgl^^^^^lgenerated from the a-salt is optically inactive, and 
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is identical in this, and in every respect, with the base regenerated from 
the ^-salt, and also with externally compensated hydrindamine pre- 
pared directly from hydrindoxime ; this is proved by the fact that the 
salts obtained by combining the regenerated bases with optically in- 
active or active substances are identical. It may therefore be con- 
cluded, provisionally, at any rate, that the externally compensated base 
has not been resolved into its enantiomorphous components. 

Granting this to be so, the formation of the isomerides might be 
explained by assuming that the salts of the sulphonio acids are merely 
differently hydrated varieties of one substance ; this is not the case, 
however, because these salts are not convertible one into the other by 
crystallisation, they have different specific rotations in aqueous solu- 
tion, and the anhydrous compounds have different melting points ; 
moreover, such an assumption would not explain the existence of the 
isomenc anhydrous c^-Tr-camphanates. For similar reasons, the 
isomerides cannot be regarded as different crystallographic forms of 
one individual compound. 

The view that the /6-saIts of the sulphonio acids are derived from an 
acid physically or chemically isomeric with the acid of the a-salt inight 
next be adopted, especially as these ^-salts are formed in comparatively 
small quantities } it is shown, however, that the acid regenerated from 
the /8-salt is identical with that of the a-salt ; also that the behaviour 
of the salts themselves towards ferric chloride, phenyl isocyanate, 
piperidine, &6., is such as to practically exclude the possibility of the 
existence in the /3-salt of a tautomeric form of the acid which might 
change when liberated from the base : the existence of the isomeric 
cw-'JT-camphanates, and many other facts, show that the isomerism is 
not due to the acid ion of the salts ; further, the /3-salt of any one of 
the acids is converted into the a-salt on repeatedly evaporating it with 
small quantities of externally compensated hydrindamine. 

As these facts seem to prove that the isomerism is due to the 
hydrindamine, and as the base obtained from the a-salt is nevertheless 
identical with that regenerated from the /3-salt, it might be assumed 
that the a- and /34sometddes are actually the salts of enantiomorphously 
related bases, but that the latter tmdergo rapid raoemisation at 
ordinary temperatures when liberated from the acid. That this ex- 
planation will not suf&ce is prove# (a) by the fact that the salts are 
obtained in unequal quantities, (6) by the fact that the oi^-r-oam- 
phanates afford optically inactive hydrindamine hydrochloride when 
decomposed directly with hydrochloric acid, and (o) by the values 
obtained for the molecular rotations of the salts in dilute ai^ueous 
, solution. These three facts may be discussed a little, as they are all 
of considerable importance. 

With regard to (a), it is quite possible that an externally com- 
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pensated base might yield unequal quantities of the salts of its 
enantiomorphous components provided that the one salt were con- 
vertible into the other during crystallisation as in the case recently 
recorded by Pope and Peachey (Proc., 1900, X6, 116) ; but the 
isomeric hydrind amine bromo- and chloro-camphorsulphonates are not 
thus convertible one into the other j they may be repeatedly rocrystal- 
lised from water or other solvents without undergoing change. In 
order to account for the formation of unequal quantities of the a- and 
j8-isomerides on the assumption that they contaih enantiomorphously 
related basic components, it would be necessary to assume further that 
the one enantiomorphous base is transformed into the other in aqueous 
solution before it combines with the acid ; manifestly, this vie% cannot' 
be adopted. 

The fact (5). that either of the c^W-camphanates, when directly 
treated with hydrochloric acid, gives an optically inactive hydrind- 
amine hydrochloride is of importance from its bearing on this question. 
Admitting the ionic dissociation hypothesis, it must be concluded that 
the base ions of any one of the sulphonic salts, if optically active, are 
incapable of racemisation, as the isomerides are not mutually con- 
vertible in very dilute aqueous solution ; consequently, it seems very 
improbable that racemisation could occur in the direct conversion of 
one of the ow-7r-camphanates into the hydrochloride, a reaction which 
may be regarded as a mere interchange of ions. 

The fact (c) that the values of the molecular rotations of the salts 
exclude the assumption that the isomerides contain enantiomorphously 
related bases will be obvious from the following considerations. 

The molecular rotation of bromocamphorsulphonic acid in aqueous 
solutionis approximately [M]^ + 270, a value which has been estab- 
lished by numerous observations by Kipping and Pope (Trans., 1893, 
63, 648), Walden {Zeit physikaL Chem,j 1894, 16, 196), and also by 
some made for the purposes of this paper ; this value seems to be 
practically independent — ^as it should be— of the nature of the base 
with which the acid may be combined, salts such as potassium, am- 
monium, morphine, and phenylparatolyliodonium bromocamphorsul- 
phonates giving almost identical molecular rotations. 


Kow the molecular rotations of the a- and ^-bromocamphorsul- 
phonatesare [M]£> -f- 268 and -f- 220 respectively, both being determined 
in approximately 1 per cent, aqueous solution ; the former then is 
normal on the assumption that the base is optically inactive and that 


ionic dissociation is sufficiently complete to give the true value of the 
^|gid ion ; the lattes:^ however, is about 19 per cent, too low, — more 
be attributed to experimental error. 

I for this abhornaal value, it might be suggested (1) that 
i:#|y4riRdainine, (2) that the ^-salt contains optically 
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inactive base, but gives an acid ion which is not that of ordinary 
bromocamphorsulphonic acid, (3) that the salt is not sufficiently dis- 
sociated. The first view is untenable, because it would necessitate the 
further assumption that some of the c^-hydrindamine of the externally 
compensated base passes into the Z-iaomeride before the base combines 
with the acid,* also because the ^-salb of the chloro-acid, which is 
doubtless very closely analogous to this jS-bromo-salt, gives a practically 
normal molecular rotation — or, if not, a value which indicates the 
presence of a (Zesc^rcrotatory base ; also because the molecular rotations 
of the isomeric cw-7r-camphanates are both apparently normal on the 
assumption that they both contain optically inactive base. 

The second possible explanation of the abnormal molecular rotation 
of the ^-bromo-salt, namely, that this compound contains an isomeric 
bromocamphorsulphonic acid, has been shown to be untenable, and is 
further disproved by the arguments just advanced. 

The third possible view is not contrary to any direct evidence, and 
may therefore be accepted for the present. 

Keviewing the whole of the experimental evidence, it seems to be 
proved that the isomeric compounds in question do not represent salts 
of the enantiomorphously related bases, but that they all contain 
optically inactive, externally compensated hydrindamine. 

How, then, can the existence of such isomerides be accounted for 1 

To assume that there are two isomeric optically inactive hydrind- 
amines is out of the question, since the base of the d-salt is identical 
with that of the ^S-isomeride ; further, the base regenerated from the 
a-salt gives both isomerides when it is again neutralised with the 
acid. 

To assume that hydrindamine does not contain an asymmetric 
carbon group, and has not the constitution assigned to it, leaves the 
matter Just where it was ; moreover, the method of formation of the 
base, its conversion into trimethylhydrindamine iodide (Hipping and 
Hail, this vol., p. 467), and the decomposition of the lasi^nam^ 
substance into indene and trimethylamine hydriodide (Zoc^. ciZ.), ate 
facts of such importance that there can be no hesitation in accepting 
the constitutional formula which, has been assigned to the base above. 

Since, then, it must be admitted that the isomerides are formed by 
the combination of one and the same externally compensated base 
with one and the same acid, their isomerism must be ascribed to a 
difference in configuration caused by the uuion of their identical 
components in different ways; further, since the isomerides are 
essentially different not only in the crystalline state, but also in 
solution, the difference in configuration must extend to their chemical 
molecules. 

An explanation which at one time suggested itself was, thit the 
VOL. LXXVTI. 
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two salts were comparable to ordinary stereoisomerides. Although 
the nitrogen atom is only singly linked to carbon, it seemed possible 
that stereoisomeric forms might exist, in consequence of the great size 
of the acid molecule, which, by colliding with the hydrin da mine ring 
in various directions, might limit the rotation of the nitrogen atom ; 
since, however, the salts do not immediately change one into the other 
in dilute aqueous solution, when, owing to ionic dissociation, the acid 
ion is no longer united to the nitrogen atom, this view of their 
isomerism had to be abandoned. 

IJow, there seems to be no doubt that the isomerides are both 
ordinary salts, formed by the mere addition of the ions of the acid to 
the base ; in this process, according to the usually accepted view, the 
two acid ions become directly united to the tervalent nitrogen atom, 
which then becomes quinquevalent. Two questions therefore suggest 
themselves in connection with this process : firstly, are the two affin- 
ities or valencies of the nitrogen atom which are concerned in such an 
union identically, or differently, situated with regard to the other 
three (which are generally regarded as arranged symmetrically in one 
plane) 1 Secondly, does the negative ion of the acid necessarily com- 
bine with or take up one particular nitrogen valency, or may it occupy 
either of the two which may be concerned 1 

From the results of work which has been done in connection with 
the stereochemistry of nitrogen, definite answers to these questions 
cannot yet be drat^n ; there certainly seems to be a considerable dif- 
ference of opinion in regard to the first question— which would prob- 
ably determine the second, — ^and in any case the experimental evidence 
admits of no conclusive interpretation. Under these circumstances, 
judging by analogy with carbon — if it be permissible to do so — it 
seems probable that when a symmetrical primary, secondary, or ter- 
tiary base combines with an optically inactive acid or halogen alkyl 
compound, the ions or groups do not attach themselves to one parti- 
cular nitrogen valency, but are equally distributed between two. 

If this view be adopted, it will be obvious that the nitrogen atom 
of a base in which there is an asymmetric carbon group may show a 
behaviour altogether different from that of the nitrogen atom of a 
symmetrical compound ; for, whereas in the latter case combination 
would naturally give rise to egtcal quantities of isomerides which may 
be represented by 
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the former would probably give %mequ(xl quantities of the two 
isomerides 



because of the enantiomorphous carbon group, with respect to which 
X and Y cannot be identically situated. 

In the case of the combination of hydrogen cyanide with an alde- 
hyde, for example, direct addition to the group X'CHO takes place, 
and whether the forms 


X 


X 


CH 

/\ 

GH CX 


OH 

V\ 

CX OH 


are produced in equal or unequal quantities depends entirely on the 
configuration of the part X ; if this be symmetrical, equal quantities 
of enantiomorphously related groups are formed, but if it be asym- 
metrical, xmequal quantities of new enantiomorphous groups are pro- 
duced, and two different substances result, until possibly in extreme 
cases the influence of X may be sufiOLpient to ensure the f oannation of 
only one kind of new asymmetric group. 

How, in the case of the hydroxycyanides formulated above, it is 
known that the two forms are enantiomorphously related so long 
as X is not enantiomorphous ] but in the case of the supposed 
isomerides of the symmetrical base, it is not possible to say whether 
this would be so or not until it is known whether the two nitrogen 
valencies c^j?ying X jE^n^ are symmetrically situated or nofe with 
rej^rd to the other three. When, however, ah optically active base 
such as one of the components of extcnmlly compensated 
amine, combines with an optically active acid, it is obvious that the 
two isomerides <mmot be enantiomorphously related, whatever the 
configuration of the nitrogen at0*h 5 con be ex- 

pected to differ in ordinary properties, and possibly to be separable 
by crystallisation. v 

Granting that the one component of externally compensated 
hydrindamine might thus give rise to two isomerides, its antipodes 
would naturally do so likewise, and in this way four different sub- 
stances might be initially produced by the union of the base with the 
acid, as may be indicated by the following formulse ; 
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Of these four isomerides, no two are enantiomorphously related, 
since the group X is common to all, and unless the directions of the 
three valencies of the nitrogen atom, by which it is united to carbon 
and to the acid ions respectively, are all situated in a plane at right 
angles to the plane about which the whole nitrogen group may be 
free to rotate, no two of these forms could become identical by such 
a rotation of the nitrogen atom. 

These considerations lead to a possible explanation of the existence 
of the isomeric hydrindamine salts, which is based on two assump- 
tions only; firstly, that the acid negative ion does not necessarily 
take up one particular nitrogen valency, and secondly, that the 
directions of the valencies carrying the acid ions are such that 
they cannot become identical by the free rotation of the nitrogen 
atom. 

The two salts actually isolated from the products of the neutral- 
isation of the acid and the base both contain externally compensated 
hydrindamine^ consequently, they are composite in charaot^^^ 
each may be regarded as a mixture of two of the above four isomer- 
ides | further, as a salt composed of T> and or of L and would 
contain opi^c^y active base, the isomerides may be regarded as 
cond^ng of I>L and or of DjL and respectively. 

This view, that each salt is noade up of two enantiomorphous com- 
ponents which are not enantiomorphously related, and which never- 
theless are not separable by fractional crystallisation within certain 
limits of temperature, might have been considered to be highly 
improbable, were it not for the existence of partially racemic salts, 
with which such isomerides as the above are in many ways compar- 
able; there only remains therefore for consideration the important 
question as to how far the explanation here suggested accords with 
the facts observed in the study of these isomerides. 

This accordance is satisfactory ; taking the most important facts in 
order, the formation of unequal quantities of the two isomerides may 

already given, it will be seen that the 
be produced in unequal quantities in 
of the hydrindamine molecule ; for the 


i be dealt with, 
gj^j^mi ni ng the formulae 
and should 



CONTAINING QUINQUBYALENT NITBOGEN. PARTS I—YI. 869 

same reason, this is true of the forms L and L,. Now* if the group 
X were not enantiomorphous, the two forms D and L would probably 
be enantiomorphously related, as would also the forms and ; 
consequently, the formation of equal quantities of D and L would be 
expected, and so also of and Lj. The fact that, in the case under 
consideration, the group X is enantiomorphous, would not apparently 
condition the formation of unequal quantities of D and L, and the 
relation between these forms being closer than that between D and 
I'l. they might unite to form one of the isomeric salts, the union of 
Dj and producing the other ; the two partially racemic salts would 
thus be formed in unequal quantities. 

These arguments may seem somewhat speculative, merely because 
they are applied to nitrogen, whereas had they been used in the case 
of carbon they might have been accepted without question ; the 
essential difference between the two cases lies in the fact that with 
nitrogen it is not possible to say whether the two forms 


a b c a c b 



stand in the relation of object and mirror image when Y represents 
any non-enantiomorphous group ; if they do so, the analogy with 
carbon is essentially complete. 

The fact that the isomerides derived from the sulphonic acids 
retain their individuality in aqueous and other solvents seems also to 
be in accordance with the suggested view of their nature. 

On referring again to the formulae on p. 868, it will be seen that 
hydrolytic dissociation might bring about the partial transformation 
of one salt into the other ; for if B, for example, were to be resolved 
into acid and base, recombination might give as well as B ; 
similarly, L might be partially converted into Iq} thus the partiaHy 
racemic salt Bli might be changed partly or completely itito or 
we wsd, by dissolving in water and then evaporating. 

So far as can be ascertained, the isomerio salts of the sulphonic 
acids do not undergo hydrolytic dissociation to an appreciable extent, 
and in accordance with this conclusion these salts are hot convertible 
one into the other by solution in water. The ow-Tr-camphanates, how- 
ever, do undergo hydrolytic dissociation, and experiment shows that 
they are also slowly converted one into the other in aqueous solution. 

As regards electrolytic dissociation, the case is altogether different, 
since to whatever extent this change may occur, it would seem that 
each of the four forms, B, B^, L, and Lj, should be regenerated 
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unchanged by the recombination of its ions ; in this respect, there- 
fore, the facts are again in agreement with the explanation which has 
been put forward. 

The fact that the base regenerated from one of the salts yields 
both isomerides on recombination with the acid would be a necessary 
consequence of the above explanation, and need not be discussed,^ 

The partial conversion of the one isomeride into the other by tilt- 
ing it with an aqueous solution of the externally conapensated base is 
also a consequence of this explanation ; in aqueous solution, the given 
salt undergoes ionic dissociation, and, bn concentrating again, the acid 
ions unite, not only with the base ions of the original salt, but also 
with those of the added base j all the four isomerides, D, Di, L, and 
Ljl, will thus be formed, a condition of equilibrium will be attained, 
and, on evaporating, the two salts will result. If also the more 
readily soluble isomeride be repeatedly evaporated with small 
quantities of externally compensated base, it will be finally almost 
completely transformed into the more sparingly soluble a-salt, as is 
found to be the case. 

With reference to the optical behaviour of these isomerides, it is 
not easy to decide whether their properties are or are not in accord- 
ance with the above view of their isomerism ; an inspection of the 
formulae on p. 868 will show that when the salts undergo ionic 
dissociation, the forms D and L give rise to base ions which are either 
enantiomorphously related or else only partially so, according to the 
configuration of the nitrogen atom; this is true also of the ba^e 
ions of Dj and Lj^. In the first case, the anolecular rotations of the 
a- and ^salts should be identical and equal to that of the contained 
acid; in the second ease, they would probably not be identical, but 
their mean should he the molecular rotation of the acid; it is 
assumed, of course, that the solutions are sufficiently dilute to give 
the rotations of the ions only. 

As a matter of fact, the molecular rotations of all the isomerides, 
with the exception of the j^-salt of the bromo-acid, are practically the 
same as those of the acid which they contain, and no satisfactory 
explanation of this exception is forthcoming, unless it be assumed 
that dissociation is far too incomplete to allow of a normal result 
being obtained; several objections to such an assumption might, of 
course, be advanced, but there are still so many facts in connection 
with optical activity which require explanation, that the apparently 
abnormal behaviour of the /3-hromo-salt may for the present be passed 


p^re extraordinary is the behayioxir of the a-salt of cis- 7 r- 
this isomeride, as already stated, shows a marked 
cases, and its specific rotation in methyl 
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alcoholic solution of a fixed concentration varies within very wide 
limits ; in the case of both isomerides, different samples of om and the 
same salt} having the same melting point, have heen found to differ 
greatly in specific rotation when examined in solutions of the same con- 
centration in 99*8 cent, methyl alcohol. So far these facts, which 
are apparently unique, remain unaccounted for ; it is not impossible 
that a partial separation of the D and L components by repeated 
crystallisation may have occurred in such cases, but there is no direct 
evidence at present that any such change has taken place. 

Having now dealt with the more important experimental data in 
relation to the explanation which has been suggested to account for 
the formation and properties of these isomeric salts, it will be manifest 
that much still remains to be done before any definite conclusion can 
be arrived at as to the validity of the view which has been advanced i 
with this object, various investigations have already been commenced, 
and it is hoped that other instances of such partially racemic isomeric 
salts may soon be described. There is, however, one very obvious 
objection which might be raised to the view in question — ^namely^that 
if it be adopted, all nitrogen bases, whether optically active or not, 
should give rise to two salts on combination with an acid or with an 
alkyl iodide i this objection may be briefly considered. 

Dealing in the first place with optically inactive bases and acids, if 
it be assumed that the two nitrogen valencies concerned in salt forma- 
tion be symmetrically situated with respect to the other three, the two 
isomeric salts would be enantiomorphously related, and would not, 
therefore, be separable by crystallisation if they showed the ordinary 
behaviour of such isomerides j they would, of course, be formed in 
equal quantities. 

If, however, the base, or the acid, were enantiomorphous, unequal 
quantities of non-enantiomorphously related isomerides would probably 
be produced j the question then arises, Would such isomerides be 
separable by fractional crystallisation 1 because, if so, it might be 
bonoluded that their formation would have been observed long before 
now. Bearing in mind the existence of partially raceinic sal^ it 
seems very probable that such isomerides would not be separable by 
the ordinary methods; even if they were, it would probably be with 
great difficulty. Since, moreover, hydrolytic dissociation might bring 
about the conversion of one form into the other, it is probable that in 
the great majority of cases it would be impossible to isolate the more 
readily soluble modification, except with the aid of non-hydrolytic 
solvents. Since, finally, one of the isomerides may be produced in 
comparatively very small quantities, it might easily escape detection ; 
many instances, drawn from cases of ordinary isomerism, might be 
quoted in support of this statement, but it is unnecessary to do so. 
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Dealing next with the salt produced by the combination of an 
enantiomorphous base with an enantiomorphous acid, it is again 
possible that such a substance may consist of unequal quantities of 
two isomerides which are not enantiomorphously related ; such 
isomerides would be similar to the D and Dj forms discussed above, 
and with regard to the possibility of separating them, much the same 
may be said as in the case just considered. Although it might seem 
probable that such isomerides would dificer to a greater extent than 
when only one of the comfbnents (acid or base) is enantiomorphous, 
the comparatively small number of such salts which have been 
examined, and their lack of definite characteristics, might be quoted 
as a possible reason why isomerism of this kind has not yet been 
observed. It is also conceivable that the two isomerides D and D^^ 
might be so similar that they could not be separated, and yet that by 
union with L and respectively they might give rise to very different 
partially racemic salts, just as enantiomorphously related substances 
give rise to ordinary racemic compounds. 

Passing, lastly, to the case of externally compensated bases com- 
bining with an optically active acid, it is known already that they 
may behave in thtee different ways : (1) They may form only one 
partially racemic salt ; (2) they may give two salts, corresponding with 
the enantiomorphously related bases, which are separable by crystal- 
lisation ; (3) they may give two isomeric partially racemic salts, such, 
as those described in this paper. 

Whether, in these thr^ cases, the original product consists of four, 
gpr of only two, isomerides, is a question which has still to be answered, 
^^d one which involves cohaderations r^trding the stereochemistry 
of the nitrogen atoin. 

. Expeeimentau. 

I. Isomeric Hydrindamine Bromocamphorsulphonates. 

An aqueous solution of bromocamphorsulphonic acid is neutralised 
with hydrindamine, partly dissolved and partly suspended in water, 
and concentrated on the water-bath ; on cooling, the solution becomes 
semi-solid, owing to the separation of a felted, opaque mass of needles ^ 
this product is separated by filtration, the mother liquors again con- 
centrated, and allowed to crystallise. These processes having been 
repeated several times, the last mother liquors give a deposit differing 
in appearance from previous ones, and on further fractional crystallisa- 
tion from water or very dilute alcohol, two different products are 
finally obtained in a state of purity. The intermediate deposits are 
again fractionaDy crystallised, but they consist principally of the more 
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Sparingly soluble salfc, and only small quantities of the less soluble 
compound are obtained from them. 

i’JSalL 

The more sparingly soluble salt, which will be subsequently referred 
to as the a-salt, usually separates from cold or tepid water in bulky, 
felted masses of very slender, concentrically-grouped needles, but it is 
deposited as an oil if the solution be too concentrated and separation 
occur too quickly. Yery occasionally, when evaporation of a nearly 
saturated solution takes place slowly at the ordinary temperature, the 
salt separates at, or near, the surface of the liquid in large, trans- 
parent, compact, but ill-defined prisms. It dissolves fairly easily in 
cold methyl or ethyl alcohol, and in hot water, but it is only 
moderately soluble in cold ethyl acetate and cold water; it crystal- 
lises from ethereal alcohol in long, transparent, ill-defined prisms. 

The moss-like crystals obtained from aqueous, and the prisms de- 
posited from alcoholic, solution, contain water of crystallisation, and 
when dried on porous earthenware, and then quickly heated, they 
usually liquefy partially or completely at about 100°; the compact 
prisms, more rarely obtained, do not liquefy at 100°, but slowly become 
opaque. On exposure to the air at ordinary temperatures, the crystals 
effloresce, but so slowly that they continue to lose in weight during 
many days, and even when dried in the air until constant they still 
contain water of crystallisation, and liquefy or become pasty when 
heated at 100°. After prolonged drying at 100°, the a-salt shows a 
constant and faiidy definite melting point, namely, 149 — 151° 

Numerous determinations of the water of crystallisation were made, 
but they did not give very satisfactory results ; it would seem that the 
freshly crystallised salt contains 1| mols. HgO, whereas the air- dried 
crystals contain less than 1} mols. 

One gram of salt from ethereal alcohol, dried over night in the air, 
lost 0*0609 gram HgO. per cent. 

With samples air-dried until constant in weight, the following 
results were obtained : 

0*5 lost 0*027!2 HgO at 100° during 72 hours. H20«5*44 per cent. 

1*0 „ 0*0509 HgO „ „ iOO „ . H'20«5‘09 „ 

0*5 „ 0-0265 HgO „ „ 60 ,, . HaO-S'a „ 

OioHi4BrO*S08H,OQHj^jN-f IfEgO requires H20 = 6*62 per cent. 
CioHi4BrO-S03H,C9H„N-t-liH20 „ HoO-5*7 

CioH,,BrO-S03H,C9H,,N-i.lJH20 „ H;0 = 4*82 „ 

The disagreement between the observed and the calculated results in 
the case of the air-dried salt may perhaps he due to the difficulty of 
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ascertaining when efflorescence has ceased, and to the prolonged heat- 
ing at lOO'^ required to expel the last traces of water ; on the other 
hand, it might be taken as an indication that the salt is not homo- 
geneous. 

Bromine determinations in a sample of the salt dried at 100^^ gave 
4he following results : 

0‘1629 gave 0*0704 AgBr. Br== 18*3 per cent. 

0-1449 „ 0*0626 AgBr. Br = 18-4 „ 

G^QH 3 ^^BrO*SOgH,CgH^j^N requires Br — 18*0 per cent. 

The air-dried salt is readily soluble in boiling benzene and very 
readily soluble in cold chloroform, but it does not seem to crystallise 
from either solvent, except by gradual absorption of moisture from the 
air with formation of the ordinary hydrated crystals ; on evaporating 
a benzene or chloroform solution, the salt is deposited as a gum-like 
mass. 

/3-SaU. 

The more readily soluble hydrindamine bromocamphorsulphonate, 
which is hereafter referred to as the / 3 -salt, nearly always separates 
from cold or tepid water in small, compact, fairly well-defined trans- 
parent prisms, which often form concentrically grouped masses ; the 
appearance of these crystals is always absolutely different from that 
of the opaque, felted masses of thea-salt, but they are not easQy dis- 
tinguished by niere inspection from the compact prisms of the latter 
which are occasionally obtamed. The crystals of the ^-salt become 
5 >paque but do. hot Kquety at 100 °^ and they do hot effloresce apj^ireoi- 
ably on to idre air 5 they beccmm bpaqxi^ \riien warihed in 

wfcurated aq[ueous solution. After having been 
a oohstant and faMy definite melting point, 
12i9— 130°* The ) 8 -salt is more r^ily soluble in cold water 
' than the a-compound, and? like the latter, it is deposited as an oil from 
wmm saturated solutions; it dissolves freely in cold alcohol and 
ethyl acetate. 

The air-dried salt contains f mol. of water of crystallisation : 

0*5 lost 0*0129 HgO at 100° during 60 hours. HgO** 2*58. 

1*6612,, 0*0453 HgO „ 96 „ H20«2*72. 

0*8328,, 0*0228 HgO „ 48 „ H20 = 2*73. 

OigHi^BrO-SOgHjOgHiiN -f-iHgO requires £[20 = 2*73 per cent. 

Bromine determinations in the salt dried at 100° gave the following 
aresults: 

0*2000 gave 0*0874 AgBr. Br = 18*5, 

0*2072 „ 0-0873 AgBr. Br = 18-0. 

OigH^^BrO'SOsHjOgHjjlT requires Br = 18*0 per^^cent. 
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The air-dried salt is readily soluble in benzene or hot chloroform, 
but on allowing such solutions to evaporate, it is deposited as a gum 
which gradually crystallises owing to absorption of water; no par- 
ticular effort was made to obtain anhydrous crystals either in this case 
or in that of the a-salb. 

Molecular Weight O^QH^^BrO *80311,0^115^1^ = 444. 

Molecular weight determinations were made by the cryoscopic 
method in dilute aqueous solution ; the results show that the salts are 
isomeric and that both are largely dissociated. 


orSalt 

Depression 
Grams substance in of freezing 

Weight of solvent. Weight of substance. 100 grams solvent. point. M.W. 
25grams 0*2 0*8 0*075 203 

25 „ 0*2 0*8 0*067 227 

Taking the water of crystallisation in the sample as 5*2 per cent., 
the average result for the anhydrous salt would be M.W. = 204. 


P'Salt, 

Depression 


Weight of solvent. 


Grams substance in 

of fireeziug 


"Weight of substance. 

100 grams solvent. 

point 

M.W. 

25 grams 

0-3 

1*2 

0-100 

228 

25 „ 

0-2 

0*8 

0-065 

234 

25 » 

0-3 

1*2 

0-090 

263 


The water of crystallisation in the jS-salt being 2*7 per cent., the 
average value for the molecular weight of the anhydrous salt would 
be2S2. 


Th^ Salk 4o mi contain MnmUomorphousl^ Selated Sam, 

pwHaving obtained these isomeric salts by the combination -of esSr 
ternaHy compensated hydrindamine with bromoqamphorjsttlphonic aoid, 
it seemed most probable that the former had been l^lved into it^ 
optically active components. Accordingly, a sample (10 grams)., of 
the pure a-salt was treated with excess of barium hydroxide, and the 
liberated base separated by steam distillation ; the distillate, after the 
addition of a little alcohol to dissolve the oily base, occupied about 
100 C.C., and a portion of it, on examination in a 200 mm. tube, was 
found to give no appreciable rotation. 

Of course, this result did not prove that a resolution of the externally 
compensated base had nob occurred, as the specific rotation of its 
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optically active components might have been too small to detect except 
in a very concentrated solution, and with a very sensitive polarimeter ; 
or the specific rotation might even be nil in spite of the base being an 
optically active compound. So, in order to ascertain whether this was 
or was not the case, a portion of the base which had been regenerated 
from the a-salt was converted into its hydrochloride ; the latter melted 
at the same temperature as the hydrochloride of the externally com- 
pensated base, and was identical with the latter in all ordinary 
properties* Another portion of the regenerated base was converted 
into its benzoyl derivative by the Schotten-Baumann method; the 
product^ after recrystalKsation, was identical in melting point and 
appearance with the benzoyl derivative of ordinary hydrindamine 
(Bevis and Elipping, Trans., 1897, 71, 251), and a small quantity of it, 
examined optically in benzene solution, gave no appreciable rotation. 

These observations seemed to prove that the base regenerated from 
the a-salt was really an externally compensated compound, identical 
with the base obtained directly from hydrindoxime, but the evidence 
was not absolutely conclusive. Both the hydrochloride and the 
benzoyl derivative of the externally compensated base might possibly 
be mere mixtures, and not racemic substances, and by a further possi- 
bility, the melting points of these compounds might be practically 
identical respectively with those of the optically active hydrochloride 
and benzoyl derivative* As, moreover, it is very difiScult to make 
sure that the a-salt is perfectly free from the more sparingly soluble 
^-salt, owing to the Hl-defined character of its crystals, and the sample 
used might conceivably have contained a little of the ^-salt even after 
repeated crystedheatio^ it ^med necessary to examine the latter, as 

sample of the )8-s^t was, therefore, 

d^^^ompoSed as described in the case of the a-compound. The aqueous 
alcoholic solution of the regenemted base, which measured less than 
50 C.C., produced no appreciable rotation in a 200 mm. tube, and the 
base was found to be identical in every respect with that obtained 
from the a-salt. 

In spite of the apparently conclusive results of these experiments, 
it seemed advisable to apply a crucial test, namely, to ascertain whether 
the base of the one salt would differ from that of the other, if com- 
bined with an optically active substance. For this purpose, samples of 
the two bases were separately treated with t^camphoric acid; the 
salts thus obtained were identical in melting point and in ordinary 
properties. Similar experiments were made, using m- 7 r-camphanic 
add {p, 903) as the optically active substance ; again, the base from 
the a-salt gave the same product as that obtained with the base from 
the^-salt. 
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These facts prove that the bases regenerated from the two salts are 
not enantiomorphous> and that their optical inactivity is not merely a 
fortuitous instance of very low specific rotatory power. 

Relative Quantities of the Two IsomerideB, 

Another fact which accords with this conclusion is, that the two 
isomeric salts are not obtained in even approximately equal quantities. 
After repeated fractional crystallisation of the original mixtures, carried 
as far as possible, with the object of ascertaining roughly the relative 
proportions of the isomerides, there is always obtained at least four 
times as much of the a- as of the /8-salt. 

The Salts are not merely Different Crystalline Varieties. 

The formation of the two isomerides could hardly be attributed to 
a difference in the degree of hydration of their crystals, as they are 
both deposited from water at the ordinary temperature, apparently under 
the same conditions ; moreover, the (completely dehydrated) salts have 
different melting points and different specific rotatory powers. 

Dimorphism is also out of the question for similar reasons, and 
it may be explicitly stated that, although the two salts have been 
crystallised over and over again during the time they have been 
under investigation, the partial conversion of one into the other has 
never been observed except under the particular conditions described 
later (p. 882). It must again be noted, however, to avoid misunder- 
standing, that very occasionally, under conditions not precisely ascer- 
tained, the a-salt crystallises from cold water in compact prisms, 
difficult to distinguish from those of the /8-salt by mere inspection, but 
which have nevertheless the melting point and other specific properties 
of the a-salt. 

Ramnimtion of the Acid contained in the Salts. 

The posdbllity that the bromooamphorsulphonio acid might be 
the cause of the formation of the two salts may next be considered* 
The acid used in these experiments was prepared from purified 
ammonium bromocamphorsulphonate (Kipping and Pope, Trans., 
1895, 67, 358), and although in the course of work with tlto acid and 
its derivatives no indication of the presence of any xsomeride had 
ever been observed, it was desirable to obtain experimental proof 
that the acid of the a-salt is really identical with that of the 
/8-isomeride. 

As the latter is formed in much the smaller quantity, it would 
be in this compound, if anywhere, that the isomeric acid would be 
found. The pure /8-salt was therefore decomposed with barium 
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Lydroxide, the base separated, the barium salt converted into ammonium 
salt, and the latter isolated j it was identical with ordinary ammonium 
bromocamphorsulphonate in all outward properties, and had the same 
specific rotatory power as the latter. Further, when triturated with 
phosphorus pentabromide, it gave a sulphonic bromide identical with 
the compound obtdned from ordinary ammonium bromocamphorsul- 
phonate. 

/rom om Salt gims hoik laomeHdea when combined, with 
the Add, 

The next experiments which were made had the object of ascer- 
taining whether the base regenerated from one of the salts would, or 
would not, give the same salt when neutralised again with bromo- 
camphorsulphonic acid. 

A sample of the a-salt, which had the correct melting point, was 
first carefully fractionally crystallised from water, and it was proved 
that the last mother liquors did not deposit even traces of the more 
readily soluble ^-salt. A quantity of the same sample was then 
decomposed with barium hydroxide, the base distilled in steam, and 
the distillate neutralised with bromocamphorsulphonic acid; on then 
submitting the product to fractional crystallisation from water, the 
first and several subsequent deposits were found to be the a-salt, but 
the last mother liquors deposited crystals of the jS -salt, and, as far as 
could be judged, the proportion of the two isomerides was just about 
the same as that in which they are formed from the ordinary externaUy 
;'450ih^hsat€dV'basev'^ 

trea^ in ;a siiaifer maimer ; on fractional 
jSohi, whter^ . it afforded no indication of the presence of 
hfit when decomposed with barium hydroxide it yielded 
a ba^ from which, on neutralising with bromocamphorsulphonic acid 
and fractionally crystallising, both the a- and /S-salts were obtained ; 
in this case, again, the relative weights of the two salts seemed to be 
just about the same as usual. 

The Tree Base does not undergo Racemisation, 

These last experiments, and many other facts already recprded, 
might be explained by assuming that the base is actually resolved 
into its enantiomorphously related components when its salt with 
bromocamphorsulphonic acid is fractionally crystallised, but that when 
liberated from its salt, or during steam distillation, the optically active 
substance racemises. 

J^though the^'mechanism of racemisation is not yet capable of satis- 
explanation, it is conceivable that, in the case of a primary 
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base such as hydrindamine, this change might be brought about as 
the result of the existence of tautomeric modifications, which might- 
cause a transformation of one enantiomorphous form into the other 
in the following manner : 

d-form. 
a b 

Y _ 

H 

H 

These changes do not require further explanation, and it will be seen 
that the possibility of racemisation would depend here upon the direct 
union of the amino-group with the asymmetric carbon group ; it seems 
not unlikely that changes such as these actually occur in the racemi- 
sation of ^-aspartic acid, for example, and in the case of other optically 
active amino-compounds of this class, many of which are converted into 
the inactive modifications comparatively easily. 

Considering, now, whether this assumption of the occurrence of 
racemisation would explain the existence of the isomeric salts, one 
very important objection immediately suggests itself, namely, the fact 
that the two compounds are formed in such very unequal quantities 
when the base is neutralised with the acid. Although it has ;been 
recently shown by Marckwald and McKenzie 1899, 32, 2130) 
that in the combination of the enantiomorphously related mandelic acids 
with menthol, the two antipodes have a different reaction velocity, 
and after a certain period of interaction give a product consisting of 
unequal quantities of the two menthyi mandelates, the difference is 
only very small, and it is extremely unlikely that any analogous differ- 
ence in the case of the combination of the two enantiomorphous 
hydrindamines with bromocamphorsulphonic acid could lead to the 
production of such imequal quantities of their salts, even if at the 
same time the free base were undergoing rapid autoracemisation/ 
These remarks apply, of course, <mly if hydrolytic diisBSOoiation W 
excluded; if, however, hydrolytic dissociation were to accompany 
autoracemisation, one of the salts should be partially or completely 
converted into the other on recryatidlisation from water. 

The experimental evidence wHch can be advanced against the view 
that optically active hydrindamine may undergo autoracemisation is 
not of much weight in the case of the two bromocamphorsulphonates, 
and merely amounts to this : that on decomposing either the a- or the 
^-salt with barium hydroxide In cold aqueous solution, and then 
quickly extracting the base with ether, the ethereal solution is found 
to show no appreciable optical activity. This experiment merely 




a b 
\/ 

-Lh 


Z-form. 
a b 

\/ 

0 
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proves that if autoracemisation takes place at all, it must occur with 
great rapidity, even at low temperatures, a conclusion which can hardly 
be regarded with favour. But the arguments just advanced, the 
optical behaviour of the two salts, and further experimental evidence 
which will be brought forward later, show conclusively that an explana- 
tion of the isomerism of the two salts, based on the assumption of 
autoracemisation, is quite out of the question. 

The Tsovmric Salts are derived Jrom one and the same Add. 

If autoracemisation of the base be excluded, and the a- and /?-salts 
contain one and the same externally compensated hydrindamihe, it 
might be concluded that the acid must be the cause of the isomerism. 
This possibility has already been considered superficially, and it has 
been shown that the acid obtained, after a series of operations, from 
the ^-salt is identical with ordinary bromocamphorsulphonic acid 
(p. 877). 

An inspection of the following formula, 


CHo* 


CH. 


-9(ch3)- 


-CHBr 


SO^H 


CHg — CH- 


“00 


which has previously been assigned to a-bromocamphorsulphonic acid 
(Kipping, Trans., 1896, 69, 913), will, however, make it obvious that 
there are certain ways in which this acid might possibly give rise to 
two salts, and yet appear to be a single individual. For reasoim which 
will be evident when the molecular rotations of the hydrindamine 
salts have been dealt with, it seemed at one time very probable that 
the acid of the ^-salt was really different, in some way^ from that of 
the a-isomeride ; it was consequently necessary to make a number of 
experiments, in order to exclude this possibility. 

The existence of desmotropic forms of the acid, namely, a ketonic 
•CHBr* CO* and an enolic •CBrlC(OH)*, is perhaps the simplest of 
the possible explanations which might suggest itself, as the a-salt 
might be regarded as derived from one, the yS-salt from the other 
modification. 

Such a view does not seem to commend itself for many reasons, and 
firstly on theoretical grounds, since, so far as is known, camphor 
itsejf, and its simple substitution derivatives which contain the group 
•CH!X*CO*, do not exhibit the phenomenon of desmotropism. 

, ^he experimental evidence which can be brought forward against 
' also se^ns to be conclusive. If the supposed desmotropic 
that aqueous solutions of their hydrindamine salts 
converting the one into the other, it seems 
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most unlikely that mere displacement of the hydrindamine by barium 
and ammonium successively in hot aqueous solution would bring about 
such a change, and yet the ammonium bromocamphorsulphonate pre- 
pared from the /5-salt by the usual method is identical with ordinary 
ammonium bromocamphorsulphonate (p, 877). 

It can also be proved that when this displacement occurs at tem- 
peratures below 20° the result is the same A sample of the /5-salt 
was treated with a large excess of concentrated ammonia in the cold, 
and the liberated organic base extracted with ether ; the aqueous 
solution of the ammonium salt was then evaporated almost to dryness 
at the ordinary temperature, concentrated ammonia added, and the 
solution again repeatedly extracted with ether. After evaporating 
at the ordinary temperature, the ammonium bromocamphorsulphonate 
was obtained in crystals, which were identical with those of the 
ordinary ammonium salt in outward and in optical properties. 

Now, as a general rule, desmotropic forms are easily converted one 
into the other by a change of temperature, or with the aid of a trace 
of piperidine (SchifP, JBer., 1898, 31, 601) or of sodium ethoxide. 
Accordingly, attempts were made to convert the a- into the /5-salt and 
vice versd, but without success, and it was thus found that the two 
isomerides do not show the ordinary behaviour of desmotropic forms 
in any way whatever. 

The salts, as already stated, are not changed when they are re- 
peatedly crystallised from water or other solvents, nor when heated 
to fusion in their water of crystallisation. Ferric chloride, so reliable 
a reagent in most cases for the detection of the enolic modification, 
gives no coloration with either the a- or the /8-salt in aqueous or in 
alcoholic solutions. 

Neither of the salts interacts with phenyl isocyanate ; samples of 
each, dried at 100°, were left in contact with this reagent during 
several days, but neither underwent any change; portions which had 
been treated in this way, and then merely washed with ether on 
porous earthenware, showed the melting points of 130^ and 150° re- 
spectively, and after dissolving in water and filtering from diphenyl- 
carbamide, the solutions, on evaporation, gave the a- and /5-salts 
respectively in an unchanged condition.*^ Hadeither of the salts been 
derived from an enolic form of bromooamphorsulphonio acid, it is 
probable that it would have interacted with the phenyl isocyanate. 

Samples of the dehydrated salts were also separately recrystallised 
from benzene in presence of traces of piperidine ; no change, however, 
was brought, about in either case, and nfter recrystallisation from 
water (an operation which is known to have no effect on either salt), 
the two compounds still had their original properties, and were appa- 
rently quite free from isomeride. 

VOh. LXXVII. 3 P 
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The only other manner, apparently, in which the bromocamphor- 
sulphonic acid might be accountable for the formation of two hydrind- 
amine salts, would be the existence of two stereoisomeric forms 
represented by the formulae 

, Br-6-H 
and I , 

but it will be obvious that such an assumption is quite untenable for 
many reasons which it is unnecessary to specify. 

It has thus been shown that the isomeric hydrindamine bromo- 
eamphorsulphonates are derived from one acid only, and that their 
isomerism is in no way referable to the existence of physically or 
chemically different forms of this acid ; this conclusion does not rest 
merely on the experimental evidence recorded in this paper, but is 
supported by such an array of facts, which cannot conveniently be 
discussed here, that it may be regarded as final. 



Conversion of the jS- into the a-Salt 


Although all attempts to convert one of the hydrindamine salts 
into the isomeride by crystallisation, or by dissolution in and evapora- 
tion with solvents, were unsuccessful, it was found that the /3-salt 
could be almost entirely transformed into the isomeride by repeatedly 
evaporating its aqtieous solution with externally compensated hy- 
drindamine j the operation is so simple that further description is 
unnecessary. 

In a similar manner, the a-salt may be partly inverted into the 
^-isomeride. 

That in this process hydrolytic dissociation plays no part is proved 
by the fact that in absence of added base, the change does not occur ; 
it can also be shown in other ways that the salts do not undergo 
hydrolytic dissociation to any appreciable extent. The conversion of 
one isomeride into the other under the conditions just stated is there- 
fore a process essentially different from that in which this partial 
transformation is brought about by first liberating the base, and then 
treating again with fresh bromocamphorsulphonic acid (p. 878). 

Two diametrically opposite views might be held as to the interpreta- 
tion of the fact just recorded. On the one hand, it might be considered 
as conclusive evidence that the a- and ^-salts are not derived from 
physically or chemically isomeric acids^ since base alone is added 
drying the transformation. On the other hand> it might be as- 


ihat the presence of free base caus^ a change to take place 
d or ehemieal character of the acid if the presence of a 
in© may bring about the <^nversion of an enolic form 
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into the ketonic isomeride, the free base, hydrindamine, might play 
a similar part. The possibility of the latter view being adopted 
made it necessary to show by the experiments already recorded 
that bromocamphorsulphonic acid exists only in the one form. 


Hydrindamine is composed of Two Enantiomorphous Modifications only. 

Another very natural conclusion which might be drawn from the 
fact that the /5-salt is converted into the a-isomeride on evaporation 
with fresh quantities of the externally compensated base would be, 
perhaps, that the hydrindamine supplied to the acid during this 
process is different, partly or entirely, from the base to which the acid 
is already united. 

To conclude that one enantiomorphous base displaces the other 
would, of course, necessitate the further assumption that the two 
isomeric salts correspond in the ordinary manner with the two enantio- 
morphously related bases, a view which has already been discussed and 
shown to be untenable. 

The question as to whether the base exists in two modifications 
which are not enantiomorphously related has not yet been raised, and, 
in fact, it is hardly necessary to consider it. If the hydrindene and 
benzene chains did not lie in one plane, there might, of course, be two 
stereoisomeric hydrindones, as represented roughly by the following 
formulae: 



and each of these would give rise to two different optically active 
bases. There would thus be two different externally compensated 
hydrindamines, which would be related to one another in much the same 
way as optically inactive horny lamine and neobornylamine, for ex- 
ample j the two externally compensated compounds would then be 
different altogether, and would necessaidly give different salts and 
other derivatives, just as do the optically active bomylamines (Forster, 
Trans., 1898, 73, 386). 

As it has already been shown that the base of the a-saJt is identical, 
chemically and physically, with that of the jS-isomeride, the possible 
existence of isomeric inactive hydrindamines need not be further 
discussed. 

The results of the experiments which have now been described may 
be briefly- summarised as follows ; Externally compensated hydrind- 
amine, which is a mixture of two enantiomorphously related forms, 

3 P 2 
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combines with <i-bromocamphorsulphoiiic acid, giving unequal quan- 
tities of two isomeric salts. The base and the acid of which one salt 
is composed are identical respectively, both physically and chemically, 
with the components of its isomeride. 


II. Specijic and Molecular Rotations of the Hydrindamine 
Bromocamphorsulphonates. 

The optical examination of the a- and jS-salts described in the pre- 
ceding section shows that the isomerides have different specific 
rotations in methyl alcohol, chloroform, and aqueous solutions, that 
of the a-compound being in all cases considerably higher than that of 
the isomeride. 

Methyl Alcohol Solutions. — ^The samples were dried at 100° until 
practically constant in weight j 1 gram of each was then separately 
dissolved in 99 per cent, methyl alcohol, the solution diluted to 25 c.c., 
and examined in a 200 mm. tube at about 16°, 

a-Salt a +5° 19' [a]i> +66-6° [M]^ +296 

/5-Salt a 4° 25' [a]j, 55*2 245 

Optical examination was next made in more dilute solutions, 0*5 gram 
being used, the samples of salt, solvent, and all other conditions being 
the feame as before. ' 

a-Salt a +2°36' (ajD +65*0° [M]i> +289 

iS-Salt a 2°12' [ajo 55 0° [M]^ 244 

These values show that the change in concentration from about 4 
to 2 per cent, produces no appreciable effect on the specific rotation. 

Chloro/orm Solutiom.-^wBalt ; 0*5 gram of the anhydrous salt was 
dissolved in, and made up to 25 c.c. with chloroform, the solution 
being examined in a 200 mm. tube. /?-Salt : 0-5 gram of air-dried 
^It containing 2^7 per cent, of water was treated in the same way : 
the molecular rotation is^calculated for the anhydrous compound. 

« +1°53' +47'3° [Mju +210 

« 1°40' [a]p 41*5° [M]i, 190 


Aqueous Solutions, 

Observations were next made in dilute aqueous solutions : 0*25 gram 
of ^eh of the dehydrated salts was dissolved, the solution made up to 
25 e.c., and examined in a 200 mm. tube at about 16°. 





a +i°W 

« 0°58 


+68'3° 
[a]* 48-3° 


+259 
[M]» 214 
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iTow the molecular rotation, [M]3>, of bromocamphorsulphonic acid 
in aqueous solution is +270, and it might therefore be inferred from 
these results that the base of the jS-salt is Isevorotatory, whilst 
that of the a>compound is either very feebly Isevorotatory or optically 
inactive ; but, in view of the rather large experimental error which is 
unavoidable in dealing with such dilute solutions, it was necessary to 
make further determinations with different samples of the two salts 
before much weight could be attached to the results. 

In the first of this new series of experiments, the samples were 
again dried at 100° until constant in weight, an operation which lasted 
during many hours ; the following results were then obtained, the 
samples marked with an asterisk being different from the other two 3 
a 200 mm. tube was used in all cases. 


a-Scdt, 


Weight of substance. 

Volume of solution. 

®i>« 


[M].. 

0*9331 

25 c.c. 

+ 4°43' 

+ 63*1° 

+ 280 

0*2333 


1°8' 

60*5 

268 

*0*4735 

tf 

2°31' 

60*7 

270 


pSalt. 




0*8100 

25 c.c. 

+ 3°31' 

+ 54*3° 

+ 241 

0*2025 


0°52' 

53*5 

237 

*0*4862 

99 

2°6' 

54*0 

240 


These results confirm those previously obtained in the case of the 
a-salt within the limits of experimental erroi’, but in the case of the 
/S-salt, the values of the molecular rotation are about 10 per cent, 
higher than that previously found. As it seemed possible that this 
disagreement might be the result of such prolonged heating at 100°, 
fresh determinations were made with air-dried samples of the two 
saltrf, and the combined water was determined in other portions of the 
same samples 3 the following results were thus obtained, using water 
as solvent and a 200 mm. tube. ’ 

The specific and molecular rotations are calculated for the anhydrous 
salts. ^ 

Weight of substance. Volume of solution. an- t“]D* [M3n* 

0-2500 25 c.c. +1°8' +59*7° +265 

0*5000 „ 2°ir 60*3 268 

The sample of the a-salt contained 5*3 per cent, of water. 
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fi-JSalt. 

Weight of^ubstance. Volume of solution. ccd. [aj^. [M]d. 

0-2500 25 c.c. +0^59' +50*3° +223 

0*5000 „ P54' 49-0 218 

The sample of the ^-salt contained 2*76 pen cent, of water. 

The samples marked above with an asterisk were the same respec- 
tively as those used in the last experiments, bub the marked samples 
were dehydrated before the specific rotations were determined ; it 
would seem, therefore, that prolonged heating at 100° raises the 
specific rotation of the j8-salb to a very slight extent, but has no effect 
on that of the a-salt. If such a change really does occur, it does not 
consist in the conversion of the into the a-isomeride, because on 
evaporating an aqueous solution of a sample of the /5-salt which has 
been heated during several days at 100°, the crystalline deposit does 
not show the presence of even traces of the a-compound. 

Accepting the values for the molecular rotations obtained in the 
last series of experiments, which are probably the most trustworthy, 
and assuming that they are practically the same as those of the fully 
dissociated salts, it might be provisionally assumed that the base ion 
of the a-salt is optically inactive, whereas that of the /3-salt shows a 
molecular rotation of about —50°. 

At this stage of the investigation, for reasons which will be obvious, 
it seemed desirable to ascertain whether the value obtained for the 
molecular rotation of bromocamphorsulphonic acid in the case of salts 
analogous to the hydrindamine compounds would correspond with that 
deduced from an examination of its metallic salts } ammonium bromo- 
camphorsulphonate and aniline bromocamphorsulphonate were there 
fore examined in 1 to 4 per cent, aqueous solutions with the following 
results ; 

Ammonium hromocamphm'stdphonate. 


Weight of salt. 

Volume of solution. 

ao. 

[«]D. 

[M]u. 

1 gram 

25 c.c. 

+ 6°47' 

+ 8i'8'’ 

+ 278 

0-5 „ 


3°24' 

. 84-8‘’ 

278 

0-25 „ 


1°40' 

83-5° 

274 


Aniline bt'omocampli>ormlpkonate. 


Weight of salt. 

Volume of solution. 

an- 

[aJi). 


0*5 gram 

25 c.c. 

+ 2°39' 

+ 66*3 

+ 268 

0*25 


1°2Q' 

67*0 

271 


are practically identical with those obtained by 
and therefore do not afiord any good reason 


for reject* 
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ing the provisional assumption just made, namely, that the molecular 
rotation of the a-salt is normal on the supposition that the base is 
optically inactive, whereas that of the /S-salt indicates the presence of 
Isevorotatory hydrindamine. 

But it has already been shown that the /S-salt must be regarded as 
partially racemic because the base contained in it is identical with 
ordinary hydrindamine ; further, it cannot be assumed that the j8-salt 
contains Isevorotatory base without also assuming that the a-salt con- 
tains the dextrorotatory isomeride, in which case the molecular rotation 
of the a»salt could hardly be [M!]d= +268. Even the assumption 
that optically active hydrindamine undergoes almost instantaneous 
racemisation would not account for the existence of a ()3-)salb contain- 
ing Isevorotatory base and a more sparingly soluble (a-)salt contain- 
ing optically inactive hydrindamine* For these reasons, the abnormal 
molecular rotation of the ^-salt cannot be explained in this simple 
way. 

The existence in the j^-salt of an isomeric bromocamphorsulphonic 
acid, which in the ionic state has a molecular rotation [M]d + 220 is 
another explanation which might suggest itself, and it was for this 
reason that it was so necessary to prove by the experiments already 
recorded that the molecular rotation of the acid of the jS-salt is 
identical with that of ordinary bromocamphorsulphonic acid. 

The assumption that the abnormal molecular rotation of the ^-salt 
is due to hydrolytic dissociation might also be made, but even if it were 
in itself suj0S.cient, it would-be in direct conflict with the experimental 
evidence ; so far as can be inferred from the fact that aqueous solutions 
of the jS-salt do not acquire an acid reaction on prolonged boiling, the 
salt does not undergo hydrolytic dissociation to any appreciable 
extent; moreover, even in the case of a salt such as morphine bromo- 
camphorsulphonate, which is a salt of a comparatively feeble base, the 
normal molecular rotation is obtained in dilute aqueous solution 
(Walden, j^eiL phyaihcd, 1894, 15, 206). 

The last explanation which may be considered is the possibility that 
the yS-salt does not undergo ionic dissociation in 1 per cent, aqueous 
solution to a sufficieht extent to give the normal molecular rotation of 
its acid ion. 

ITow Walden has shown that even in very dilute aqueous solutions the 
metallic salts of bromocamphorsulphonic acid are only dissociated to 
the extent of 80 — 90 per cent. ; he also found that the extent of dis- 
sociation, for solutions of equivalent concentration, varies with the 
natui’e of the solvent, being, for example, only about 80 per cent, in 
the case of the barium salt, but reaching 90 per cent, in the case of 
the potassium salt, these being the results of determinations in the 
most dilute solutions which he examined. 
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As it is very improbable that the salts of hydrindamine with 
bromocamphorsulphonic acid would be more highly dissociated than 
the potassium salt of this acid, it may be safely concluded that the 
former are only partially ionised even in the most dilute solutions 
(1 per cent.) which were examined, more especially as even these 
solutions contained about three times as many equivalents of the salt 
as the most dilute solutions of potassium brpmocamphorsulphonate 
investigated by 'Walden. 

Now, in the case of the metallic salts of bromocamphorsulphonic 
acid, the molecular rotations vary very little with the extent of dis- 
sociation, a difference of about 20 per cent, in the latter making a 
difference of only 1 or 2 per cent, in the former ; it might be thought, 
therefore, that the value obtained for the molecular rotation of the 
^-salt in 1 per cent, solution, in which dissociation is probably far 
from complete, might nevertheless be almost identical with the value 
which would be obtained in infinitely dilute solution. 

This, however, is not a necessary consequence by any means. The 
jS-salt differs profoundly from the metallic salts of bromocaniphor- 
sulphonic acid, inasmuch as it contains enantiomorphous base ions, 
and the union of the latter with the acid ions may give salt molecules 
which have a molecular rotation widely different from that of the 
algebraic sum of the molecular rotations of the ions ; consequently a 
small difference in the extent of the dissociation might make a very 
considerable difference in the observed molecular rotation. 

If, then, it could be shown that the specific rotation of the )8-salt 
increased as the concentration of the aqueous solutions diminished, 
the whole difficulty would be overcome. Unfortunately, boWever, the 
solubility of the salt in cold water is so small that solutions containing 
more than about 2 per cent, cannot be examined, and with those con- 
taining less than 1 per cent, the experimental error would be too 
large ; for these reasons, it was impossible to trace the influence of 
concentration by employing aqueous solutions only. 

As the addition of hydrindamine for the purpose of diminishing the 
ionic dissociation would have been inadmissible, since the free base 
brings about the partial conversion of one isomeride into the other, 
and as its salts might do so likewise, this method was also excluded. 

Experiments were therefore made in aqueous methyl alcoholic solu- 
tion as follows : 2 grams of y8-salt, containing 2*7 per cent, of watery 
were dissolved in water containing just sufficient methyl alcohol to 
prevent crystallisation on diluting with water to 25 c.c, ; thiB solution 
;was examined in a 100 mm. tube. 

4^8' [a]jo +53-P [M]p +236. 

same sample dissolved in 99 jper cent, mettiyl 
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alcohol, the solution diluted to 26 c.c„ and examined in a 200 mm. 
tube : 

a +10^26' [a]p +64*2^= [M]j> +241 

The specific and molecular rotations are calculated for the anhydrous 
salt in both caseSi 

Since the specific rotation of the/S-salt is about [a]© +55'^ in a 2 per 
cent, solution in methyl alcohol, and about +50® in 1 percent, aqueous 
solution, the results of these experiments afEord no indication as to 
whether the specific rotation increases or decreases as concentration 
diminishes ; from experiments made with aqueous solutions containing 
about 0'4 per cent, of salt, it would seem that the latter is true, but 
the experimental error was too large to admit of any positive con- 
clusion being drawn. 

The results of the optical examination of this pair of isomerides, 
taken as a whole, cannot, therefore, be regarded as strictly in accord- 
ance with the view that the )S-salt is partially racemic, although they 
confirm this conclusion as regards the a-salt. On the other hand, the 
view that the ^-isomeride is a salt of Isevorotatory hydrindamine is so 
beset with improbabilities that it could not be maintained ; in addition 
to the reasons already stated against it, there is the obvious relation 
between the )8-salts of the bromo- and chloro-acids, which practically 
settles the matter, since the value for the molecular rotation of the 
^-chloro-salt is approximately normal on the assumption that it is 
partially racemic. 


TIL Isomeric Hyd/rindamine Chlorocamphorsulphonates. 

The interesting case of isomerism observed in the study of the 
hydrindamine bromocamphorsulphonates led naturally to the examin- 
ation of other salts of the externally compensated base, and the close 
relationship between the sulphonic acids of bromo- and ohlorooamphor 
(Kipping and Pope, Trans., 1893, 03, 548) seemed to justify the eon- 
elusion that the hydrindamine salts of chlorocamphorsulphohic acid 
would be obtainable in isomeric forms, corresponding with those of 
the salts of the bromo-acidt 

Experiment showed this to be the case, and the preparation and 
investigation of the isomeric partially racemic hydrindamine chloro- 
camphorsulphonates are described in this section. 

The analogy between the salts of the chloro-acid and the correspond- 
ing isomerides of the bromo-acid is on the whole very complete; 
nevertheless, the jS-salt of the former differs from that of the latter in 
one important particular, as it exists in two differently hydrated 
crystalline modifications which show an interesting behaviour. 
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The two salts are prepared by neutralising an aqueous solution of 
chlorocamphorsulphonic acid with hydrindamine, which is partly dis- 
solved and partly suspended in water; the solution is then concen- 
trated if necessary and allowed to cool, Tiie first and several subse- 
quent deposits seem to be homogeneous, and consist ^f bulky masses 
of very slender needles, but on further concentration the character of 
the crystalline deposit begins to change, and finally compact, trans- 
parent prisms are often obtained ; by systematic crystallisation 
from water or very dilute alcohol, two different products may be 
isolated. 

orSalt. 


The more sparingly soluble salt, which doubtless corresponds 
with the a-salt of the bromo-acid, invariably sepax’ates from warm 
or cold water in bulky, opaque, or translucent masses consisting 
of very small, concentrically grouped needles, which under the mi- 
croscope are quite transparent and appear to be fairly well defined. 

These crystals liquefy almost immediately — in less than 5 min- 
utes — in their water of crystallisation when they are heated at 
about 100° in a water-oven, giving a brittle, vitreous mass, from 
which the rest of the water is expelled only on prolonged heating ; 
on exposure bo the air, they gradually ejSBoresce, and continue to lose 
in weight during many days, but even when efifioiescence has ceased 
they still liquefy in their water of crystallisation when heated at 100°. 
In appearance and in all ordinary properties, this salt is difificult to 
distinguish from the a-salt of the bromo-acid, but as a rule its crys- 
tals are rather larger and more definite. Compact, ill-defined prisms, 
such as are sometimes observed in the case of the a-bromo-salt (p. 873), 
have never been obtained with this compound, although it has been 
repeatedly crystallised from water under different conditions ; it also 
differs from the a-salt of the bromo-acid, inasmuch as it is deposited 
in a crystalline, and nob in an oily condition, from warm saturated 
aqueous solutions. 

The a-salt of hydrindamine and chlorocamphorsulphonic acid is 
only sparingly soluble in cold water, but it dissolves freely on warm- 
ing, and is also readily soluble in cold chloroform and ethyl alcohol ; 
it crystallises from methyl alcohol in long, transparent, efflorescent 
prisms, which often attain a length of several centimetres, bub its 
solutions in chloroform give, on spontaneous evaporation, a vitreous 


or gum-like mass which apparently only becomes crystalline as the re- 
of atmospheric moisture. The anhydrous 
in hot ethyl acetate, but in presence 
of water it dissolves freely, separating again 

'-.maSS^.^. ..... V., ■ 
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The anhydrous salt has not a very definite melting point ; it 
begins to sinter at about 160°, and then melts fairly sharply at about 
165 — 166° (corr.) 3 it does not darken in colour appreciably when 
heated at 100° during several days. 

The water of crystallisation was determined in two different 
samples. The first was prepared by crystallisation from methyl 
alcohol, and dried on porous earthenware during about 12 hours 
only. 

0*5 lost 0’0413 HgO at 100° during 72 hours. H20 = 8'26. 

0*5 „ 0*0414 HgO „ „ „ H20=-8'28. 

The second sample was prepared in a similar manner, but was dried 
in the air until constant in weight. 

1*0015 lost 0*0713 HgO at 100° during 72 hours. HgO^t*!. 

1*000 „ 0*0701 HgO „ „ „ H20=7*0. 

+ 2H2O requires HgO^S'S per cent. 

0,oH,,G10*S03H,02H,,17 + 1|H20 „ „ 

These results seem to show that the salt crystallises with 2H2O, of 
which it. loses J mol, on exposure to the air ; the experimental results 
agree with the calculated much more closely than in the case of the 
a-salt of the bromo-acid, and it may also be noted that the two salts 
do not seem to be equally hydrated, although the difference is very 
small. 

Determinations made by Carius’ method with samples dried at 100° 
until constant gave the following results : 

0*2844 gave 0*1037 AgOl. 01 = 9*0. 

0*1360 „ 0*0626 AgOl. 01 = 9*4. 

CjijHi^OlO'SOgHjOQH^iN requires 01 = 8*8 per cent. 


The hydrindamine chlorocamphorsulphonate, wiioh is deposited from 
the mother liquors of the a-salt, gives, after further fractional crystal- 
lisation, a product which in some respects is very similar to the ^-salt 
of the corresponding bromo-acid. This product is very often deposited 
from aqueous solution in the form of small, lustrous, compact, trans- 
parent, well-defined prisms, which are indistinguishable in appearance 
from the crystals of the j8-salt of the bromo-acid, and, like the latter, 
become opaque when warmed in contact with their mother liquor. 

Very great difficulty and uncertainty, however, were first experi- 
enced with this ^-salb, as for a long time it seemed impossible to obtain 
it free from the a-isomeride. 

Owing to the great difference in appearance between the opaque 
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masses of slender needles of the a-salt and the small, transparent 
crystals of the /3-isomeride, and owing to the fact that the melting 
points of the salts cannot be determined until the samples have been 
dried at 100^ for many hours, the best method of testing the purity of 
a sample supposed to be the y8-salt, at any rate, in the case of the 
hydrindamine bromocamphorsulphonate, is to recrystallise the sample 
from cold or tepid water 3 if any a-salt is then deposited, its presence 
can be immediately detected by mere inspection, as it forms opaque, 
white patches on the transparent prisms. 

ITow on recrystallising, the compact prisms of the jS-chloro-salt 
from water — ^in order to ensure the purity of the preparation — the salt 
was often deposited again in its original, apparently pure, condition, 
and as this recrystallisation, with or without fractionating, could often 
be repeated many times without the bulky crystals of the supposed 
a-compound making their appearance, it seemed that the latter was 
absent; on continuing this testing, however, under apparently the 
same conditions as before, small, opaque masses of needles, looking 
exactly like crystals of the a-salt would be deposited among the trans- 
parent prisms, sometimes simultaneously with the latter, generally only 
towards the end of the crystallisation ; the opaque masses having been 
separated mechanically and the prisms again dissolved, the solution 
again deposited what were obviously two different kinds of crystals, 
and in some cases the opaque masses which appeared to be crystals of 
of the a-salt were deposited alone. 

As these reerystallisations were often carried out without altering, 
intentionally or appreciably, the quantity of water present, the solu- 
tions being of such a strength that the salt only separated after they 
had cooled to nearly atmospheric temperature, and as two kinds of 
crystals were certainly obtained, the presence of the a-salt seemed to 
be the only explanation of the difficulty, and repeated attempts were, 
made to get rid of this compound by fractional crystallisation, com- 
bined with a mechanical separation of the opaque masses, whenever 
they appeared. 


The fi-Salt Crystallises in Two Differently Hyd^xited Forms. 

Finding that these operations failed to alter the character of the 
deposits, the crystals, which were supposed to be those of the a-salt, 
were collected and examined. They consisted of bulky masses of 
transparent needles, indistinguishable in appearance, even under the 
microscope, from the crystals of the a-salt, and on recrystallisation 
water or dilute methyl alcohol, they were deposited apparently 
“ytfe only slight difference which couH be observed between 
of the a-salt w^, that when heated in a water- 
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oven they did not liquefy in their water of crystallisation except 
after some time (20-^30 minutes), whereas the a-salt invariably does 
so in the course of a few minutes, even when it is thoroughly air-dried. 

Although it seemed very improbable that this j8-salt of the chloro- 
acid would differ from the /3-salt of the bromo-acid to any considerable 
extent, the above observations doubtless indicated the existence of two 
different crystalline varieties of the latter, and as the result of further 
experiments, this view was fully confirmed. 

The one crystalline form of the /3-salt, which is called the A variety, 
as already stated, is very similar to, in fact indistinguishable from, the 
ordinary crystalline form of the /3-salt of the bromo-acid (p. 874), and 
consists of small, lustrous, transparent, well-defined prisms, which are 
often massed together concentrically ; these crystals do not seem to 
effloresce, and they become constant in weight after a few days’ 
exposure to the air ; they then contain about 3*7 per cent, of water, 
which is expelled on prolonged heating at 100° : 

0*5 lost 0*019 HgO at 100° during 72 hours. HgO — S'O. 

0*5190 „ 0*0195 H 2 O „ „ „ H20 = 3*7. 

1*1885 „ 0*0444 HgO „ „ „ 

O^o^uOlO’SOjjHjOgH^^lSf 4- HgO requires HgO = 4*3 per cent. 

Oi^Hi 4 C 10 *S 03 H, 09 HiiN.hfH 20 „ H20-3*2 „ 

As the crystals of the ^-salt of the bromo-acid give results which 
agree well with those required for f mol. HgO, it is rather surprising 
that this corresponding form of the ^-salt of the chloro acid should give 
values which are not in good agreement with the theoretical ones ; for 
reasons which will appear later, it is possible that this is due to the 
presence of the other hydrated form of the /3-salt. 

The second crystalline form of the jS salt, the B variety, separates 
from water or dilute methyl alcohol in opaque masses of slender, 
transparent needles, indistinguishable by inspection from the crystals 
of the a-salts of the chloro- and bromo-acids but absolutely different 
in appearance from the crystals of the A variety of this salt. 

These crystals do not effloresce appreciably, and when air-dried they 
contain about 6*4 per cent, of water of crystallisation, which is only 
very slowly expelled at 100°, as the salt gradually liquefies at first, 
and then forms a vitreous mass. 

0*6 lost 0*0265 HgO at 115° (4 hours), at 100° (12 hours). 

0*4 „ 0*0222 HgO „ 100° during 16 hours. 

OioHi 4 C 10 *S 08 H,C 3 HiiN + requires H^O «5*3 per cent. 

These results agree satisfactorily with those required by the above 
formula, but too much weight should not be attached to them, as it is 
difficult to ascertain whether this B variety of the /3-salt is, or is not, 
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free from the A form ; the two kinds of crystals are often deposited 
together, and the presence of the A form might easily pass undetected. 

Now since a determination of the water of crystallisation in the B 
variety of the y8-salt, for the reason just given, may not be considered 
conclusive proof of its non-identity with the a-salt, and as, so far, no 
other evidence has been advanced to show that the two substances are 
really different, it is necessary to state fully the facts which have 1^ 
to the conclusion that the ^-salt crystallises in two differently hy- 
drated forms. The existence of any ordinary compound in two such 
forms is of course in no way remarkable, but in view of the possible 
conversion of one of these partially rsteemic salts into the other by 
crystallisation (compare the hydrindamine cis-TT’Camphanates, p. 869), 
of the curious relation between the two crystalline hydrates of the 
j^-salt, of the fact that the /3-salt of the bromo-acid seems to exist 
in only one form, and of the great similarity between the a-salt of the 
chloro-acid and the B variety of the y3-salt, it cannot be denied that 
some further evidence is required in order to prove that the A and B 
crystalline varieties both represent /3-salt. 

Generally speaking, of course, it is a very simple matter to ascertain 
whether a substance which gives two kinds of crystals is a mixture or 
is dimorphous, but in this particular instance there were many diffi- 
culties in the way. It is useless, for example, to take the melting 
point of either the a- or the /8-salt, unless the crystals have been 
thoroughly dehydrated at 100°, an operation which requires about 24 
hours. Further, the /8-S9lt, even when thus treated, does not appear 
to have a definite melting point. Crystals of the A variety which 
have been heated at 100° during only a few hours or during several 
days, sometimes melt fairly sharply at about 130°, but other samples 
only sinter at about 140° and do not melt completely until about 165° 
Most samples, in fact, behave much as they might be expected to do 
if they were really mixtures of the a- and /3-salts. This indefinite 
melting point may possibly be caused by the presence of water, as the 
dehydrated salt is very hygroscopic, or by the presence of two differ- 
ent crystalline varieties of the anhydrous salt, or by slight decompo- 
sition ; but after the many determinations which have been made with 
various samples, it is impossible to believe that it is due to the presence 
of the a-salt. 

Another difficulty in settling this question of the existence of two 
forms of the /3-salt was owing to the fact that the B variety varies 
very much in appearance and behaviour, according to the conditions 


which it is deposited ; although generally it forms opaque masses 
needles, which) when dried on porous earthenware, do not 
g^ w^er oven until af ter some time (30— -60 minutes), in 
Jto been depcwsited more slowly, it forms sightly 
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larger , transparent prisms which, like the crystals of the a-salt, liquefy 
completely in the course of a few minutes. 

These statements merely show that a conclusion could not be 
hastily formed, and the evidence which is relied on to establish the 
existence of the two varieties of the ^-salt has still to be given. 

In the first place, then, the two forms A and B often change one 
into the other on recrystallisation from water or dilute methyl alcohol. 
Although the variety A may be recrystallised several times, 8, 10, or 
more, consecutively, without showing the presence of traces of the 
variety B in the deposit, and although, similarly, the variety B may 
often be recrystallised several times without passing into the form A, 
repeated crystallisation, without intentionally altering the quantity 
of solvent will cause, or, at any rate, has done hitherto, the conversion 
'of one variety into the other, either partially or entirely. The a-salt 
has. been repeatedly crystallised under the same conditions as the 
^-salt, but it has never yet been observed to give crystals resembling 
those of the A variety of the ^-salt. 

In the second place, the specific rotations of the two varieties A and 
B, calculated for the anhydrous salts, are identical within the limits 
of experimental error, whilst the specific rotation of the a-salt is lower 
than that of the ^-salt (compare following section). 

There can, therefore, be no doubt that the variety B of the j8-salt is 
not the same substance as the a-salt in spite of their outward simi- 
larity. The conditions which determine the formation of one or the 
other variety of the /3-salt have not been satisfactorily determined, 
although presumably it is primarily a question of temperature. Ex- 
periments were made to ascertain the influence of a change in tempera- 
ture, and it was found that when an aqueous solution of the /3-salt 
was cooled ‘to 0° before the separation of oil or of crystals commenced, 
the form B was deposited, and this occurred repeatedly. The same 
solution, when concentrated a little, and then allowed to crystallise at 
the ordinary temperature, gave crystals of the A variety three times 
consecutively. Moreover, solutions which are beginning to deposit the 
variety B, if 'warmed gently to about 20® without dissolving the whole 
of B, will often deposit the variety A on subsequent cooling. 

On the other hand, the variety B often separates when the solutions 
crystallise at about 15®, at which temperature A is usually deposited. 
The presence of crystals of one or other variety in the solution does 
not seem to have any effect on the nature of the subsequent deposit. 
Solutions from which the form A has been deposited, and in which the 
crystals are still immersed, if left alone, will sometimes give specks of* 
opaque B in the- course of a few hours, but in other cases nothing of 
the kind happens, even after keeping during several days. The crystals 
of A in contact with the solution will also remain unaltered for 
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several days, but at the end of this time usually begin to change in 
appearance and become opaque at the edges. Whether this is due to 
the formation of a thin deposit of the B variety or to an actual 
change in the crystals themselves is difficult to determine. This con- 
flicting evidence seems to show that the temperature at which the one 
variety changes into the other is within the limits of ordinary atmo- 
spheric temperatures, but it would also appear that the concentration 
of the solution has some eflect. A solution which has given one of 
the two forms, if merely warmed until all the crystals have dissolved, 
will generally give the same variety again and again, and only on 
repeating these operations a number of times does the change into the 
other variety occur. The whole behaviour of the j^-salt requires, in 
fact, a more complete investigation before it can be stated with cer- 
tainty what are the conditions which determine the formation of one 
or other of these different hydrates. 

It seemed probable, at one time, that the change which the /?-salt 
sometimes undergoes on reerystallisation, might be caused by the 
resolution of the partially racemic compound into the two salts of the 
enantiomorphous bases, since Ladenburg has shown 1899, 

32, 50) that partially racemic strychnine] racemate has a definite 
transition temperature at which such a change occurs ; the experiments 
described in the following section show, however, that this is not the 
case, and that the two varieties of the )S-salt are both partially racemic. 

As regards the ordinary properties of the /S-salfc little need be said ; 
it is only sparingly soluble in cold water, but dissolves freely in cold 
ethyl or methyl alcohol. 


Mohcvlar Weight Determinatiomn 

The molecular weight of the isomeric hydrindamine chlorocamphor- 
sulphonates was determined in dilute aqueous solution by the cryo- 
scopic method ; the results show that the two salts are largely dis- 
sociated, the values obtained being approximately half the calculated 


value. 

Weight of 
solvent. 

Weight of 
substance. 

Grams substance in 
100 gi'ams solvent. 

Depression 
of freezing 
point. 

M.W. 

a-Salt ... 

... 25 grams 0*S 

1-2 

0-100 

227 


26 „ 

0*2 

0-8 

0-080 

190 


25 „ 

0^3 

1*2 

0-100 

227 

iS-Salt .... 

... 26 „ 

0-3 

1*2 

0-110 

207 


^Taking the water of crystallisation to be 7‘0 per cent, in the a-salt 
per cent, in the ^-salt (variety A), the values would become 

t : M.W. = 200. jS-Salt ; M. W. = 199, 
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Conversion of into orSalt 

The close relationship between the isomeric hydrindamine bromo- 
camphorsulphonates and chlorocamphorsulphonates rendered it almost 
certain that the y?-salt of the chloro-, like that of the bromo-acid, 
would be converted into the a-isomeride on evaporation with the 
externally compensated base ; experiment showed this to be se- 
lf, after evaporating almost to dryness 5 — 8 times, small quantities of 
base being added after each evaporation, the residue is crystallised 
from water, it is deposited in needles identical in appearance with the 
crystals of the a-salt, and when these needles have been dried for 
about 30 hours at 100°, they have no longer the indefinite melting 
point of the /3-salt, but liquefy fairly sharply at 162 — 165°. 

IV, Specific and Molecular Rotations of the Hydrind- 
amine Chlorocamphorsulphonates, 

The determination of the specific rotations of the isomeric hydrind- 
amine chlorocamphorsulphonates was undertaken with two objects; in 
the first place, in order to prove that the /3-salt, in spite of its apparent 
behaviour to the contrary, is not really converted into the a-isomeride 
on repeated crystallisation from water ; and in the second place, in 
order to ascertain whether the analogy between the salts of the bromo- 
and chloro-acids would extend to their optical behaviour. 

The first of these points, namely, the homogeneity and unalter- 
ability of the /3-salt, had of course to be settled before the second 
could be considered, and the experiments which were made for this 
purpose may now be described. 

A. sample of the /3-salt, which had been prepared by repeated re- 
crystallisation from water, and which consisted entirely of the (A.) 
variety so far as could be ascertained, was separated by further 
crystallisation into two approximately equal fractions, I and II, both 
of which were apparently identical with the original sample ; the 
specific rotations of these two fractions were then determined in 
aqueous solution, the air-dried salt being used ; both fractions con- 
tained 3*7 per cent, of water. A 200 mm. tube was used and the 
volume of the solution was 25 c.c. in both cases. 

(A) Vmriety, 


Calc, for anhydrous 
salt. 


I. 

0-25 

ctn. 

-h 58' 

[«].. 

+ 48-3‘’ 

[«3d. 

+ 60*2° 

[Mi. 
+ 201° 


0-5 

1°57' 

48-8 

50-7 

202 

II. 

0*25 

57' 

47-5 

49-3 

197 


0-25 

59' 

49-1 

50*-9 

203 


■ TOI,. Lxxvn. ... 3;Q 
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A sample of the /J salt, which had been deposited in the opaque, 
bulky crystals of the B variety, and which was indistinguishable from 
the a-salt in appearance^ was then examined. The observations were 
made in aqueous solution in a 200 mm. tube, the volume of the 
solution being 25 c.c. ; the air-dried salt, which was afterwards found 
to contain 5*2 per cent, of water of crystallisation, was employed. 

Calo.for 
anhydrous salt. 

; M Mb [«]b C^]b 

0*5 gram ............ +1W -^48*4° -t-5P +200 

0*5 „ P55' 47*9 50*5 202 

Another sample of the variety B, obtained in a different crystallisa- 
tion, was also examined under the same conditions, with the following 
result : 

0*5 gram a -I-P58'. [a]i> +49*P. 


The water of crystallisation in this (air-dried) sample was not deter- 
mined, but taking it to be 5*2 per cent., as in the previous case, the 
values for the anhydrous salt would be 

[a]j, +51*8°. [M],, +207. 


These results, under ordinary circumstances, would be sufficient to 
establish the chemical identity of the two different crystalline varieties 
of the j8-salt, especially as the samples recovered from the solutions 
used in the above experiments could be converted one into the other 
just as can ordinary preparations of the j8-salt- 

It must be stated, however, that in one case the examination of the 
crystalline variety B led to very different results ; two portions of 
one and the same sample, which contained 5*2 per cent, of water, were 
separately dissolved in cold water, the solutions diluted to 25 c.c., and 
examined in a 200 mm. tube. 

Calc, for 
anhydrous salt. 


JL 

«». [«]»- [ajc. [MJo. 

0*25 gram +1°6' +54*5° +57*4° +229 

0*25 „ 1°4' 53*5 56*4 225 


It will be seen that these values differ very widely from all those 
previously obtained, and as the difference could not be caused by the 
presence of the a-salt — which has a lower specific rotation than the 
jS-saltr — it seemed possible that a partial resolution of the /^-salt had 
;^een accomplished. In order to confirm or disprove this view, the 
I used , in the last two experiments was fractionally crystalh'sed 
p^; and again obtained, after one or two unsuccessful at^ 
crystalline variety B. The latter was separated, 
air, and examined again under the same conditions 
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M before (volumes 25 C.C.; column = 200 mm.). The Sample was found 
to contain 6*8 per cent, of water. 


L 0*5 gram. +P58' 

II- 0-4 „ P34' 


Calc, for 
anhydrous salt. 

[oL. [Mlo. 

+ 49-16° +62-6° +210 

48-9 52-4 209 


These resists agree moderately well with those obtained for the 
specific rotation of the original samples of the variety A, but the 
very abnormal values obtained for the variety B in the preceding 
eitperiment, combined with the extraordinary behaviour of the iso- 
meric hydrindamine CM-w-camphanates (compare pp. 910, et sea.) 
raised suspicion as to the homogeneity of the /3-salt and the constancy 

of Its specific rotation in the two different crystaUine forms. 

A fresh sample of the ^-salt was, therefore, crystallised from water 
and Mparat^ into three fractions. The first deposit consisted of the 
variety A; it was dried in the air until constant, and it was then 
as contai^g 3-7 per cent, of water. The second crop consisted 
of the vanety B, and when air-dried contained 6-6 per cent, of water 
The third crop also consisted of the variety B, and when air-dried 
cofi tamed 6*0 per cent, of water. 

The specific rotations of the air-dried fractions were determined in 
■ aqueous solution ] volume = 26 c.c. ; column of liquid, 200 mm. 

Calc. for anliydrous salt. 


I. (A). 0*5 gram + 1®52' 

II. (B). 0*5 „ 156 

III- (B), 0*5 „ 152 


4-46*7° 

49*0 

46*6 


[«]p. 

+ 48*5° 
51-8 
49*5 


+ 194 
207 
198 


The first fraction (A variety), crystallised again from water, gave 
a deposit of the vanety A j this was dried in the air, and examined 
under the s^me conditions as above. 

0-6 gram (variety A). « +1°65'. [»}» ■+ 47-96'i. 

This aample was found to contain 3-46 per cent, of water, so that the 
specific and molecular rotations of the. anhydrous salt are ; 


[«]b +49-6°. 

It may be ^ncluded from these results, firstly, that the two crystal- 
Ime varieties of the ^S^salt become identicaT in solution, and that 
neither is identical with the a-salt ; secondly, that the formation of 
the^^ystalline variety (B) of the ^-salt is not caused by a resolution 
of that salt into different optioaUy active components which are 
separable by fractional crystallisation. 


3 Q 2 
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It ^ill, perhaps, be noted that the results obtained in all these 
experiments with the ^-salb, excluding the two very abnormal values 
on p. 898, which are possibly due to some large experimental error, 
vary from [a]i> 4* 48*5® to +52*6° in solutions of practically the same 
concentration; this want of agreement is probably caused in soim 
measure by unavoidable errors introduced in allowing for the water of 
crystallisation. During the prolonged heating at 100°, which is 
required before the salt becomes fairly constant in weight, it evidently 
undergoes slight decomposition, and on subsequent treatment with 
water, it gives a slightly coloured and faintly turbid solution ; hence 
the loss, which is attributed to water of crystallisation, may be partly 
due to other changes. 


Specific and MoUcvda/r Rotations of the Isomeric Salts, 

For the second main object of the optical examination of these 
compounds, namely, the comparison of the specific and molecular rota- 
tions of the a- and j^-salts with one another, and 'with those of the 
corresponding salts of the bromo-acid, experiments were made in three 
different solvents, as in the case of the last-named compounds. 

The specific rotation of the a-salt was first determined in aqueous 
solution with an air-dried sample containing 7*06 per cent, of water 
of crystallisation; the volume of the solution was 26 c.o., and a 
200 mm. tube was employed in all cases. 


(1) 

0-25 

gram 

as 

+ 52' 

[«k 
+ 43-3° 

Calc, for anhydrous salt. 

[«k [Mk' 

+ 46-5° +186 

(2) 

0-25 

n 

48'-6 

40-3 

43*8 

173 

(3) 

0-26 

JJ 

64' 

45-0 

48*3 

193 

<a) 

0-5 


1°43' 

43-0 

46*2 

186 

<b) 

0-6 

» 

1°46' 

44-1 

47*5 

190 


Excepting (2), the results are sufficiently concordant, and give for 
i)he molecular rotation [M]i> a mean value +188. 

Now the mean value for the molecular rotation of the ^-salt, calcu- 
lated from the most concordant results given above, is + 202, so that 
in dilute aqueous solution the two isomerides have but slightly 
different molecular rotations; this difference practically disappears 
in dilute alcoholic solutions, but becomes more marked in chloroform 
solutions. 

Alcoholic Scl^^ Ur Salt , — ^ An air-dried sample containing 7*06 

of water was used in these experiments; the solvent was^ 
'.cent, ethyl alcohol, volume of the solution 25 c*c., and 
200 mm. 
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Calc, for anhydrous salt. 

1 gram +4°12' +52*6° +56'6° +226 

1 „ 4°8' 51*7 55*6 222 

^-Salt , — This salt was ezamined under exactly the same conditions, 
but three different samples were used, and one of them (1) had been 
dried at 100° ; the other two (2 and 3) were air-dried samples of the 
crystalline variety A, and were taken as containing 3*7 per cent, of 
water. 


Calc, for anhydrous salt. 






[«].. 

' [«]». 

[MW 

(1) 

0*5190 

gram 

+ 2'>13'*5 

+ 53*6° 

+ 53*6° 

+ 214 

(2) 

0*6 


2°8' 

63*4 

55*4 

221 

( 3 ) 

1*0 


4°H'' 

62*6 

64*5 

218 


It is possible that prolonged heating at 100° may effect the specific 
rotation of the ^-chloro-salt, just as it seems to do in the case of the 
^-bromo-salt, and, neglecting the result of experiment (1), the specific 
and molecular rotations of the isomeric chloro-salts become practically 
identical. 

Chloroform Solution, — Air-dried samples were used in both cases ; 
the volume of the chloroform solution was 25 c.c., and a 200 mm. 
tube was used. 

a-Salt: 0*5 gram ub +1°16' [ajo +31*3° 

/3.Salt : 0*5 „ +1°42' [ajp +42*5° 

As the variety (A) of the jS-salt was used, it may be taken as con- 
taining 3*7 per cent, of water; the a-salt contained 7*05 per cent. 
The values for the anhydrous substances would therefore be the 
following : 

a-Salt: [a]B +33*6° [M]b+134 

/8-Salt: Wo +44*1° [M]o +176 


MoUouAm RotcMm qf Ghkroo<Mipkorml^^im^ Aoid, 

Before comparing the molecular rotations of the isomeric salts of 
chlorocamphorsulphoDoic acid with those of the x5orresponding deriva- 
tives of the bromo-aoid, it was necessary to determine the molecular 
rotation of the first-named acid. 

The only data available for this purpose were those obtained some 
time ago by Kipping and Pope, who determined the specific rotations 
of the sodium and barium salts of chlOrocamphorsulphonic, acid in 
aqueous solution (Trans., 1893, 63, 601). The values then obtained 
were [aju + 63*8° in the case of the sodium salt and [a]i> + 46 *8° in that 
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of the barium salt, from which the molecular rotation [M]d is 
calculated to be +184 and +177 respectively. 

[For the purpose of obtaining further information on this point, 
ammonium chlorocamphorsulphonate was prepared 3 this salt, judging 
by analogy, should give in 1 — 2 per cent, aqueous solution values for 
the molecular rotation of the acid which could be satisfactorily com- 
pared with those obtained in the case of the isomeric hydrindamine 
salts and also with those of the hydrindamine bromocamphor- 
sulphonates. 

Samples of this ammonium salt, dried at lOO*^, were examined 
optically in aqueous solution in a 200 mm. tube. 


Weight of bait. 

Yolume of solution. 


[«]„. 

[M],,. 

0*25 gram. 

25 c.o. 

+ P19-5' 

+ 66-25° 

+ 187 

0*25 „ 

JS 

l°18-5' 

65-6 

185 

0-6 „ 

'J 

2 ° 41 ' 

67-0 

190 


The mean of these concordant results gives a molecular rotation 
[M]d + 187, a value which agrees well with those obtained in the case 
of the sodium and barium salts, but which is a little higher than both 
of these, just as the molecular rotation of the bromo-acid, deduced 
from an examination of its ammonium salt, is a trifle higher than the 
value obtained by Walden (compare p. 886 ). 

On now comparing the molecular rotations of the isomeric hydrin- 
damine salts of chlorocamphorsulphonic acid with the value just 
obtained, it will be seen that the a-salt shows the normal behaviour, 
whilst the molecular rotation of the ^-salt is a little too high. 

a-Salt: [M]d +188. Acid : [M]o + 187. ^-Salt ; [M]p +202. 

The difEerence in the case of the latter, however, is almost insignifi- 
cant, and the only reason why attention is drawn to it is because in 
the case of the hydrindamine bromocamphorsulphonates, the con- 
ditions are reversed, the yS-salt having a molecular rotation below the 
normal value (compare p. 885). 

Considering the results of the optical examination as a whole, the 
behaviour of the hydrindamine chlorocamphorsulphonates is obviously 
analogous to that of the isomeric salts of the bromo-acid, and the 
results also show that the two chloro-salts are both partially racemic 
substances ; any possibility of a resolution of the externally com- 
pensated base having occurred in the case of the salts of the bromo- 
acid is thus excluded, as there can be no doubt that the isomerism 
of the chloro-salts is due to the same cause as that of the a- and 
^bromo-salts. 
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V . — Hydnndamine obB-ir-Camphanates. 

In order, if possible, to obtain further examples of isomeric 
partially racemic salts, the investigation of j, which might help to 
explain the existence of the isomeric hydrindamine bromo- and chloro- 
camphorsulphonates, it seemed desirable in the first place to try and 
prepare such isomerides from the same base as before, namely, 
externally compensated hydrindamine, but using an acid altogether 
different from those already employed. 

Now optically active monobasic acids which give stable, well- 
crystallised salts, with the exception of the sulphonic acids of 
camphor and its derivatives, are not easily obtainable, but among the 
new derivatives of camphor recently ^investigated there occurred an 
acid which seemed suitable for the purpose in view, namely, 
camphanic acid (Trans., 1896, 69, 943). 

cw-TT-Camphanic acid, as previously shown, is a lactonic mono- 
carboxylic acid of the composition O1QHJ4O4; as it is practically 
insoluble in cold water and only sparingly soluble in most ordinary 
organic solvents, it seemed probable that it might give, with extern- 
ally compensated hydrindamine, salts which would crystallise readily, 
and which might possibly exist in isomeric forms. Experiment 
showed this supposition to be well founded, and the properties of two 
isomeric hydrindamine oig-7r-camphanates are described in this section 
of the paper. 

Before passing to the consideration of these salts, it may be stated 
that the acid is a well-defined substance which shows very great 
stability in many ways, and the lactonic ring contained in it is not readily 
hydrolysed by sodium hydroxide solution at ordinary temperatures j 
it is, at the same time, a comparatively feeble acid, and some of its 
salts, as, for example, its quinoline and ammonium salts {he, ait), 
undergo hydrolytic dissociation very readily in aqueous solution. 

The study of the isomeric hydrindamine m-7r-camphanates, has 
shown that these two compounds are both partially racemic salfs^ and 
their formation may therefore be explained in the same way as that 
of the isomeric hydrindamine bromooamphorsulphonates (p. 868) and 
chlorocamphorsulphonates, namely, by assuming that the negative 
acid ion becomes united to nitrogen valencies, which being those of a 
nitrogen atom contained in an enantiomorphous compound, are* 
necessarily differently situated. 

In accordance with this view, the more readily soluble salt can be 
partially converted into the isomeride by repeated evaporation with 
an aqueous solution of the externally, compensated base. 

The isomeric hydrindamine cis-7r-camphanates differ, however, from 
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the salts of the snlphonic acids in undergoing hydrolytic dissociation 
to some extent in aqueous and in aqueous alcoholic solutions, and this 
difference in behaviour has the important consequence that the salts 
are partially converted one into the other on solution in these solvents ; 
this, for the reasons already given (p. 869), was to be expected. 

Owing to the fact that c^-^r-camphanic acid is practically insoluble in 
cold water, it was easy to prove that its isomeric salts do not repre- 
sent salts of enantiomorphous hydrindamines (p. 909) ; the question 
of the possible autoracemisation of the optically active base being 
considered as an explanation of the formation of the various isomeric 
salts described in these papers is therefore definitely answered in the 
negative. 

Freparation of the Salts. 

m-TT-Camphanic acid is dissolved in methyl alcohol and an aqueous 
or alcoholic solution of hydrindamine is added until a permanent 
alkaline reaction is obtained ; on evaporating the solution to a small 
volume and then adding methyl alcohol, and allowing to cool, the salt 
is deposited in colourless needles, and by repeated fractional crystal- 
lisation at different temperatures, preferably from ethyl alcohol, the 
product is separated into two components. 


a-Salt. 

The more sparingly soluble salt, hereafter referred to as the 
a-eompound, melts almost sharply at about 193°, when it is heated 
fairly quickly from about 100°, but as it slowly decomposes and turns 
brown even at comparatively low temperatures, its melting point 
depends to some extent on the rate of heating. It crystallises from 
ethyl alcohol and other solvents in slender, concentrically grouped 
prisms or needles, which are deeply striated, and appear to consist of 
bundles of smaller crystals, and it dissolves fairly easily in boiling 
alcohol and water, but is only sparingly soluble in cold ethyl acetate, 
ether, or boiling chloroform. When crystallised from methyl alcohol 
containing acetone, it soon darkens in colour, and after some time a 
considerable quantity of tarry matter is formed. 

jSSalt. , 

The more readily soluble salt, which will be referred to as the 
; ^sait, melts and decomposes slightly at about 173°, but here again 
^Ji^meltmg point depends to some extent on the rate of heating j in 
/^^^earance, and in all other ordinary properties, the j8-salt resembles 
^ ti^^^cmpound very closely, but its crystals are usually smaller anji 
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The relative quantities of the two salts obtained after repeated 
fractional crystallisation were determined in one experiment and 
found to be 1*8 grams of the pure a-salt and 3'1 grams of the ^-com- 
pound, together with about 2*0 grams of a mixture of the two melting 
at about 168° In spite of the difference in melting point of the two 
salts, it is, however, a very difficult matter — if not impossible — to 
make sure that the )3-compound is free from the a-salt, as its melting 
point is not very much altered by the presence of a small quantity of 
the latter, and a mixture of approximately equal quantities of the 
two salts only sinters at about 165°, melting almost completely at 
about -170° For this reason, the fraction melting at about 168°, 
referred to above, must not be considered to represent /3-salt j it is 
more probably a mixture of approximately equal quantities of the 
two components. 

It will be seen from these numbers that the quantities of the a- 
and j8-salts are probably much more nearly equal than in the case of 
the a- and )$-salts of hydrijadamine bromocamphorsulphonic acid, and 
that whereas in the latter case the relative quantity of the /3-salt is 
very small, the ^-ctW-camphanate is probably formed in rather larger 
quantities than the a-salt. 


The Salts are Isomeric, 

Since c^a-7^-camphanic acid is a lactonic monocarboxylic acid, which 
when boiled with a solution of sodium hydroxide is converted into a 
salt of a hydroxy dicarboxy lie acid (Kipping, Trans., 1896, 69, 945), 
little interest could be attached to these two salts until it had been 
proved that they are isomeric, for the one might have been derived 
from the lactonic monocarboxylic. acid, the other from the hydroxy- 
dicarboxylic acid. 

Now the percentage composition of the normal salt of a cis-7r-cam 
phanio acid differs but little from that of the normal salt of the 
hydroxydicarboxylic acid, as will be seen from the following numbers : 

CjqH 3 ^^ 04 , 09 HiiN requires 0 — 68*8 ; H » 7*5 } N = 4*2 per cent. 

OioHie 05 , 209 HiiN „ 0«=69'8; H^7-6; N=-6*9 „ 

The results of combustions would not, therefore, decide satisfactorily 
between the two possible formulae, and nitrogen determinations would 
probably have given results intermediate between the two values 4*2 
and 6*9. 

Under these circumstances, the following methods were adopted to 
establish the isomerism of the two compounds : 

Firstly, both salts were separately dissolved in methyl alcohol, the 
solutions rendered distinctly alkaline with hydrindamine, and then 
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heated on the water-bath in closed vessels during about 3 hours; 
at the end of this time, both solutions, which were still alkaline, were 
allowed to evaporate spontaneously. The deposits melted at 173° and 
193° respectively, showing that the two salts had not been appreciably 
changed by this treatment; had one of them been derived from a 
mono-, the other from a di-carboxylic acid, the former should have been 
converted into the latter under the conditions of the experiment, and 
the solution should have become neutral. 

Both salts are anhydrous. After recrystallisation from methyl 
alcohol and ether, finely divided samples were dried in the air during 
2 days and then heated at 100° during 1 hour ; the a-salt lost 
only 0*8 per cent., the j3-salt 1*8 per cent., the percentage of water 
required for + |■H20 being 2*6 per cent. On further 

.heating at 100°, both salts continued to lose in weight very slowly, and 
after 24 hours heating, the total loss amounted to 4*2 per cent, in the 
case of the a- and 8*4 per cent, in the case of the /3-compound ; as, 
however, both compounds had turned brown, the )6-salt especially, 
and their weights had not become constant, it must be concluded 
that the loss on heating is due to decomposition and volatilisation of 
the base. 

For the further analysis of the two compounds, the samples were 
-dried over sulphuric acid. 

The determination of the percentage of hydrindamine in the two 
salts offered the best means of deciding between the two possible 
Mormulae, and this was done in two ways. 

In the first method, a weighed quantity of the salt was treated with 
excess of a solution of barium hydroxide in a current of steam, the 
»base collected in hydrochloric acid, the solution evaporated to dryness, 
ahd the residue of hydrindamine hydrochloride weighed ; the results 
were as follows : 

a-8alt. 0*4 gave 0*1924 CgHiihr,HCL OgHjiN-ST-r. 
j6-Salt. 0*4 „ 0*1984 C 9 HiiN,HCL 09 HhN = 39*1. 

requires = 40*2 per cent. 

= 51*3 ,, 

Control experiments were made with hydrindamine hydrochloride 
mnder exactly the same conditions, and the following results were 
-obtained : 

^ Y 0*2008 gave 0*1954 or 97 per cent, of the theoretical. 

0-1835 „■ S3, „ „ „ 

|^^||| second analytical method, a weighed quantity of the salt 

possiMe quantity of hot methyl alcohol, 
with a slight, excess of coiji^ntrated hydrobromic 
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acid, and then evaporated, first on a water-bath until nearly dry, and 
then over potash and sulphuric acid ; after about 2 days, the residues 
were nearly constant in weight, but a further loss of about '2 milli- 
grams occurred in the course of about a fortnight. 

a-Salt. 0-3 gave 0*3741 + 

^-Salt.'0*3 „ 0*3745 + 

Calculated for residue =0*3734. 

„ ,, C]^QHjgOg,20gH!2j^l7 „ =0*4305. 

These results, especially those obtained by the last method, which is 
the more satisfactory of the two, prove that the two salts are isomeric, 
and that they are both normal salts of the lactonic monocarboxylic 
acid ; it may also be stated that the acid which is liberated from the 
two salts on addition of hydrobromic acid is unchanged cis-w-camphanic 
acid, easily recognisable by its highly characteristic crystalline form. 

Both the a- and 13-Salts give Optically Inactive Base. 

The next point to decide was whether the externally compensated 
base had been resolved into its enantiomorphous components by 
fractional crystallisation of the salts which it forms with cis-Tr-camphanic 
acid. For this purpose, a small quantity (0*4 gram) of the a-salt was 
decomposed with aqueous barium hydroxide, the base separated by 
steam distillation and collected in hydrochloric acid ; the solution of 
the hydrochloride was concentrated to about 15 c.c. and then ex- 
amined in a 200 mm. tube, but no rotation could be observed; a 
repetition of the experiment, using a larger quantity of the salt, gave 
the same result. 

I^is obvious, then, that the externally compensated base has not 
been resolved into its optically active components, and consequently it 
seems very probable that the isomerism of these two salts is due to the 
s«yaae cause as that which holds in the case of the a- and j8-salts of 
the bromo- and ehloro-camphorsulphonio acids* 

For this reason, it seemed quite unnecessary to repeat all the experi- 
ments which were made in the case of the bromo-salts in order to 
prove that the isomerides contain one and the same base. 

Conversion qf the p- into the a-Salt. 

The conversion of the into the more sparingly soluble a-isomeride 
can be accomplished by evaporating its aqueous or alcoholic solution 
with a small quantity of hydrindamine ; the change, however, does 
not take place very readily, possibly because the quantity of the /^-salt 
in equilibrium with the a-isomeride. is larger than in the case of the 
bromocamphorsulphonic salts ; after one or two evaporations, the 
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product melts over a wide range of temperature, and is doubtless a 
mixture of the two isomerides, but on repeated treatment, its melting 
point rises, becomes more definite, and finally reaches that of the a-salt. 

Hydrolytic Hissodation of the Tmo Salts, 

The a- and jS-salts of c^fi-^-campbanic acid differ from the hydrind- 
amine bromo- and chloro-camphorsulphonates in undergoing hydrolytic 
dissociation in aqueous and alcoholic solutions ; on boiling a solution 
of either salt in dilute methyl alcohol j hydrindamine is slowly 
evolved, a litmus paper suspended in the vapour very slowly turns 
blue, and the solution acquires an acid reaction. 

Hydrolytic dissociation takes place to such a limited extent, how- 
ever, that, judging by their melting points, the salts are not appreciably 
altered by crystallisation from methyl or ethyl alcohol; even when 
their solutions in a large volume of these solvents have been heated 
for some time and then evaporated almost to dryness, the crystalline 
deposits, after having been merely spread on porous earthenware, have 
the melting points of the original preparations. This statement does 
not imply that the salts are unchanged ; it is, as already mentioned, a 
matter of considerable dij95.culty to prove that the ^-salt is really free 
from its isomeride. 

In discussing the nature of these isomeric salts, it was pointed out 
that, according to the explanation suggested, hydrolytic dissociation 
should bring about the partial conversion of one isomeride into the 
other ; experiments were therefore made in order to ascertain whether 
this could be done in the case of these ci^B'-camphanates, which are 
doubtless hydrolytically dissociated to some extent. 

S’or this purp(^e, an aqueous solution of the /8-salt was 9&ed 
during several hours On the water-bath, then evaporated to dryness, 
and the residue recrystallised from a small quantity of alcohol ; the 
deposit sintered at about 165°, and did not melt completely until about 
175°; on repeating the above treatment, the deposit melted through 
approximately the same range of temperature ; there is thus pre- 
sumptive evidence that a partial conversion of the /8- into the a-salt 
had occurred. Since, under the above conditions, some hydrindamine 
is lost during evaporation, the indefinite melting point of the product 
might ^ssibly have been due to the presence of cis-^-camphanic acid, 
and, as a matter of fact, on repeatedly evaporating such a solution of 
,^vfj8-salt, and then crystallising from alcohol, the first deposit 
almost entirely of crystals of this acid. 

to and eiiminate this source of inaccuracy, the experi- 
carried out differently, A small quantity of the /3-salt 
hot water, the solution placed in a olosM vessel and 
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left at the ordinary temperature during several days; the solution 
was then allowed to evaporate to dryness spontaneously. The deposit 
thus obtained was evidently a mixture of the a- and y^-salts, as it 
melted from about 165 — 180° 

The a-salt, treated with water in an exactly similar manner, seems 
to be partially converted into the jS-salt, as the deposit thus obtained 
melts from about 185 — 190° ; the change, however, seems to be only 
a very partial one, probably because the j8-salt which is produced 
is gradually reconverted into the a-isomeride during the slow crystal- 
lisation. 


Tht Enantiomorphous Hydrindamines lime not been sepa/rated. 

The determinations of the specific rotations of the isomeric hydrind- 
amine bromocamphorsulphonates and chlorocamphorsulphonatesj and 
the fact that the a- and yS-isomerides do not change one into the other 
on solution in a large volume of water, prove that, if these isomerides 
are really the salts of enantiomorphous hydrindamines, the optically 
active base does not undergo autoracemisation when its salts are 
electrolytically dissociated. Now the salts of cie"ir-camphanic acid 
probably do undergo a partial change one into the other in aqueous 
solution, as just stated, but this is doubtless the result of hydrolytic 
dissociation only. Since, then, it may be taken as proved that the 
base ions do not racemise, if the base of the a- or jS-salt of any one of 
the three acids can be transferred to an optically inactive acid without 
being at any time set free from combination, an examination of the 
new salt would show whether the base was or was not optically 
active, and thus the question of the possibility of the salts being those 
of enantiomorphously related bases would be definitely settled. 

In the case of the salts of the sulphonic acids, it was not very easy 
to carry out such an experiment satisfactorily, as the acids are both 
very readily soluble in water, and could not well be separated from 
the new salt; but ceW-camphanic acid being practically insoluble, 
its isomeric salts were very suitable for the purpose in view, and 
were therefore examined as follows. 

A quantity (2 grams) of the ^-salt, in a finely divided condition, 
was triturated with excess of concentrated hydrochloric acid, and after 
keeping for a few minutes the liberated cia-'n'-camphanic acid was 
separated by filtration from the solution of hydrindamine hydrochlor- 
ide ; the residue was washed with a little ice-cold water, and the 
combined filtrate and washings, having been made up to about 15 o.c., 
were examined in a 200 mm. tube. The average of eight concordant 
readings gave a - 0°6', 

This feeble Itevorotation was certainly due to the presence of a small 
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quantity of c«W-camphanic acid, which is not absolutely insoluble in 
cold water, and which has a specific rotation of about — 24® in dilute 
aqueous solution. 

The contents of the tube and washings were then evaporated to 
dryness, the residual hydrindamine hydrochloride dissolved, in cold 
water, and the solution filtered from a very small deposit of 
camphanic acid. On then diluting to about 15 c.c., and again ex- 
amining the solution in a 200 mm. tube, it gave a ~ 0®2^ and the 
same rotation, within the limits of experimental error, was shown by 
a cold saturated aqueous solution of cw-7r-eamphanic acid. 

; It is thus proved that the base of the /3-salt is optically inactive, 
and a similar experiment with a small quantity of the a-salt gave the 
same result ; as the base was at no time in the free state during the 
conversion of these salts into the hydrochloride, and as the base does : 
not undergo autoracemisation in a state of combination, it is thus 
proved that the a- and jS-salts of m-7rcamphanic acid both contain 
equal quantities of d- and ^-hydrindamines. 


VL — Specific and Molecular Rotations of the Hydrind- 
. amine cis-7r-Camphanates. 

Of the results obtained in the study of the isomeric salts which 
have now been described, not the least interesting and, at the same 
time, the most difficult to explain satisfactorily, are those which have 
accrued during the optical examination of the isomeric hydrindamine 
cis-TT-camphanates. 

From the numerous observations which have been made, and which 
are recorded in this section, it would seem that different prepara- 
tions of the all of which have the same, and a fairly sharp, 

melting point, have totally different specific rotations in methyl 
alcoholic solution, the values ranging from [a]© —8° to -h20®; 
different samples of the jS-salt also gave values ranging from 
[a]i> -10® to -20®, although the samples melted at the same tem- 
perature. 

Now, in the case of the ^-salt, this comparatively small variation in 
specific rotation might possibly be due to the presence of small quan- 
tities of the a-isomeride, but in the case of the latter, where the 
difference in the specific rotation of different preparations is most 
marked, no such explanation is possible, as the quantity of j8-salt 
which would be required to produce the observed result would he so 
.^large that its presence could not fail to be detected by ordinary 

remarkable fact brought to light is that- the a-salt shows 
in methyl alcoholic solution in a very marked manner, 
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whilst in the case of the /3-isomeride a corresponding change has not 
been detected with certainty. 

This difference in behaviour between two salts, otherwise so similar, 
recalls another instance already recorded, namely, the existence of 
two differently hydrated forms of the ^-salt of hydrindamine chloro- 
camphorsulphonate and of only one form of the corresponding com- 
pound of the bromo-acid. 

The discussion of these results is best postponed until the 
experimental data have been given, but it may be stated here that in 
dilute aqueous solution, the molecular rotations of the isomeric 
hydrindamine cis-ir-camphanates appear to be normal on the assump- 
tion that the salts are both partially racemic substances. 

SpeciHc Rotatim of the 

The determination of the specific rotation of the a-salt was found 
to be a matter of considerable difficulty, and a large number of experi- 
ments had to be made. 

The sample which was first examined had been heated at 100° for 
some time, and as slight decomposition had occurred, the result may 
not be very trustworthy; the solvent was 99*8 per cent, methyl 
alcohol, the volume of the solution 25 c.c., and the column of liquid 
200 mm. 

Exp. I. 0*2991 gram, a +43'*3 [a]^ +30° 

For the next determination, a different sample, obtained by crystal- 
lisation from ethereal alcohol, was used ; this preparation was dried over 
sulphuric acid, the solvent and other conditions remaining the same. 

Exp. II. 0*3 gram, a + 18', +12*5°, 

This result differed so widely from the preceding one that a third 
specimen of the a-salt was prepared; the sample, which melted 
sharply at 193° was dried at 100° during a few minutes only, and 
examined under the same conditions as before. 

Exp. ni. 0*3 gram, a *~3'. [a]i> —2° 

Here again, an entirely different value was obtained, although the 
three preparations used in these three experiments had all exactly 
the same melting point, and seemed in other respects to con sist of 
pure a-salt. 

Kow, it has already been pointed out that the a-salt is partially 
transformed into the ^-isomeride on solution in water, owing to the 
occurrence of hydrolytic dissociation (p. 908), but so far as can be 
ascertained, the change is comparatively limited, even when the solution 
has been kept during several days; consequently, it seemed very improb- 



912 KIPPJNQ : ISOMERIC PARTIALLY RACEMIC SALTS 

able tbat naere solution in methyl alcohol would bring about a similar 
transformation to such an extent as to appreciably alter the specific 
rotation, especially as it had been proved that alcoholic solutions of 
the a-salt might be heated and evaporated without the melting point 
of the salt being’^obviously changed. 

However, in order to ascertain whether prolonged treatment with 
such alcoholic solvents produced any change in the specific rotation, 
the whole of the solution used in Exp. Ill, together with the wash- 
ings of the tube, &C., was evaporated nearly to dryness, again diluted 
to 25 ac. with 99*8 per cent, methyl alcohol, and examined as before 
in a 200 mm. tube. 


Exp. lY. 0*3 gram, a ±0. 


This result bears out the view that the a-salfc undergoes no appre- 
ciable change into the (laevorotatory) ^-salt when it is dissolved in 
and heated with methyl alcohol. 

The experimental error in dealing with such feebly active solutions 
is of course so large that little weight can be attached to the actual 
numerical results of Exps. Ill and IV, but it is obvious that if any 
change in specific rotation occurs it is a very small one. 

As it appeared from the first three determinations that samples of 
the a-salt of identical melting point may have a specific rotation 
ranging over very wide limits, a second series of experiments was 
made. 

A fresh sample of the a-salt was prepared, dried over sulphuric 
acid, and examined in a 200 mm. tube in 99 '8 per cent, methyl alco- 
holic solution ; volume » 25 c.c. 

Exp. V. 0-6 gram, a 5'i [a]j> +1*7®. 

A portion of this sample was then fractionally crystallised from 
methyl alcohol ^ it was thus separated into three fractions and a 
mother liquor, which, however, did not contain a large quantity of 
the salt. 

The whole of each of the three fractions was then separately 
dissolved in 99'8 per cent, methyl alcohol and examined in a 200 mm. 
tube ; volume of solution = 25 c.c. in each case. The results were as 
follows : 






a. 

[«]d. 

Exp. 

■VX 

1st fraction 0*3170 

gram 

28' 

+ 18-5° 

. 

TIL 

2nd „ 0*4510 

ij* 

+ 12' 

+ 6-6° 


vm. 

Srd „ 0*3875 


+ 23' 

+ 12-3° 


three 

fractions and the 

parent 

substance (Exp. V) all 


l|^iarply and simultaneously at about 193®, and yet there is 
difference in their specific rotations; moreover, the 
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specific rotation of all three fractions is very much higher than 
that of the parent substance. 

In the course of these experiments, there seemed to be indica- 
tions of the occurrence of mutarotation, the first readings some- 
times showing a smaller dextrorotation than the later ones ; for 
this reason, the observations in Exps. YI to VIII were not taken 
until some time after the solutions had been prepared, but in the 
case of ‘Exps. I and V no particular attention was paid to this matter 
as mutarotation had not been suspected, 

Mutarotation of the a- Salt, 

In order to study this supposed mutarotation and, if possible, to 
obtain some fairly concordant values for the specific rotation of 
the a-salt, a considerable quantity of a fresh sample was obtained 
by repeated crystallisation from methyl alcohol; this sample was 
then separated by further crystallisation from methyl alcohol into 
three fractions, a very small quantity only being left in the mother 
liquor. All the crystallisations were carried out as quickly as pos- 
sible, the first and second deposits being obtained by merely cooling 
the alcoholic solution, and the third by cooling after rapidly boiling 
off some of the solvent. 

The three fractions and the parent substance all melted sharply 
and simultaneously at 193°, and the residue from the motW 
liquor sintered only a few degrees lower, namely, at about 188°. 

The samples were dried for a few minutes at 100°, and then over 
sulphuric acid. 

For the determination of the specific rotation, 99'8 per cent, methyl 
alcohol was again employed, the volume being 25 c.c. and the column 
of liquid 200 mm. 




a. 

Wd. 

Exp. IX, 

Fraction I. 0’3 gram. 1 

+ 2 r-o 

36'-5 

+ 18-7® 
25-4 

X. 

„ 11. 0-3 ,> to 

0-3 „ }/) 

ir-7 ) 

29'-7 / 

12-3 ) 
20-6 r 


Sl'-7 

22-1 

» XL 

„ in. 0'3. „ lyj 

15'‘8 ■ 
36'-0 

n -0 

26-0 


The mean of the first 6 — 8 readings, taken as soon as possible after 
dissolving the salt, gives the value for what may be considered to be 
approximately the initial specific rotation. These values are given 
first, under (i), but as the rotation increases in the course of a few 
minutes, it is not possible to determine them very accurately. After 
about an hour’s time, or less, the rotation apparently becomes 
VOL. LXXVII. 3 R 
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•constant, and the average of the readings then taken gives the final 
value (/), 

It is obvious from these results that the a-salt shows mutarotation 
in methyl alcoholic solution in a very marked manner, the initial 
value for the specific rotation being less than half the final value in 
Exp. XL The agreement between the final results obtained with the 
three different fractions, considering the large experimental error, is 
also fairly satisfactory, and might be taken as an indication that the 
a-salt is a stable and homogeneous substance. 

In order to check these results and study more closely this 
change in specific rotation, the following experiments were next 
made. 

A sample of a-salt which, judging by its melting point, was free 
from its isomeride, was crystallised three times from hot ethyl alcohol ; 
the most sparingly soluble portion and two successive deposits from 
the mother liquors all seemed to be pure a-salt. 

The most sparingly soluble portion was then examined in 99*8 per 
cent, methyl alcoholic solution in a 200 mm. tube, 0*3 gram of the salt 
being used, and the volume of the solution 25 c.c- 

Exp. XII. — ^The average of the first seven readings, which ranged 
from a +3' to + IT, and which rose almost continuously, gave 

a [a^ + 4*8® 

This is a much lower result than any of the initial values given 
before, perhaps owing to the fact that the salt was . very finely 
divided and dissolved very quickly, so that all the readings were 
taken within less than 5 minutes after pouring the alcohol on 
to the salt. 

The average of six readings taken about 16 minutes later gave 

a +25' [a]i> +17*3^ 

Thirty minutes later still, that is to say, about 50 minutes after solu- 
tion commenced, the average of six readings gave 

a +34' [a]i> +23*6° 

The solution was then left in the polarimeter tube overnight and 
examined the next morning, when the average reading was 

a +30' [a]B +20*8^ 

After a further lapse of 24 hours, the average reading was again 

a +30' [a]i> +20*8° 

[a]© + 23*6° compares well with the results obtained in 
XI, and the difference between it and the last result, 
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[aji) +20*8°, is practically within the limits of experimental error, as 
changes of temperature no doubt occurred. 

A consideration of the results recorded in Exps. I to XII would, 
perhaps, lead to the conclusion that, in spite of the statement on 
p. 913, the observations in Exps. YI to YIII had been taken before 
mutarotation had ceased. Such a view would, of course, explain in a 
great measure the differences in the observed values for the specific 
rotation of the a-salt. Fortunately, an opportunity occurred to set all 
such doubts at rest, as will be seen from the results of the following 
experiments. 

A sample of the a-salt, prepared directly from the acid by evapor- 
ating the latter with an aqueous solution of externally compensated 
base, and then fractionally crystallising from ethyl alcohol, was 
finally obtained in a very fine state of division and was dried over 
sulphuric acid ; this sample melted almost sharply at about 193°, and 
showed no sign of sintering even at 190°. 

Exp. XIII. 0*4 gram of this sample was then dissolved in 99*8 per 
cent, methyl alcohol, the solution diluted to 25 c.c. and examined in a 
200 mm. tube. 

The average of the first seven readings taken in less than 5 minutes 
after first adding the solvent was 

a -15' [a]i> -7*8° 

The solution was left in the tube and examined 15 minutes, 30 
minutes, and 15 hours later, but no appreciable change in rotation was 
observed, the greatest difference between the average readings taken 
at the four different times being only about 4', when at the end of 15 
hours the specific rotation had apparently become [a]i> —5*7°. This 
difference is so small that it may be neglected. 

The melting point of the original sample was again taken, and also 
that of the deposit obtained on evaporating practically to dryness the 
soiutioh of the salt used in this experiment ; the two specimens melted 
sharply and simultaneously at about 193°, and the deposit from the 
methyl alcoholic solution appeared to be a pure homogeneous com- 
pound. ' ■' ' ’ ■ ■' ■ 

It is thus proved conclusively that different samples of the a-sait, 
all melting at the same temperature and apparently pure, may have a 
specific rotation [a]© ranging from about —8° to +25°, and that these 
widely different values are obtained even when sufficient time has 
been allowed for the ordinary mutarotation of the salt to have taken 
place. 

Now it has been observed by Lowry, by who33i the term mutarota- 
tion was first employed in connection with such changes (Trans., 1899, 
75, 211), that chloroform solutions of nitrocamphor which ordinarily 

3 R 2 
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exhibit the phenomenon of mutarotation, sometimes fail to do so 
spontaneously and remain unchanged during several days ; but that 
when such labile solutions are disturbed or warmed, mutarotation sets 
in and takes its normal course. 

In order to ascertain whether anything of this kind occurred in the 
case of the a-salt, the methyl alcoholic solution of the salt used in 
Exp. XIII was kept for some days, then heated for some time on the 
water-bath and after cooling, diluted to its original volume ; on ex- 
amination, it was found to show the same rotation as before, namely, 

Wb -r. 

It may be concluded from this result that the diferent values 
obtained for the specific rotation of the a-salt cannot be attributed to 
the non-occurrence or only partial occurrence of mutarotation; the 
question arises then what other explanation can be advanced ? 

A satisfactory answer to this question, and to another, namely, 
what is the cause of the mutarotation of the a-salt, cannot be given ; 
the second point, however, will be considered later on, when the 
results of the examination of the y3-salt have been described. 


Specific Rotation of the fi-Salt 


The first samples of the j8-salt of hydrindamine and ci5-7r-camphanic 
acid which were examined optically, did not give very concordant 
results, but the values for the specific rotation which were obtained with 
different preparations were not so widely different as in the case of 
those of the a-salt. 

The samples used in these experiments were e.11 dried over sulphuric 
acid, but sometimes they were previously heated for a few minutes on 
a water-oven ih order ^ expel adherent alcohol or ether. The 
determinations w^re all inade with a 200 mm. tube, and in the. follow- 
ing experiments the given weight of substance was dissolved in 
99*8 per cent, methyl alcohol, the solution being diluted to 25 c.c. 

Exp. XIY. 0*2970 gram a -15' [a]i> - 10-3‘=‘ 

Exp. XV. 0*3 „ a -13' [a]o -9*0° 

Exp.XYI. 0-6 „ a -30*5' [a]i> - 10*6° 


The following determinations were made in ethyl alcohol (98 per 
cent.) solution, all other conditions remaining unchanged : 

Exp. XVIL 0*3 gram a -9' [a]© —6*2° 

Exp. XVm. 0*3 „ a -14' [a]i> -9*7° 

All the samples used above melted almost sharply at about 173°, 
■ were aU different preparations, the last two results being 
successive fractions from one series of crystallisations, 
ental error in all these determinations is rather 
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large owing to the very feeble rotation, the above results might have 
been taken to be sufficiently concordant ; but in the light of the 
experience gained in studying the a-salt, it seemed possible that the 
values actually obtained might not represent the true specific rotation 
of the ^-salt. 

In order, therefore, to further test the value of the above results, 
a considerable quantity of a fresh sample of the jfi-salt was prepared ; 
this sample, judged by its melting point, was free from the isomeride, 
and had the specific rotation [aju — 15*2° when examined in methyl 
alcohol in a 200 mm, tube ; volume of solution, 25 c.c. 

Exp. XIX, 0*3 gram. a -22'. [ajo -15*2°. 

This sample was then fractionally crystallised from methyl alcohol 
in such a way that a small quantity (about 15 per cent, of the whole) 
of the most sparingly soluble portion was separated; the remainder 
was obtained in two fractions, which were separately examined in 
methyl alcoholic solution in a 200 mm, tube; volume of solution, 
25 C.C. 


Exp. XX. Fraction I. 0*242 gram a -13' [ajp -11*2° 

Exp. XXI. „ IL 0*3 „ a -23' [a]D-16*0° 

In these experiments, not only was the specific rotation of the 
original sample found to be considerably higher than that of any 
previous preparation, but there were also indications that the sample 
had been resolved into dissimilar parts on fractional crystallisation. 
The next attempt to obtain a constant value for the specific rota- 
tion of the j8-salt was made in the following manner. A sample, 
melting at 173°, which had been very carefully prepared, was dissolved 
in hot ethyl alcohol ; by merely cooling the solution, separating con- 
secutive deposits, and then precipitating with ether as completely as 
possible, this sample was separated into 'three fractions, which are 
numbered in the order in which they were obtained. Their specific 
rotations were then determined in methyl alcoholic solution in a 200 mm, 
tube, the volume of the solution being 25 c.c. ' 


Exp. XXIL 

Exp, xxiir. 
Exp. XXIY. 


Fraction I. 

\ 0-6 „ 
„ !!• 0’3 » 

„ HI. 0*3 „ 


a -20' [a]i> -13*8° 

a -44 Wd -16*2° 
a -30' [u]i> -20*8° 
a -29' [a]^ -20*0° 


In spite of the considerable difference between their specific rota- 
tions, the fractions I and II melted simultaneously at 173°, and the 


presence of a-salt in the former could not be detected; the sample of 
salt recovered on evaporating the methyl alcoholic solutions which 


were used for these determinations also melted at the same tempera- 


ture as before, and simultaneously with the original preparation. 
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As this method of rapid crystallisation had given two consecutive 
fractions having the same specific rotation, and also a value which 
was considerably higher than that of any previous preparation, it 
seemed that a repetition of this process was all that was necessary in 
order to finally determine the specific rotation of the ^-salb. 

Accordingly, a fresh sample of carefully recrystallised j8-salt was 
prepared; it melted sharply at 173°, and had the specific rotation 
[a]0 -13*3 (see below, Exp. XXY). It was dissolved in hot ethyl 
alcohol, and then by cooling, and finally by adding ether to the solu- 
tion, the sample was separated into three successive fractions, which 
are numbered in the order in which they were deposited. The specific 
rotation of the original sample and of the three fractions was then 
determined in ethyl alcoholic solution in a 200 mm. tube, the volume 
of the liquid being 25 c.c. in all cases : 


Exp. XXV. Original sample. 

0*3 

gram 

a -19' 

[ajo 

r- 13-3® 

Fraction I. 

0-3 

if 

a -15' 

[a]o ■ 

- 10-4'» 

» II. 

0-3 

j) 

a -15' 

[ajn • 

O 

O 

1 

» III. 

0-3 


a -15' 

[a]n ■ 

- 10-4“ 


These results differ entirely from those obtained in the last series 
of fractional crystallisations, and the most soluble portions have now 
the same specific rotation as the first deposit. All these, as well as 
all previous examples, had the same melting point, and yet the specific 
rotation ranges from about - 10° to > 20°. 

The following explanation of these results may be suggested< In 
the first place, it is not impossible that even when the ]8-salt shows its 
normal melting point, it may nevertheless contain a small proportion 
of the a-isoUieride. When a sample of the /S-salt melting at 173° is 
intimately ihixOd m an approximately egW quantity of the a-salt, 
there certainly results a m.ixtnre which has a very indefinite melting 
point, and which does not liquefy completely until about 180°, but it 
is quite possible that the samples supposed to be yS-salt already contain 
variable quantities of the a-isomeride, and that the melting point is 
not appreciably altered by a small change in the quantity of the 
latter ; as already stated, the melting point of the j8-salt is nojb very 
sharp, and although so many preparations have been found to melt at 
this constant temperature, it is not thereby proved that the adsomeride 
is altogether absent. 

The difficulty of obtaining samples of the ^-salt free from its 
isomeride may, in its turn, be due to conversion of a little of the 
former into the latter during crystallisation; although it is true that 
. |ample recovered on evaporating a dilute solution in ethyl or 
has the same melting- point as before, it does not 
follow that no change has occurred during this process ; 
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repeated evaporation with alcohol, as already stated, does bring about 
the conversion of the jS-salt into the a-isomeride to some extent, and 
this change takes place in a greater degree on evaporating an aqueous 
solution only once. 

In the case of the a-salt, similar explanations of the much greater 
difference in the specific rotations of different samples could not be 
considered as in any way probable, and it is possible, therefore, that 
the difficulty of obtaining a constant specific rotation may be due to 
the same cause in both cases. 

Mutarotation not shown hy the p-SalU 

Before passing on to describe the results of the optical examination 
of the a- and ^-salts in aqueous solution, attention may be drawn to 
one important difference in the behaviour of the two isomerides, 
namely, that the latter, unlike the former, does not show any definite 
sign of mutarotation. Although many solutions of the ^S-salt have 
been examined, observations taken as soon as possible after solution 
gave essentially the same results as those taken after the lapse of 
several hours or even days: only in one case, namely, in that of 
Exp. XXII, were even faint indications of mutarotation observable. 
The average of the first eight readings in the first determination 
made with this sample gave [a]i, -9*3°, whilst the average of ten 
readings taken about two hours afterwards gave [a]© - 13*8°; in the 
second determination, however, using the same sample and a solution 
containing twice as much salt, the average of the readings taken as 
quickly as possible, was the same as that of those taken the next day. 
As the difference in the one case just referred to is almost within the 
limits of experimental error, it must be concluded either that the /^-salt 
does not show mutarotation at all, or that the change takes place so 
quickly that it cannot be followed experimentally. Considering the 
close relationship between the two isomerides, it is difficult to say 
which alternative is to be preferred. 

The cause of the mutarotation in the case of the a-salt is nob ap- 
parent ; it is very improbable, in fact almost impossible, that it could 
be due to the hydrolysis of the lactone ring in alcoholic illation, for 
the following reasons The a-salt does not combine with another 
molecule of hydrindamine, even when it is heated with a solution con- 
taining excess of that base ; solutions of the acid itself do not show 
mutarotation in methyl alcoholic solution; solutions of ammonium 
c^S'TT-camphanate containing free ammonia do not show mutarotation, 
and this is also true of the piperidine salt in presence of free 
piperidine. 

It is also improbable that the change id rotation is due to the 
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hydration o£ the base in any way, because, if this were . so, the /3-salt 
should behave in a similar manner ; that is to say, the change should 
take place with approximately the same rapidity, and thus be capable 
of experimental verification. 

The phenomenon of mutarotation, however, being still obscure, even 
in the case of compounds of known constitution, it would not be justifi- 
able to conclude that because the j8*salt does not behave similarly to 
the a-salt in this respect, it must necessarily differ from the latter in 
constitution. 

RQt(hti<yi[k in Aqmom SolvM(^^ 

A-lthough it did not seem very probable that the hydrindamine salts 
of cis-'Tr-camphanic acid would be dissociated in dilute aqueous solution 
to a sujBdcient extent to give molecular rotations comparable with 
those of other salts of this acid, it seemed interesting to examine them 
optically under these conditions, partly for purposes of comparison, 
partly in order to try and follow polarimetrically the conversion of one 
into the other, which, for the reasons already stated, doubtless takes 
place. That this conversion would probably take place most rapidly 
in dilute aqueous solution is, perhaps, a proposition which admits of 
some discussion ; for when the salts are eleetrolytically dissociated, 
they are, according to the author’s views, no longer capable of being 
converted one into the other, and it would therefore depend on the 
amount of this dissociation, as well as on the extent of hydrolytic dis- 
sociation, whether the transformation of one isomeride into the other 
could take place at all, and, if so, the rate at which it would occur. 

The following experiments were made, in order to obtain information 
on these points. 

— h. sample of the a-salt, melting at the right temperature, 
was recrystaliised from alcohol and dried over sulphuric acid ; 0*25 
gram, dissolved in water, the solution diluted to 25 c.c. and examined 
in a 200 mm. tube, gave 

a -20' [a3i>-16*7° 

The wide differences shown by different preparations of the a-salt in 
methyl alcoholic solution made it necessary to confirm this result, and 
a second determination was therefore made with a specimen obtained 
by recrystallising the sample just used three times from ethyl alcohol ; 
0*25 gram was dissolved, the other conditions remaining the same. 

- -19' [ajo -15*8®. 

this last specimen in methyl alcoholic solution, 
mum, so that the results of the last two con- 
in aqu^us solution may be accepted. 



rotation of 
^ at its maxi 
lations 
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It may be mentioned that the a-salt did not show mutarotation in 
aqueous solution ; the average of the readings taken as soon as possible 
was practically identical with that of observations made 1 hour later, 
and no change in rotation occurred, even on keeping the aqueous 
solution at the ordinary temperature during 4 days ; this fact does not 
warrant any conclusion as to the stability of the a-salt in aqueous 
solution, as will be seen from the data obtained in the case of the 
jS-ssilt, 

The specific rotation of this salt in aqueous solution was 
determined with the aid of two different preparations, which, however, 
had both the same specific rotation, — 10‘6° in methyl alcoholic solution; 
both samples had the melting point of the /?-salt. 

0‘25 gram dissolved in water, the solution diluted to 25 c.o, and 
examined in a 200 mm. tube, gave 

a -IS' [a]i> -15° 

On keeping the solution at the ordinary temperature, no appreciable 
change in rotation took place in the course of 4 or 5 days, but on then 
evaporating the solution and allowing to crystallise, the deposit did 
not fuse at the melting point of the ^-salt, but sintered at about 
1 68°, and was not completely liquefied until the temperature had risen 
to about 178°. 

0*6 gram dissolved in water, examined under the same conditions as 
in the last experiment, gave 

a - 46' [a]i> - 15*9°. 

These results are not only sufficiently concordant to be accepted as 
correct, but are also practically identical with those obtained in the 
case of the a-salt. 

This last fact, of course, rendered it impossible to ascertain by optical 
examination whether any conversion of one isomeride into the other 
took |daoe bn keeping their dilute aqueous solutions at the ordinary 
temperature, but that the identity of their specific rotations is hot 
due to the two isomerides becoming identical in aqueous solution seems 
to be proved by the further fact that even solutions which have been 
kept for some time do not yield, on evaporation, products having the 
same, or even approximately the same, melting point, although both 
appear to be mixtures. The identity of their specific rotations in 
aqueous solution may, however, be taken as further evidence of the 
optical inactivity of the basic components of the two salts, 

Mohcular Rotations of th& Isomeric SalU. 

In the case of the hydrindamine bromo- and chloro-camphorsul- 
phonates, it was possible to compare their molecular rotations with 
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those of the acid and of other salts, and the results thus obtained have 
already been discussed. In order to make a similar comparison in the 
case of the salts of ci^-Tr-camphanic acid, it was first necessary to deter- 
mine the molecular rotation of the acid by an examination of its salts 
with optically inactive bases. 

In the first place, the acid itself was examined in order to ascertain 
whether it showed mutarotation in methyl alcoholic solution com- 
parable with that exhibited by the a-salt. 

0'5 gram of very finely divided acid was dissolved in methyl alcohol 
(99*8 per cent.), the solution diluted to 25 c.c., and examined as 
quickly as possible in a 200 mm. tube : the average of eight concordant 
readings gave: 

a -25' [a]i> -10*5. 

The same solution, examined about 24 hours later, gave : 

a -27' [a]j> -11*3°, 

and 24 hours later still, practically the same result was obtained ; as 
the initial and final values are the same within the limits of experi- 
mental error, it must be concluded that the acid does not show muta- 
rotation under these conditions. 

The acid being almost insoluble in water, the determination of its 
molecular rotation was made in dilute aqueous ammonia and in dilute 
aqueous solutions of other bases comparable to hydrindamine. 

0*25 gram of the acid was dissolved in water, with the addition of 
a few drops of ammonia, the solution diluted to 25 c.c., and examined 
in a 200 mm, tube ; the average reading was a - 29', from which 

[a],, -24*1° [M]^ -48. 

The addition of more ammonia to the solution had no appreciable 
effect on the specific rotation. 

Piperidine eiS'^-CampIicmate, — 0*25 gram of this salt was examined 
in aqueous solution volume, 25 c.c. ; tube, 200 mm. 

a -24' [a]B -20° [M]i> -56. 

Benzylamine eis^v-Camphanate. — This salt was not isolated for the 
purpose, but a solution of 0*5 gram of the acid in water and a little 
benzylamine was diluted to 25 c.c., and examined in a 200 mm. tube ; 
the specific and molecular rotations are calculated for the acid. 

a - [a]i> 27-5° [M - 54*4. 

These results are not very concordant, but the large experimental 
error, and the probability that the ammonium, piperidine, and benzyl- 
salts are only very partially dissociated, have to be taken into 
osnriidteaiicm. 
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^ ^he specific rotations of the hydrindamine w- 7 r-camphanates in 
aqueous solution being practically identical, and equal to - 16^^, their 
molecular rotations are - 53^, a value which is practically the average 
of those obtained in the case of the three salts just examined. This 
agreement is sufficiently close to be taken as confirmatory evidence of 
the view that the isomeric hydrindamine m-Tr-camphanates are both 
partially racemic salts. 

Mr. Harold Hall, has ably assisted in the preparation and 

analysis of the salts described in this paper, and the author wishes to 
express his thanks for the valuable help which he has received. 

Part of the cost of the materials used in this investigation has been 
defrayed by the aid of a Government Grant, and it is the author’s 
pleasant duty to express his gratitude to the Government Grant Com- 
mittee of the Royal Society for the pecuniary assistance thus afforded 
him. 

University College, 

Nottingham. 


LXXXL — Constitution of Ethyl Sodiocyanacetate and 
of Ethyl Sodiomethylcyanacetate, 

By Jocelyn Fielb Thoepe. 

There has been considerable discussion from time to time as to the 
position of the sodium atom in compounds of the type of ethyl 
malonate. 

The property possessed by these compounds of reacting with sodium 
ethoxide to form sodium derivatives was first observed by Conrad 
{Annaien, 1880, 204, 197), and was ascribed by him to the presence of 
hydrogen atoms rendered acid by two adjacent electronegative groups, 
the formula which was for many years accepted without opposition 
for the sodium derivative of ethyl malonate being 0 HHa(C 02 Bt) 2 . 

Some time ago, however, Michael (/. Chem.^ 1888, [ ii], 37, 496 > 
1892, 46,194) and Hef {Annahn, 266, 67, 113; 1892,270, 

330) called in question the correctness of this formula, and contended 
that the sodium was not directly combined with the carbon atom, that 
an oxygen atom intervened, and that the sodium derivative was formed 
first by the addition of sodium ethoxide, and then by the elimination 
of the elements of alcohol, thus ; 

O yONa 

C02Bfc'CH2-C<^j,^ + EtONa = C02Et*CH2'0^0Et 

= c02Et-0H:c<§Et + Eton. 
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The object of the present paper is not to discuss the formula of ethyl 
malonate, but to show that all the reactions of ethyl sodiocyan- 
acetate and ethyl sodiomethylcyanacetate seem to indicate that these 
substances have formulae similar to that suggested by Michael and by 
Fef for ethyl malonate. 

Perhaps the most noticeable difference between the sodium derivative 
of ethyl malonate and of ethyl cyanacetate is the ready manner iB which 
the latter is precipitated on adding ethyl cyanacetate to a solution of 
sodium ethoxide in alcohol. The heavy, white, crystalline precipitate 
which is then formed can be collected by filtration and recrystallised 
from alcohol without in any way undergoing decomposition. 

The sodium compound of ethyl malonate is precipitated under the 
same conditions only after long standing in the cold, and cannot be 
purified by reerystallisation from alcohol; it is furthermore deliquescent 
and absorbs moisture from damp air, whereas ethyl sodiocyanacetate can 
be exposed to the air of‘ the laboratory for a considerable period with- 
out undergoing change. 

Ethyl sodiomalonate on solution in water decomposes into sodium 
hydroxide and ethyl malonate, the solution showing naturally a 
strongly alkaline reaction. Ethyl sodiocyanacetate dissolves instancy 
in water to a clear solution shomng only a neutral reaction. 

The difference in the behaviour of ethyl sodiocyanacetate and ethyl 
sodiomalonate on condensation in alcoholic solution with ethyl esters 
of the acrylic series has been alluded to in a previous communication 
(Trans., 1899, 76, 49). The yield obtained oh condensing these 
unsaturated esters with ethyl sodiomalonate is frequently so small as 
to render further investigation of the product impossible {ibid,, 52 ; 
Auwers, 1895,28, 1130), hut in no case has ethyl sodiocyanacetate 
in the same class of condensations given a less yield than 60 per cent, of 
the theoretica], whilst in many instances as much as 80 per cent, of 
the theoretical has been obtained. Unlike the derivative obtained 
from ethyl malonate under similar conditions, this condensation pro- 
duct does not consist of the ethyl ester, but for the most part of an 
ethyl hydrogen salt of the type C 02 H*CH{CN)*CR 2 *CH 2 ’G 02 Et, the 
relative proportion of ester to acid salt being dependent upon the con- 
ditions of the experiment, thus in ethyl alcoholic solution the condensa- 
tion product, after heating for 12 hours on the water-bath, consists of 
about 70 per cent, of ethyl hydrogen salt, whereas after 24 hours 
heating about equal quantities of this and the ester are obtained, and. 


after 36 hours heatiug, the greater part of the product consists of the 
esto. Krolon^ heating, therefore, decreases the quantity of ethyl 
s^t, a fact which does not seein to show that its formation 
fsis caused by any excess of sodium ethoxide which 
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The position of the carboxyl group in the ethyl hydrogen salt is 
shown by its behaviour on distillation, the salt being converted into a 
nitrile of the type CN*CH2*CE.2'0H2'C02Et, which, on hydrolysis, 
yields the corresponding acid, OOgH'CHg'ORg'CHa'COgH. 

A number of these condensations has been studied, and a detailed 
account of them will be found in the following papers. 

The abnormal behaviour of ethyl sodiocyanacetate led to a study of 
the properties and reactions of this compound and of the corresponding 
sodium derivative of ethyl methylcyanacetate, with the results which 
form the subject of these communications. 

For the reasons which follow, it would seem that the formula which 

will best explain the reactions of these substances is ON* ORI 

where R may be either hydrogen or an alkyl group, the compound 
being formed from the ethyl ester by the addition of sodium ethoxide 
and elimination of alcohol, thus : 

A /OEt ATT#- 

ON-CH2-c<2j.t — ON-OHa-c^om _* cn-ch;c<^"“. 

Action of Waie9* on Ethyl Sodiocyanacetate. 

The sodium derivative of ethyl cyanacetate when quite pure dis- 
solves in water to a clear solution, and at no time does the solution 
show an alkaline reaction, yet on evaporating to dryness in a vacuum 
over sulphuric acid sodium cyanacetate is obtained ; if the ice-cold 
solution is cautiously acidified, no separation of oil, indicating that 
ethyl cyanacetate has been regenerated, is observed. 

From the equations 

OhT-CHISra-COgEt + HgO = CN-OHg-COgEt + NaOH 
OK-CHg-OOgEt -F NaOH « ON-GHg-COgNa^- EtOH 

it luight be expected that the presence of free caustic soda in the 
solution would be detected, unless, of course, it be supposed that at 
the moment of its formation it hydrolyses the ethyl ester to the 
corresponding sodium salt. This, however, is rendered improbable 
by the fact that ethyl cyanacetate is not readily acted on by cold 
caustic soda solution, and is only slowly hydrolysed on boiling with 
this reagent. It therefore seems very probable that the sodium atom 
in the sodium compound of the ethyl ester is attached to the same 
carbon atom as it is in the sodium salt of the corresponding acid, and 
that the action of water can be represented in the following way ; 

OH-OHX<gg^ — _ Cir-OH,-C<gj,^ 
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Formatimi of Ethyl Hydrogen Salts in the Condensations of Ethyl 
Sodiocyanacetate with a^Hmaturated Ethyl Esters, 

In the condensation of ethyl sodiocyanacetate with, unsaturated 
ethyl esters of the acrylic series in alcoholic solution, the product 
under suitable conditions consists of a large proportion of ethyl 
hydrogen salt mixed with the ethyl ester, the former beihg rfowly 
converted into the latter on prolonging the heating. It was further 
stated that the carboxyl group is attached to the same carbon atom 
as the eyano-group. This fact can be readily explained as follows. 

The first action of the unsaturated ethyl ester on the sodium com- 
pound takes place thus i • 

COglf CH:CE2 + HC(C!N):G<:g|‘ = GOjEfCH2-CE,-0(ON):0<g|* 

where R may be either an alkyl radicle or hydrogen. 

On adding water to the compound, the same action takes place as 
when water is added to ethyl sodiocyanacetate, water being added on 
and the elements of alcohol eliminated : 

CO2Ef0H2-GEj-C{GN):C<2|*-*CO2EfGH2*GE2-GH(CN) 

C02Ef0H2*GE2-CH(CN)*0<gj5j^ 

a sodium salt which, on acidifying, would yield the ethyl hydrogen 
salt. 

The unsaturated nature of this sodium compound is difficult to 
prove conclusively. It is deposited in the condensation mixture as a 
gelatinous jarecipitate, which decolorises iodine, yielding a product 
Gcmtaining large quantities of this element, but up to the present no 
means have been devised for obtaining it in a pure condition. Further 
experiments on this substance, and also on the action of bromine upon 
the sodium compound, are still in progress. 

The formation of ethyl ester, and its production from the ethyl 
hydrogen salt on prolonging the heating of the alcoholic solution 
employed in the condensation, can be explained as follows. 

Ethyl sodiocyanacetate is produced in its unsaturated form by the 
addition of sodium ethoxide and splitting off of alcohol, and although 
there is no tendency for this compound to again take up the elements 
of alcohol on prolonged boiling with this ^ to 

happen with mo^ complex unsatxirated sodiirm as, * for 

ocmden^tion product mentioned above. As already 
the heating of the alcohbhc solution is prolonged for from 
|^:h^ly a trace of ethyl hyd^^ salt is produced, and the 


/OH 

•C^-OEt 

\ONa 
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same result is obtained if the mixture is heated in sealed tubes in a salt 
bath for 24 hours, the product in each case consisting almost entirely 
of ethyl ester.* This is most probably due to the addition of alcohol 
to the unsaturated compound, forming an additive product which on 
treatment with water would yield the ethyl ester. 

COgEt'OH5-OB2*C(ON):C<Qg^ -* COsEf OH2-CR2'OH(CN)- 

- C 05 Et-OH 2 -OE 2 -CH(CN)-C^g^- 

The relative proportion of ethyl hydrogen salt to ethyl ester, pro- 
duced in these reactions, is more clearly seen in cases in which the 
sodium compound is treated directly with an alkyl iodide, or with a 
halogen derivative of a fatty ethyl ester. 

The method of bringing this about has already been described 
(Perkin and Thorpe, Trans., 1899, 75, 62, 898), a^^-trimethylglutaric 
acid and the acid represented by von Baeyeris formula for isocamphor- 
onic acid having been synthetically prepared in this way. Sub- 
sequently, it was found that the alkyl iodide or halogen ethyl ester 
reacts only with that portion of the condensation product which would 
have yielded the ethyl hydrogen salt had it been worked up before treat- 
ment with the halogen compound. This is proved by the fact that 
those conditions which yield the largest quantity of the second con- 
densation product yield also an equally large quantity of ethyl 
hydrogen salt, and that those conditions giving the smallest yield 
of ethyl hydrogen salt yield also the smallest quantity of the second 
condensation product. 

A good instance of this can be taken in the condensation product 
obtained by condensing ethyl dimetiiylacrylate with ethyl sodiocyan- 
acetate, and treating the product with ethyl bromacetate (Trans., 
1899| 76, 898). The products in this case boil suflBciently far apart 
to be lEmdily separated by fractional distillation, and it was found that 
the proportion of ethyl' dimetbylcyanobutanetricarboxylate to ethyl 
dimethykyanopropanedicarboxylate varied with the conditions em- 
ployed, and that those conditions which would have yMded the largest 
quantity of ethyl hydrogen salt, had the condensation mixture been 
worked up before adding ethyl bromacetate, gave the largest quantity 

* The details of an actual experiment may he given. A mixture of 118 grams of 
ethyl cyanacetate, 129 grams of ethyl dimethylacrylate, and: 23 grama, of sodium, 
dissolved in 270 grams of absolute alcohol, ^ve on heating : 

8 hours, 200 grams ethyl hydrogen salt, 10 grams diethyl ester. 


10 

118 



90 

20 „ 

56 
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146 

86 „ 

20 


11 

176 


/ONb. 

C^OEt 

>OEt 
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of ethyl dimethylcyanobutarietricarboxylate after treatment with ethyl 
bromacetate. 

Ho formation of ethyl hydrogen salt could be observed in any case 
in which the condensation product had been treated with an alkyl iodide 
or bromo-ethyl ester. 

The product of a condeusation between ethyl sodiocyanacetate and 
an ethyl ester of the acrylic series therefore consists of two sodium 
compounds ; 

OOjEt- CHj- CEj- 0(CN):C<§2®’. CR^- CH(ON)*O^OEt 

^OEt 

I. ^ II. 


the relative proportion in which they are present being entirely de- 
pendent on the conditions of the experiment. 

The bromo-ethyl ester then reacts with the sodium derivative I, form- 
ing the tri-ethyl ester, 


GOaEf CHa-ORj- C(ON):C<^g^ 
+ 00,Et-CH„Br 




= HaBr -f 


COgEt* OHg* 


It at first seemed strange that the saturated sodium compound, II, 
should not react with the halogen compound to form an ortho -deriva- 
tive of the type 


€02Et-GHgrCRg-CH(0 

but no eom^nnd of this kind could be isolated from the product. 

An explanation for this may be found in the fact that compounds of 

the type ^>CH* 0 R 2 -CHs*C 03 Et, do not appear to react with 


sodium ethoxide to form sodium derivatives. Thus it has been found 
(Perkin and Thorpe, Trans., 1899, 76, 63 ; Balbiano, private com- 
munication) that ethyl dimethyl propan etricarboxylate, 


(C02Et)20H- qCHg)^' OHg- COgEt, 
and ethyl dimethylcyanotricarboxylate, 

COgEt- oi(OH)*G(OHg)2- OHg- COgEt, 

igfe containing the hydrogen atoms marked (*) attached to the 
atonm a& two eleciarondgative groups, do not react with 
I to fom so<Kum compounds. 
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It is therefore highly probable that a sodium derivative of the type 
II would be an unstable substance, and at the moment of formation 
would split off sodium ethoxide, and pass into the ethyl ester 


yOm 

OOgEt- CHg- CEg* CH(CN)-C^OEt 

\OBt 


EtONa + COgEf CHg- CEg- CH(ON)-C<| 


0 

OEt 


This explanation would further account for the fact frequently noticed 
in these condensations, namely, that although the original mixture is 
neutral to litmus when treated with water, yet after prolonged boiling 
it shows a strongly alkaline reaction. 

The assumption of this formula for ethyl sodiocyanacetate might 
also explain the facts noticed by Bone and Sprankling (Trans,, 1899, 
75, 845), who found that the condensation of ethyl sodiocyanacetate 
with some esters of a-bromo-fatty acids gave almost quantitative yields 
of the corresponding succinic derivatives, whereas the same condensa- 
tion carried out with ethyl sodiomalonate yielded mixtures of the 
glutaric ^nd succinic derivatives. 

The formation of glutaric derivatives in such reactions is due, as 
Auwers showed (Auwers and Koebner, 1891, 24, 1923 ; Auwers, 
Koebner, and von Meyenburg, ihid., 2887), to elimination of hydrogen 
bromide from the fatty halogen ester, and condensation of the un- 
saturated ethyl ester thus formed with ethyl sodiomalonate ; thus 
taking as an instance the condensation of ethyl bromisobutyrate with 
ethyl sodiomalonate, the course of the reaction yielding the glutaric 
derivative is as follows ; 

gga>CBr-00,Et = HBr + 0H,:0<g5«g^. 

S . 2 

If, however, the ethyl malonate be replaced by ethyl cyanacetate, 
no trace of the glutaric derivative is obtained, and the product consists 
entirely of ethyl dimethylcyanoethanetricarboxylate. This difference 
in behaviour can hardly be due to the difference in solubility of the 
sodium derivatives of ethyl malonate and ethyl cyanacetate in alcohol, 
since ethyl sodiocyanacetate, although sparingly soluble in cold, 
readily dissolves in boiling alcohol, but can be explained on the 
assumption that the reaction is an additive one : 

VOL. LXXVII, 3 8 
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C02Et‘0(0H3)2Br + CH;(ON):o<Qg® 


'Br 


= C02Et-0(0H2)2*0H(GN)-C^01Ta 

\OEt 


= EaBr + 


0O2EfC(CH3)2.CH(ON)-0^j.^. 


Action qf Iodine on Ethyl Sodiocyamac^ate. 
Jlthjls^iocyanacetate W 3 additive prodaets with bromine and 
^ ^ve like ethyl sodiomalonate, which is directly 
transformed into ethyl ethanetetraearboxylate. If excess of iodine in 
d^ ethereal solution is added to the finely ground sodium compound 
of ethyl cyanacetete suspended in dry ether, and the mixture quickly 
worked up by adding water and shaking the ethereal solution with 
sodium carbonate, an oil is obtained containing iodine and givinir 

those required for the compound 
Chi - CHIrCOjEt, which IS evidently formed by the addition of Fodine 
to tne sodiam derivative. 

CN.OH:C<g^^ _ ClT-CHI-O^OFa C1T-CHI.0<2^ 

\OEt ^OEt 

The impound dec^poses on distillation under diminished pressure 
and IS therefore difficult to obtain pure. ^ 

The sodium derivative does not decolorise the theoretical quantity 
of lodine^uired for two equivalents of iodine to one of tke coZ 
p^nd By the direct addition of the ethereal solution of iodine, St 
about 60 per cent, of this amount is decolorised, but by grinding the 
m a mo^ in intact with the iodine solutiLf the amount 

theoretical quantity • 
to the precipitation of sodiumlodide In 
% senium oomimund, and the consequent retardation of the reaction 
mt the remaining 20 ^r cent, is not absorbed is evidently due to 
the foBowing reasons. If the product is not very quicHy worked nu 
or if the temperature IS allowed to rise during the progress of the reaF’ 

"^timite formation of 
oorresponds to ethyl ethanetetracarb- 
^ - formed by the action of iodine on ethyl sodiomalonate. 

secondary product is caused by the condensa- 
faon of ethyl lodocyanacelate with unchanged ethyl sodiocyanacetate 

. ®(ON):o<0|^ . co>^H-CHm.oZk 

\OEt 



- ISkl 4* 


002Et>^H.CH<0N).Cf<g^ 
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Since this secondary reaction takes place slowly even in ice-cold 
solutions, the non-absorption of the calculated quantity of iodine is 
readily understood. 

Similar experiments with ethyl sodiomalonate showed no trace of 
the formation of an additive product containing iodine, and it is 
therefore hardly likely that the formation of ethyl iodocyanacetate 
can be due to the direct replacement of the sodium atom by iodine# 

The action of bromine on ethyl sodiocyanacetate shows the forma- 
tion of the additive product in a still clearer manner, since in this 
reaction there appears to be no tendency to immediately form the 
secondary product. The calculated quantity of bromine dissolved in 
carbon disulphide is readily decolorised by the finely ground sodium 
compound suspended in carbon disulphide, the, product consisting of 
almost pure ethyl brOmocyanacetate, ON-OBGBr'COgEt, a mobile oil 
decomposing when distilled under diminished pressure. 

No trace of an additive product containing bromine could be de* 
tected in the product formed by the action of bromine on ethyl 
sodiomalonate. It is interesting to note in connection with this 
formula for ethyl sodiocyanacetate, that whereas ethyl malonate forms 
a disodium compound when treated with two equivalents of sodium 
ethoxide, ethyl cyanacetate under the same conditions forms only a 
monosodium derivative. The non-formation of a disodium derivative 
in the case of ethyl cyanacetate may be regarded as a proof in favour 

of the formula for the monosodium compound, 

since this substance could not further react with sodium ethoxide. 

Ethyl Sodiovmthylcyanaoetate* 

The sodium compound of ethyl methylcyanacetate is not precipitated 
on the addition of alcoholic sodium ethoxide to ethyl methylcyan- 
acetate, and can only be obtained as a gelatinous precipitate on adding 
a large quantity of dry ether. Since it is readily soluble in alcohol, it 
cannot, like the sodium compound of ethyl cyanacetate, be recrystal- 
lised from this solvent, and hence it was not found possible to prepare 
it in a condition free from the last traces of sodiuni ethoxide* Ex- 
periments on the action of water on this compound were therefore of 
no value. 

Ethyl sodiomethylcyanacetate, however, combines with iodine to 
form an additive product, which is a mobile oil decomposing on dis- 
tillation, and giving on analysis figures corresponding with those 
required for the compound CHg*0I(0N)*C02Et. 

By the action of bromine, the corresponding compound 

0H3-CBr(CN)-C02Et 


3 S 2 
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“o* ®o satisfactory 

as with the non-methylated compound. ^ 

The ^eld of condensation product obtained on condensing ethyl 
sodiomethylcyanacetate with unsaturated ethyl esters is usually very 
small, and rarely reaches more than 17 per cent, of the theoretical : 
the product consists, however, of an ethyl hydrogen salt, whfch 
behaves in an analogous manner to the ethyl hydrogen salts derived 
trom ethyl cpnacetate. Thus, on condensing ethyl sodiomethyloyan- 
^tate mth ^ ethyl dimethylaerylate, about 17 per cent, of the 
theoretical yield of the ethyl hydrogen salt, 

distillation ethyl y-cyanotrimethylbutyrate, 
and this, on hydrolysis, giving 
a^^-tnmethylglutaric acid, C02H-CH2*0(CH3)2-CH(CH,)-C0 No 
trace of diethyl ester could be detected. 

to heating the sodium compound of the condensation product with 
methyl i^ide, a corresponding yield of the methyl derivative is pro- 
duced, which on hydrolysis and elimination of carbon dioxide is con- 
verted mto a mixture of the cia-and imwe-aoiyS/S-tetramethylglutaric 
acids of the fomula C03H-0H(0H3)-0(0H3)3-0H(CH3)-C0„H 
Evidently, therefore, one of two things must have happened 
(1) Assuming the formula of the sodium compound to be 
CH3-CNa(CN)-003Et, 

the sodium atom must have changed its position. Thus: 

C!Hg-0Na(CN)-0O2Et + (0H8)2O:0H-CO3Et= 

' ^^■^^^)(^02®i)’C(CH3^*CHNa-(X)2Et, 

the tetramethylglutaric acids on 
iaethyhition, hydrdysis, and elimination of carbon dioxide, or 

(ii) A^uming the formula CN-C(OH3):0<OFa 

the con^tution of the sodium derivative, the methyl group must have 
changed its position from one carbon atom to anothL 


CQ 3 EfOH;C(CH 3 ) 3 + CH 3 -C(CN)- 0 <gi 


»Na 
>Et ‘ 


C02Et-CH(0B^)-C(CHj)2-C(0N):0<^^ 


^ ®™iJarity in behaviour between ethyl sodiomethvlevaT 
sodiocyanacetate, it is probabk that thosSind i 
iminy instances of a methj 
poaitKm fotm one carbon atom to another ar 
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known m the fatty series, the only case which I can at present call 
to mind being the conversion of pinacone into pinaooline,* 

ogj>0(OH)-G(OH)<^|8 - HjO = CHg-OO-O^ij, 

® XCHg 

but the general reactions of the substance seem to render the assump- 
tion necessary, and, as is evident from the smallness of the yield, the 
change takes place only with much difficulty. 

It has been often stated {Ber,, 1891, 24, 1923, 2887) that the reaction 
between ethyl sodiomalonate and unsaturated ethyl esters of the 
acrylic series is represented by the equation 

GO 

+ C(0Hs),:0H-C02Et = 

eo;Ei>CSf*0(OHs)2-OHNa.OO,lt, 

that IS to say, that the sodium atom changes its position from one 
carbon a,tom to another. If this is actually the case with regard to 
e yi sodio^nacetate, it is a very strong argument against the formula 

ON'OH.C<^jg,^ for this substance, since a compound of this 

could hardly yield a sodium compound of the iype represented in the 
above equation. 

That this view does not represent the true course of the reaction is 
clearly shown by the following considerations. 

Ethyl a-methylacrylate, CH 2 : 0 ( 0 H 3 )'C 02 lt, readily condenses with 
ethyl sodiocyanacetate to form a sodium compound which, according 
to the equation given above, would have the formula 

002Et-0H(0N)-0H2-CNa(CH8)-C02Et, 

and would therefore yield, on methyiation, hydrolysis, and eUmination 

01 carbon dioxide <a&a-aa-dimethylglutaric acid, 

002H-OH2*CH2*0(OBsV008H. 

IVom the alternative formula, on the other hand, the sodium coin- 
pound would have the constitution 

C02Et*OH(CH3)-CH2-0(01T):0<g|“ 

.t™* « iateresti^toiiote, iuconnectionwith.thepossibla wandering of the sodium 
rtom, that eftyl soiocyanomalonate, C!N-CN8(C0,Et)„ which is prepared as 

carW stowed by the action of ethyl chloro- 

«rbonate on ethyl s^ioeyanaoetate, does not show the least tendency to combine 
with unsatnrated ethyl esters. In order that condensation should ensue in this 
c^. It wonid be necessary for either the sodium atom or the carbethoiyl groun to 
change ite position. The sodium compound does not decolorise iodinef and is 
oyaM^Mir”^ aineous solutions on the addition of acid as unchanged ethyl 
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giving, with methyl iodide, 


9H3 


/I 


OOJ^t^GK(OR^yOH^-C(Gli^yO^Om 

N3Et 


Nal + C 02 Et'GH(CHs)- 0 H 2 - 0 (GH 8 ; 




an ethyl ester which, on hydrolysis and elunination of carbon 
dioxide, would yield the and of syminetrical aa'-di- 

xnethylglutaric acid* 

As a fact, the product consisted, both in this case and in the case 
of the corresponding reaction with ethyl sodiomalonate, entirely of 
the da- and iSmws-aa'-dimethylglutaric acids, and no trace of the 
unsymmetrical compound could be detected. It is therefore certain, 
apart from the actual formulse of these sodium compounds, that in 
these condensations the sodium remains attached to the carbon atom 
with which it was originally combined. 


The ietrametk^lglutaric acids, which have not previously been 
obtained, are two well-defined substances, behaving as true stereo- 
isomerides ; the ofe-modification melts at 140® and the irows-isomeride 
at 95®, the anhydride of the former is a liquid boiling at 165® under 
(30 mm.) pressure ; the <ram-acid has no anhydride of its own, but is 
converted into lie anhydride of the <j^-form on heating in a closed 
tube at 150® with acetic anhydride^ the c^s-modifieation is partially 
converted into the fe’ows-isomeride on heating in a sealed tube witb 
concmitrated hydrochlonc 

In -^mnection these researches, a method was devised by which 
quantiMes of stereoisomeric acids derived from ethyl cyanacetate 
and its dmvatives could be readily separated into their ds- and 
^ra3^s-modifications- The separation of acids of this type is often a 
long process, necessitating the use of large quantities of material, 
and therefore, in the first instance, experiments were tried and the 
experimental conditions determined by the use of substances which 
could be obtained in large yields, and would give acids of known 
constitution. Briefiy, the method is as follows. 

The imrtial hydrolysis of the cyano-ester formed in these con- 
donsatkms by means of methyl alcoholic potash gives rise to the 
eyaho-acid, 

eOjH-OHE-pEs:OE<^^, 

obtaihed as a potassium salt readily purified 
washing with methyl ^oohoL On boiling this 
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potassium salt> or the cyano-acid extracted by means of ether if the 
potassium salt is soluble in methyl alcohol, with concentrated hydro- 
chloric acid, carbon dioxide is eliminated with the formation of the 
amic acid, which, like the acids, can exist in cis- and ^mws-forms; the 
process of boiling with hydrochloric acid converts the cis-amic acid 
into the imide, a substance which is not acted on by boiling in hydro- 
chloric acid solution j the ^rans-amic acid, on the other hand, is com- 
pletely hydrolysed to the iraws-acid under these conditions. 

The process can therefore be represented as follows : 


EOH-00,H 


nh2-co*9hr 

9R2 

COgH-CHR 

(c^s-Amic acid}. 

NH2'C30-9HR 

CHR-COaH 
(tone- Amic acid). 


CO— CHR 
NH 9R2 
CO— OHR 
Imide. 

COaH‘9HR 

9®^ 

CHR-COaH 

im?M-Acid. 


As the imide is insoluble in dilute sodium carbonate solution, the 
mixture is dissolved in ether and shaken with a solution of sodium 
carbonate, when the tram-&Qid dissolves, and may be recovered on 
acidifying and extracting the sodium carbonate washings, whilst the 
imide remains in the ethereal solution, and can be obtained on 
evaporation ; the imide is converted into the ci«-acid on hydrolysis 
with dilute sulphuric acid. 

This method, which has so far been applied in three cases, has in 
each yielded satisfactory results. 


These researches were carried out in conjunction with Messrs. 
Howies, Neale, Udail, and Young, and I beg to thank these gentle- 
men for the able manner in which they conducted the experiments, 
a detailed account of which appear in the ensuing papers. 

1 farther wish to thank Prof. W. H. Perkin for many valuable 
sugg^tions given during the course of these investigations. 

Thu Owens CoLLBOB, 

Hanohbstbb. 
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LXXXU._ciB. 'md tr^m-i«^^Tetrametht/lgl-utcmc 

By JooBLTO F. Thobpe and Willum Yonssi > ; 
Stkyl Sodiocya^cetafe^ 

S^£Si?S=s,‘ ~ ^ 

order to avoid^r'" ®”^9)iantity of sodium dissolved in alcohol. L 

:s 

It -s 

Stdil .r^r* ?“■ ““ to '•»»™ Clt. 

free W +1,1! !’ ^ extremely difficult to obtain it 

Stott -• >■«”•“.;! 

in which it diBsoIres^fairly^readiWnVf alcohol, 

cooling. When pure it Jnna l\ J* which it separates on 

»(t« pwi<„goa «po;t. 

>> 4 twt.tigt.“t*°“ tom ptepar 8 dw,.M.l,sed 

^ve Ha^^. Na = 17 - 01 . 

OjHgOjirNa requires Na= 17-03 per cent. 

Aetim of WaUr on Ethyl Sodiooyanacetate. 

vMbio. „d ttts ir^ tti" n t - 

on boiling still retains its neuiL reSn iS ' ““ 

dryness a crystalUne compound is ^ to 

aa^jeis oorres^oding to - 

^2357 gave 0 0801 m,SO^. Fa = 10-99. 

t^si^sNNa requires Fa= IMS per cent, 

i£haS*etfvr ^ “ compound in the cold with 

acid, ethyl cyanaqetate is not regenerated. 
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AcHon of Iodine on Ethyl Sodiooycmacetate^ 

On adding one equivalent of iodine dissolved in dry ether to one 
equivalent of the sodium compound suspended in the same solvent, 
rapid decolorisation ensues, and it was found possible to add 10 per 
cent, more iodine than was theoretically required before the coloration 
became permanent. This excess was increased to 80 per cent, on 
grinding the sodium compound with the iodine solution in a mortar, 
but beyond this no further absorption of iodine could be brought 
about. 

On rapidly working up the product by adding water, extracting the 
ethereal layer, and washing the ethereal solution with dilate sodium 
carbonate solution to remove iodine, an oil remained after removal of 
the ether which contained large quantities of iodine, and decomposed 
with evolution of iodine vapour on distillation under reduced pressure. 
Owing to the fact that it was not found possible to separate it from 
the product of a secondary reaction, this substance did not yield very 
satisfactory figures on analysis, the quantity of iodine varying con- 
siderably in various experiments. The best results were obtained by 
quickly adding excess of iodine in ethereal solution to the finely 
ground sodium compound suspended in ether cooled by means of ice, 
and immediately adding water ; in this way, a substance was obtained 
which yielded the following figures on analysis : 

0*2519 gave 0*2419 Agl. 1-52*08. 

CsHgOgNI requires I — 53*18 per cent. 

The secondary reaction mentioned above consists in the further 
action of the iodo-compound on the unchanged sodium derivative, the 
product consisting of ethyl dicyanosuccinate, the formation of which 
depends entirely on the conditions of the experiment. 

Ethyl Ei<^(momccinatei 0O^Bt*OH(ON)*OH(OjN)*0O2Et, was must 
conveniently prepared in the following way* The sodium compound 
(5 grams) was suspended in dry ether, mixed with excess of iodine 
dissolved in dry ether, and the mixture either allowed to stand for 2 
days or heated on the water-bath for 3— 4 hours. The product, which 
was worked up in the way previously described by adding water, 
separating the ethereal layer, and removing excess of iodine with 
sodium carbonate solution, yielded a solid residue on removing the 
ether by evaporation. The ester crystallises from dilute alcohol in 
lustrous plates and melts at 120°. On analysis : 

0‘1514 gave 0*2965 COg and 0’0756 H^O. 0 - 53*41 ; H - 5*55. 

requires 0 = 53*57. H = 5*36 per cent. 





TS0RP2 AUD YoUKCt : 


Ethyl dieyanosucoinate is a 

in 1 wiuguuiHsoivesreaau 

m acetone alcohol, or ethyl acetate, but is only sparingly soluble i 
light petroleum, and insoluble in water. ' 

(if Br(»rihie (m Eth^ 8odio^fasiita0^(Uie,, 
oomporaid fe 

■nrfii. eyaiK^t^inate, and consequently the additive product 

inabroniine can be obtained in a pure condition. 

sodi^ compound was suspended in dried and 
«i .!• 1 dis^phide, and a solution of bromine dissolved in 
found**!, added Rapid decolorisation ensued, and it was 

found that 10 grams of the sodium compound absorbed 10-3 grams of 

oneT *1. theoretical quantity for two equivalents of brfmine to 

auLTr T «>*“POund being IM grams. Prom this it would 

p^r that the absorption of bromine is almost complete. 

dianlnKM*^® jater to the product, separating the layer of carbon 
Asdgnde, and wasbng with water and dilute sodiL carbonate 
^lution, an oil reigned on evaporation, which decomposed on distil- 

llvrthTfS ‘f purification, 

gave the following figures on analysis : 

<>•2366 gave 0-2328 AgBr. Br=42'll. 

requires Br= 41 -66 per cent. 

of am theoretical, and a complete study of its pro^^ 

On adding the calculated quantity of ethyl methylcyanacetate to 
an equivalent quantity of sodium dissolved in alcohol, the sodium 
impound m not precipitated, but may be obtained in white, flooculent 

ated by filtmtion, washed with dry ether, and dried on a porous p£I 
® q^tlpabsoSs moisture 

water, and the solution exhibits an 
experienced in obtaining 

«i?®..^.'°^^ -^feter, since the only convenient method ^or 

reprecipitation with 
^ removal of the last t^ the 
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Action of Iodine on EiJiyl Methylcyanoacetate, 

In the action of iodine on the sodium compound, as in the action of 
bromine on ethyl sodiocyanacetate, there appears to be no tendency for 
any secondary product to be formed. On adding an ethereal solution 
of iodine to the finely divided sodium compound suspended in dry 
ether, rapid decolorisation ensues, and on extracting the product in 
the usual way, it was found to consist of a heavy oil, decomposing on 
distillation under diminished pressure. On analysis : 

0-2136 gave 0*1937 AgL 1 = 49*01. 

O^HgOgNI requires 1 = 50*19 per cent. 

JSTo trace of ethyl dimethyldicyanosuccinate could be detected in 
this product. 

The iodo-compound slowly deposits iodine on exposure to sunlight. 

Condensation of Ethyl ^f^-Dimethylacrylaie wUh Ethyl Sodiomethyl- 

cyanacetate. 

This condensation was carried out with the object of determining 
whether ethyl sodiomethylcyanacetate condensed with unsaturated 
ethyl esters in the same manner as ethyl sodiocyanacetate, which, as 
already stated, yielded a product consisting largely of an ethyl 
hydrogen salt. 

Twenty-three grams of sodium dissolved in alcohol were mixed with 
127 grams of ethyl methylcyanacetate and 128 grams of ethyl 
dimethylaorylate, the whole being heated on the water-bath for 24 
hours. On distilling off the excess of alcohol, adding water, extracting 
with ether, &c., only unchanged products were obtained on evaporation 
and fractionation. 

Om acidifying the mother liquor, an oil separated which, after 
extrac^oni was distilled three times under the ordinary pressure, 
dtntog which process wbon dioxide and was converted into 

a mobile oil boiling constantly at 224®. On analysis, numbers were 
obtained corresponding , ^th thc^ ethyl 

methylhutyrate^ 

0*1638 gave 0*3930 COg and 0*1374 HgQ. 0 = 65*48 j H = 9*31. 

requires O = 65 57 ; H - 9*29 per cent. 

On hydrolysing this oil with 50 per cent, sulphuric acid, a process 
requiring from 6—7 hours, and extracting the product, a solid acid 
was obtained which, after recrystallisation from water, melted at 87®, 
and was in every respect identical with a^^irivnethylglutaric acid, 
C02H’OH(OH3)*C(OH3)2*CH2*C02H. The yield of this compound is 
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only 5 per cent, of that theoretically possible. It is interesting to 
note, however, that the reaction in this case proceeds in the same way 
as the corresponding reaction in the case of ethyl cyanacetate. In the 
present instance, however, no traces of the diethyl ester could - be 
detected. 

Formation <)f and tTa,ns*axiifi^-Tetra7neth^lglutaric Acids , ' 
B&iyl 

m8-G(C02EtX^^^ 

is formed to the extent of 17 per cent, of the theoretical yield in the 
following way. Sodium (dissolved in alcohol) and ethyl methcyan- 
acetate, in molecular proportion, were mixed with an equivalent 
quantity of ethyl dimethylacrylate, and heated on the water-bath for 
24 hours ; excess of methyl iodide was then added, and the heating 
continued for a further 6 hours. On isolating the product in the 
usual way, it was found to consist of an oil which distilled at 
174 — 176° under 30 mm. pressure. On analysis : 

0*1778 gave 0*4062 00^ and 0*1356 HgO. 0 = 62*32; H = 8*47. 

Ci^HgaO^N requires C = 62*45 ; H = 8*55 per cent. 


(m ^P'Tetrameihylglutarimide, 

Ethyl a-cyano-oai^S/S-tetramethylglutarate was first heated on the 
water-bath for 2 hours with an equal weight of potassium hydroxide, 
dissolved in methyl alcohol, evaporated several times with water to 
dryness, and extracted with ether, the oily product being further heated 
with concentrated hydrochloric acid for one hour. 

During this process, vigorous evolution of carbon dioxide occurred, 
and after extracting with ether and shaking out the ethereal solution 
three times with dilute sodium carbonate solution, the ether, on 
evaporation, left a soHd residue, which crystallised from water in long, 
white needles melting at 108°, On analysis : 

0*1670 gave 10*9 c.c. nitrogen at 15° and 769 mm. N = 8*34. 

CgHigOgN requires IN = 8*28 per cent. 


The salt, prepared by adding a solution of silver nitrate in 
water to an aqueous solution of the imide to which a few drops of 

E iad been added, is a white, crystalline substance. 

^ave 0*0434 Ag. Ag 38*9 1 . 

; O^Hj^HOgAg requires Ag= 38*95 per cent. 
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cis’oxLPP-Tetramethylgluta/ric Acid^ 

CH3-GH{C02H)-C(CH3)2-CH(CH3)^C02H. 

This acid is obtained by boiling the imide for 2 hours with 50 per 
cent, sulphuric acid. In this process, a small quantity of the cis-acid 
is converted into the iram-isomeride, but the change is not sufficient 
to prevent the ci5-acid from being isolated in a pure form by re- 
crystallisation from water, from which it separates in white plates 
melting at 140° On analysis: 

0*2171 gave 0*4558 GO^ and 0*1692 H^O. C = 57*25 ; H = 8*65. 

CgHig 04 requires 0 = 57*44 ; H = 8*51 per cent. 

The silver salt is a white, amorphous precipitate. 

0*1673 gave 0*0894 Ag. Ag = 53*44. 

CgH^^O^Agg requires Ag = 53*50 per cent. 

ojo! P^-TetramethyJglutaric Anhydride^ G^-^^0^, is formed by boiling 
the ctVacid with acetyl chloride for 2 hours. It is an oil which does 
not appear to exist at the ordinary temperature in a crystalline con- 
dition j it boils at 155 — 158° under 30 mm. pressure. On analysis : 

0*1957 gave 0 4569 COg and 0*1412 H^O. 0« 63*57; H = 8*01. 

CgHi^Og requires 0 = 63*53 ; H = 8*23 per cent. 

When boiled with water, the anhydride gradually dissolves, and, on 
cooling, the c^s-acid, melting at 140°, separates from the solution. 

ivsJi^-aja Pp-TetrametJtylglutaHc Acid, 
C02H*0H(0H3)*C(0H3)2*CH(0Hs)-C02H. 

The tram-BXsid is obtained from the sodium carbonate extracts of 
the ethereal solution (p, 940) by acidifying, saturating with ammonium 
sulphate, and extracting with ether. It crystallises from hydrochloric 
acid in needles, and melts at 98°, 

0*1952 gave 0*4105 00^ and 0*1514 H^O. 0 = 67*35 ; H = 8*61. 

requires C«67"44; 8*51 per cent. 

The Prarhs-sjcM. does not yield an anhydride when treated with acetyl 
chloride, and is recovered unchanged on evaporating the solution. 

The silver salt is an amorphous powder. 

0*1692 gave 0*0910 Ag. Ag^ 53*42. 

CgHj^O^Agg requires Ag = 53 *50 per cent. 

The trans-s^id, mixed with cts-isomeride, can also he obtained on 
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MrocUoric acid in a .ealed tube for 6 

The «r<^^id is converted into the cts-isomeride by heating with 

toe acetic anhydride by evaporation and boiling the residue with 
water, the cw-aeid separates on cooling. 

into’eirt ^ are therefore quite normal 

tem + *'®«s aeid melted at a lower 

temperature than the cts-isomeride seemed to point to the possibility of 

he former temg a mixture of the two, corresponding to the aa,-dimethyl- 
glutoc acid, melting at lOS- which was long thought to be toe ircl. 
term, but was subsequently shown to be a mixture of the stereo- 
isomendes. We have seen no reason to doubt the homogeneous 
ch^a^ter of the acid melting at 98° however, and all attempts to 
detect the presence of any cis-acid in it have been unsuccessful. 

The Owens College, 

liliNOHESTEE, 


^^^lll-—fi-Isopr^ylgflut(mcAcid and cis- and trans- 

Methylisopropylglvtaric Adds. 

By P, H. Howles, JooEtYN F. Thorpe, and WiLMAH UpAiu 

Ethvi. a^BOBisoBOTYiAciBTATE is best prepared in the following 

o^itamed by treating ethyl sodiomalonatf 
TOth mbutyl bromide, hydrolysing the product after fractionation 
J^h ethyl al^hoho potash, and distilUng the tribasic acid obtained, is 

andh^ ' ^ a ^olhard method with phosphorus pentabromide 

nd bro^e, and the product poured into absolute alcohol. 

aJhl- 1 separates as a heavy, yellow oil on pouring the 
alcoholic solution into water and extracting with ether. 


^-I$opropylac7'ylate, 


Frfty g^ of the bromo-ester without further purification are 

boUed on the sand-bath for 
^oum . the sohd mass IS then treated with hydrochloric acid (1-1) 

lasttracesof diethylaniline 
salt obtained on distfiUng 
1^4 under 757 mm. pressui^. 
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I. Condensation of Bthyl p-lsopropylacrylate with Ethyl 
Sodiocyanacetate, 

Jlthyl cyanacetate (19-9 grams) was added to an alcoholic solution of 
^lum (4 grams) and, after the addition of ethyl y?-isopropylacrylate 
On f?® mixture was heated on the water-bath for 10 hours. 

Jhelnf f ® "“f e«ter. considerable heat was evolved. 

mSrSh ’ w ^ gelatinous solid, was 

-7 extracted with ether, the ethereal solution 

givin,, an oil on evaporation which, on distillation under 30 mm 
pressure, gave 13 grams of an oil boiUng at 195°;; this proved to be 

m,yl or^ano-^^opropylghaamte, CO2Et-OH(0J!T)-0HPr3-OH„-0O Et 
Un analysis : ^ '^^ 2 -*-'“* 

0;2216ga^ 0-4989 00^ and 0-1618 H^O. 0 = 61-43 ; H=8-12. 
requires 0 = 61-17; H = 8-23 per cent. 

^ ef oil separated, which 

ter extraction was found to weigh 10 grams. On distillation under 

^ee distillations passing over as a mobile oil boiling at 234° under 

0-2113 gave 0-5060 00, and 0-1731 H,0. 0= 65-31 ; H = 9-10. 
^10^170,17 requires 0 = 65-57; B;= 9-29. 

only 3 hours 

oT^ettvf t’ quantities being used, yielded only a trace 

of diethyl ester, but 30 grams of ethyl hydrogen salt. 

hydrolysis qf the Diethyl Uster. 

the^^?f ““ dissolved in methyl alcohol to 

^moitity of a crystalline potassium salt separated ; 

“etbyl aleohol, dis^lved rwater 
b^n r *^® “ethyl alcohol had 

sulnhafa 7^®^f°^“tion OH acidifying, saturating with ammonium 

yielded a liquid substance which 
^ ^ ^ minutes with concentrated hydrochloric acid 

crystals of ^■isopr<pylglutarimide, CHPr<®<^j| 2 ‘^^ 3 Sj-H'^ tjiig 
separating from hot water in glistening plates meltLg at 120°. 

0-3036 gave 24-2 C.C. nitrogen at 20° and 766 mm. 17 = 9-03. 
^sHisO^lSr requires N = 9-07 per cent. 
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The sUmr salt is obtained as a white, crystalline precipitate on add- 
ing a solution of silver nitrate to a slightly alkaline solution of the 
imide. On analysis : 

0'2913 gave 0*2085 AgBr. Ag- 40*97. 

CgH^gOgNAg requires Ag = 41*13 per cent. 

p-IsopropylghjbtariG acid, OOgH* CHg' CHPr^ • CHg* CO2H, 

can be prepared either by hydrolysing the pure imide with a 60 per 
cent, solution of sulphuric acid, the operation usually being finished 
after heating for 2 hours on** the sand-bath, or by heating the imide 
in a sealed tube with concentrated hydrochloric acid for 6 hours at 
150°. In both cases, the acid can be obtained on extracting with ether. 
It separates from water in needles, and melts at 100°. On analysis : 

0*2081 gave 0*4198 COg and 0*1524 H^O. 0 = 55*02 ; H = 8*12. 

C3H14O4 requires 0 = 55*17 ; H = 8*04 per cent. 

The aTikydride, is obtained as a liquid on 

treating the acid with excess of acetyl chloride for 2 hours on the water- 
bath. It boils at 171° under 30 mm, pressure. 

0*2134 gave 0*4839 00^ and 0*1442 HgO. 0=61*85 ; H = 7-51. 

CgHj^Og requires 0 = 61*54 ; 11 = 7*69 per cent. 

^-IsopropylghitaranUic acid^ Cgllg-NH'OO'OHg'OHPrfi'OHg^OOgH, 
is precipitated when benzene solutions of aniline and the anhydride 
are mixed together. It crystallises from alcohol in colourless, lustrous 
plates, melts at 121°, and dissolves in sodium carbonate solution. On 
analysis : 

0*1608 gave 7*5 c.c. nitrogen at 22° and 765 mm. N = 5*68. 

Oi^HjgOgN requires Ns 5 *62 per cent. 

Action of Methyl Iodide on the Sodium Compound of the 
Condensation Product 

Since the object in this case was to produce the methyl derivative, 
the reaction product was heated for only 3 hours on the water-bath 
before excess of methyl iodide was gradually added, and the heating 
continued for 6 hours. On adding water, extracting with ether, and 
removing the ether by evaporation, a thick, yellow oil remained, which 
boiled at 180 — 183° under 19 mm. pressure, and consisted of ethyl 



C02Efa(CN)(0H3)-0HPr^-0H2-C02Bt. 
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0*2950 gave 0*6741 CO^ and 0*2240 H^O. C - 62*35 ; H = 8*44. 

O 14 H 23 O 4 N requires 0 = 62*45 ; H = 8*55 per cent. 

On adding an equal weight of potash dissolved in methyl alcohol to 
this ester, hydrolysis at once ensues with evolution of heat, and at the 
same time a copious precipitation of a crystalline potassium salt takes 
place. This salt can be separated by filtration and purified by washing 
with methyl alcohol, when it is obtained as a slightly yellow, crystal- 
line solid, evidently consisting of potassium a-cyano*a-inethyl-jS-iso- 
propylglutarate. 

0*9814 gave 0*6012 K^SO^. E:« 27*46. 

OioHjgO^NKg requires K = 26*99 per cent. 

The salt is extremely soluble in cold water, 

a-Methyh^-isop^opylglutarimid^^ 

On acidifying the concentrated aqueous solution of the potassium 
salt with hydrochloric acid and extracting with ether, a solid consist- 
ing of the dibasic cyano-acid is obtained on evaporation. On boiling 
this with concentrated hydrochloric acid for 1 hour and again 
extracting, an ethereal solution of the imide and the ^mws-acid is 
obtained, which can be freed from the <m?is-acid by shaking with a 
dilute solution, of sodium carbonate, the imide remaining in the 
ethereal solution, frqm which it can be obtained on evaporation. The 
end point of this reaction, that is to say, the point at which it can be 
safely assumed that all the cis-amic acid formed during the hydrolysis 
has been converted into imide and all the ^rans-amic acid hydrolysed 
to trans'&cidy is usually that point at which the evolution of carbon 
dioxide ceases, 

a-Methyl-jS-isopropylglutarimide crystallises from water in colourless 
needles and melts at 114 — 115^. On analysis : 

01438 gaye 10^5 c.c. nitrogen at 14^ and 766 mwa. N 
CgHigOgJT requires N«!8*28 percent. 

The silver salt is precipitated as a white, crystalline pbwdmr on adding 
a solution of silver nitrate to a slightly alkaline solution of the imide. 
On analysis : 

0*3001 gave 0*2042 AgBr, Ag = 39*10. 

C^Hj^OglSTAg requires Ag=! 39*04 per cent. 


3 T 
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, 

Qi^-a-Methyl-^-iso^opylglutaric Acid^ 

C02H*0H(0Hs)-CHPr^‘CH2-C02H. 

The cis-acid is best prepared by hydrolysing the imide with 50 per 
cent, sulphuric acid, the reaction being complete after boiling for 3 
hours on the sand-bath. On cooling and extracting with ether, a solid 
acid remains on evaporation, which separates from hot water in 
glistening plates melting at 137° On analysis : 

0'1421 gave O'SOOl GO^ and 0^080 HgO. C-57-57 ; H = 8*44. 

C 9 H 35 O 4 requires O = 57’45 ^ H = 8'61 per cent. 

The sUmr salt is a white amorphous powder. 

0T471 gave 0*0783 Ag. Ag = 53*23. 

CgHj^O^Agg requires Ags=53*64 per cent. 

The anhydride^ q q^O. — O n boiling the cts-acid 

with acetyl chloride, it slowly dissolves with evolution of hydrogen 
chloride, and if the solution is evaporated to dryness after boiling for 
1 hour on the water-bath, a solid residue remains. This is insoluble 
in sodium carbonate solution and crystallises from light petroleum 
(b. p. 40 — 60°) in glistening plates melting at 44° On analysis : 

0T445 gave 0*3308 GOg and 0*1068 HgO. 0 = 62*41 ; H« 8 * 21 . 

C 9 H 34 O 3 requires 0=62*35 \ H = 8*24 per cent. 

tTBJXB'^'Methyl-^^opropylglutaHc aeid^ 

COgH* OH(GH3)-OflPr/3- GHg- GOgH. 

The solution obtained from the hydrochloric acid hydrolysis by 
extracting the ethereal extract with sodium carbonate gave a solid 
acid on acidifying, saturating with ammonium sulphate, extracting 
with ether, and removing the ether by evaporation. When recrystal- 
lised from water, this acid melted at 101 °, and at first was thought to 
be ^-isopropylglutaric acid, due to the presence of non-methylated ethyl 
ester in the product. Its properties, however, were found to be very 
different from those of jS-isopropylglutaric acid, for not only were the 
crystalline forms of the acids different, but the acid melting at 101 ° 
yielded no anhydride on treatment with acetyl chloride, and further, 
could be completely converted into m-a-methyl-^-isopropylglutaric 
anhydride on heating with acetic anhydride in a closed tube. On 
analysis; 

0*1332 gave 0*2794 OOg and 0*1030 HgO. 0 = 57*25; £[ = 8*59. 
6*1878 „ 0*3942 002 „ 0*1437 HgO. 0 = 57*25; H = 8*50. 

^ 9 ^ 16^4 requires 0=57*46 ; H = 8*51 per cent. 
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The conversion of the cis- into the ^ra^^ 5 -form is partially effected by 
heating the czV-acid in a sealed tube with concentrated hydrochloric 
acid for 6 hours at 180° The acids can be separated by repeated 
recrystallisation from water. 

The conversion of the cis~ into the ira92^-form is completely brought 
about by heating the ^r« 9 w-acid with acetic anhydride in a sealed tube at 
150° for 4 hours. On evaporating the product and boiling with water, 
the cis-SLcid melting at 137° separates on cooling. 


II. Condensation of Ethyl orM ethyl acrylate with Ethyl 
Sodiocyanacetate, 

Ethyl a-methylacrylate is best prepared by the action of diethylaniline 
on ethyl a-bromisobutyrate. The bromo-ester (50 grams) is boiled 
with diethylaniline (75 grams) for 3 hours on the sand-bath. After 
cooling, ether is added, and the solution filtered with the aid of a 
pump, care being taken to thoroughly wash the diethylaniline hydro- 
bromide with ether. The ethereal solution is then quickly shaken 
with dilute hydrochloric acid solution to remove excess of diethyl- 
aniline, and, after drying and distilling, fractionated. The clear, mobile 
liquid which passes over between 117° and 120° consists of pure ethyl 
a-methylacrylate ; it must be at once used, however, since on standing 
it slowly polymerises to a white, transparent substance resembling 
gelatine. 

The largest yield of this ester was obtained by this method, but it 
in no case exceeded 28 per cent, of the theoretical. 

Condensation of Ethyl a-Methylocrylate with Ethyl Sodiocyanaoetate, 

This condensation, in which the usual equivalent proportions of the 
constituents were used, was found to take place with great ease, con- 
siderable heat being evolved oii adding the unsaturated ester to the 
alcoholic sodium impound. After heating for 1 hour on the 
water-bath^ the product was worked up in the usual manner, and 
found to insist ahhost entirely df ethyl hydrc^en salt, which, on dis- 
tillation under ordinary atmospheric pressure, lost carbon dioxide and 
passed into 

a mobile liquid boiling at 210°. On analysis ; 

0-2810 gave 0-6358 OOg and 0*2076 HgO. 0 = 61*71 ; H-8-21. 

CgHi 302 lI reqtdres C;=6i*93; H =s8'39 per cent. 

On boiling this nitrile with 60 per cent, sulphuric, it Is converted, 
after heating for 3 hours, into a-methylglutcmc add^ 

COgH-OHg- CHg- 0H(CH3)-C02H, 


3 T 2 
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melting at 76° (Wislicenus and Limpach, Annale^h 1878, 192, 134). 
On analysis : 

0^2701 gave 0^4872 GO^ and 0’1631 HgO. 0 = 49-20 j H = 6*71. 
OqHjqO^ requires 0 = 49*31 ; H = 6*84 per cent. 

III. Condensation of Ethyl ^-Methylacrylate with Ethyl 
Sodiocyanacetate. 

Ethyl jS-methylacrylate can be prepared in the usual way by 
boiling a mixture of 50 grams of ethyl a-bromobutyrate and 75 grams 
of diethylaniline on a sand-bath for 12 hours, and since this ethyl 
salt shows no tendency to polymerise on standing, no special pre- 
cautions are necessary in working up the product. 

Ethyl ^-methylacrylate does not condense so readily with ethyl 
sodiocyanacetate as the corresponding a-compound, 6 hours heating on 
the water-bath being necessary to produce the maximum quantity of 
ethyl hydrogen salt, the yield of this substance, as in the former cases, 
being dependent on the duration of heating. 

On distilling this ethyl hydrogen salt under the ordinary pressure, 
carbon dioxide is evolved, and it is converted into ethyl y-cyano- 
fi-mothylbutyratey 0N*0H2*CH(CH3)*CH2«C02Et, a mobile liquid 
boiling at 205° On analysis : 

0-2135 gave 0*4839 COg and 0*1572 HgO. 0 = 61*81 ; H = 8*18. 
OgHjgOglT r^uires 0 = 61*93 ^ H= 8*39 per cent. 

When hydrolysed with 50 per cent, sulphuric acid, the nitrile is 
converted after 6 hours boiling into p^thylylutaric acid, 

melting at 86° (Auwers, Kobner, 
and von Heyenburg, 5er,, 1891, 24, 2888). On an^ysis : 

0*1956 gave 0*3526 COg and 0*1185 HgO. 0 = 49*17 ; H = 6*73. 
O0 HjqO 4 requires 0=49*31 ; H = 6*84 per cent. 


IT. Condensation of Ethyl ^-Methylacrylate with Ethyl Sodio- 
cyanacetate and subsequent Treatment with Methyl Iodide, 
[With H. A. Neale.] 


As explained in the general introduction (p. 932), the object of this 
experiment was to prepare synthetically os-aa-dimethylglutaric acid, 
002?[*0(CH3)2*0H2*CH2*C02H, which is of importance, since it bears 
upon the constitution of camphor. It was found, however, that the 
reiieMon between unsaturated esters and ethyl cyanacetate did not 

the product obtain^ consisted en- 
l^qf ihe symmetrical aa-dimethylglutaric acids, 
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The details of the condensation between ethyl sodiocyanacetate 
and ethyl ^-methylacrylate have already been given (p. 948). It was 
found that the length of time during which the condensation mixture 
must be heated to produce the maximum quantity of ethyl hydrogen 
salt was 6 hours ; hence on treating the product after this time with 
excess of methyl iodide, a corresponding quantity of ethyl a-eycmo- 
aa-dimethylglutaratey COgEt* 0(CN)(CH3)*CH2* 0II(0H3)*C02C2H5, was 
obtained on working up the product. This ester boils at 181 — 185° 
under 30 mm. pressure. On analysis : 

0*2214 gave 0*4839 COg and 0*1531 HgO. 0 = 59*61 ; H = 7*69. 

^12^19^4^ requires 0 = 59*75; H = 7*88 per cent. 

On hydrolysis with an equal weight of potash dissolved in methyl 
alcohol, the ester is converted into a ^iaseivm salt, evidently that of 
the dibasic cyano-acid, which can be separated by filtration and 
purified by washing with methyl alcohol. On analysis ; 

0*5134 gave 0*3611 KgSO^. K = 31*53. 

O7H9O4KK2 

This salt, when its solution in water was acidified and extracted 
with ether, yielded a solid substance, which was not further purified 
but directly treated with concentrated hydrochloric acid. Oh boiling, 
a considerable quantity of carbon dioxide was evolved, which ceased 
after the heating had been continued for 1 hour. The solution was 
then extracted with ether, and the ethereal solution shaken three 
times with a dilute solution of sodium carbonate. On evaporating the 
ether, a solid remained which separated from hot water in long needles 
and melted at 173°, evidently consisting of oa'-dimethylglutarimide, 

(Auwers and Thorpe, Arm<dm, 1895, 285, 

315). On analysis: 

0*1885 gave 16*4 c.c. nitrogen at 17° and 749 mm. K = 9*96. , 
requires H = 9*93 per cent. 

The imide on hehting for 2 houiB Mth 50 per cent, shlphturic acid 
completely hydrolysed, yielding acid, w 

separated from water in heedleeand melted at 127—128°. On analysis : 

6*2237 gave 0*4295 OOg and 0*1172 HgO. 0 = 52*38 ; H = 7'47. 

0yHj204 requires O = 52*60 ; H = 7 50 per cent. 

On treatment with acetyl chloride, the acid yielded an anhydride 
which separated from light petroleum or ethyl acetate in plates and 
melted at 94 — 95°. On analysis : 

0*1950 gave 0*4212 OOg and 0*1223 HgO. C = 58*91 ; H = 7*00. 

O^Hj^Og requires 0 = 58*89; H=fi*97 per cent. 
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The sodiiun carbonate washings from the ether extract of the pro- 
duct of hydrolysis of the cyano-ester gave nearly pure trans-aa- 
dimethylglutaric acid on acidifying and extracting with ether. The 
acid separated from hot water in needles and melted at IdP. On 
analysis: 

0'2170 gave 0*4171 OOg and 0*1503 HgO. C« 52*49 j H = 7'63. 
requires 0 = 52*50 ; H = 7*50 per cent. 

The acid gave no anhydride on treatment with acetyl chloride. 

The Oweks Colleob, 

Manohestbe. 


LXXXIV. — The Persulphiiric Acids.^ 

By T. Martin Ijowry, D.Sc., and John H. West. 

Much attention has been paid during the past two years in the 
Chemical Department of the Central Technical College to the study of 
the behaviour of solutions of sulphuric acid on electrolysis, as well as 
to the manner in which solutions of ^ persulphuric ' acid undergo 
hydrolysis. This work has been undertaken in order to elucidate the 
part which ^ persulphuric ’ acid plays in the accumulator (compare 
Armstrong and Robertson, Ftoc. E. ,6'., 1891, 50^ 105), and to ascer- 
tain to what extent the production of this acid must be taken into 
account in discussing the electric conductivity of solutions of sulphuric 
acid, as well as in determining the origin of the products such solu- 
tions yl^d when electrolysed under various conditions (compare 
Bzemd^tM Address^ Trans., 1895, ^ 1166). 

In the couise of the inquiry, it became necessary to repeat and ex- 
tend Berthelot’s ob^rvations on the interaction of hydrogen peroxide 
and stiiphuric acid (Am. C\im, P%s., 1878, [v], 14^ 345), 

The experiments have led to results which appear to have an impor- 
tant bearing on the interpretation of the nature of the product formed 
by the interaction of sulphuric acid and potassium persulphate, which 
Caro {Z^, av^ew, Ghem^y 1898, 845) has shown to be possessed of 
special properties, and which Bamberger and von Baeyer and Villiger 
have recently made use of as an osddising agent under the name of 
^Ctero^s reagent.’ 

Yon Baeyer and Yilliger have suggested that the acid characterised 
hy Cteco is a persulphuric acid composed of hydrogen peroxide and 
. anhydride in the ratio HgOgiSOg. The experiments de- 

Ip the following pag^ appear to favour the conclusion that 
studies, th^ Ohemical.Dept., C.T«C. ■ 
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its composition may be £[ 302 : 4803 , whilst the acid, of which salts 
were first prepared by Marshall, is of intermediate composition, 
HgOg : 2 SO 3 . The members of such a series of persnlphuric acids may 
be provisionally distinguished as ^persnlphuric,* ' perdisulphuric,* 
and ‘ pertetrasulphuric * acids. 

The substance analysed by Berthelot in 1878 was the anhydride, 
^ 2 ^ 7 * he obtained by combining oxygen with either of the lower 

oxides of sulphur by means of the electric discharge. He assumed 
that the corresponding acid was formed on dissolving this anhydride 
in water, and as he found that when moderately concentrated solutions 
of sulphuric acid were electrolysed they acquired properties similar to 
those possessed by solutions of the anhydride SgO-j., he came to the 
conclusion that the same acid is formed during electrolysis. The cor- 
rectness of this assumption was apparently placed beyond doubt by 
the discovery made by Marshall in 1891 of a series of well-defined 
salts derived from the anhydride ; at all events, it has not been 
called in question up to the present time. 

It was expressly pointed out by Berthelot in his ori^nal paper (foe. 
cit.) that persulphuric acid “se forme egalement, toujours A F^tat 
dissous, lorsqu'on melange aveo precaution et en 4vitant toute eleva- 
tion de temperature une solution d*eau oxygen 6 e avec Tacide sulfurique 
soit concentre, soit etendu d*une quantite d’eau inferieure k 1 equiva- 
lent. Mais la combinaison n*a point lieu quand Facide sulfurique est 
etendu Tavance de 2 equivalents d’eau, ou davantage. Dans tons 
les cas, elle demeure partielie, c*esfc'A-dire qu*il subsiste une portion de 
Feau oxygenee.” 

It will be noticed that in this passage he states that the peroxida- 
tion is confined to acids containing but a very small proportion of 
water. In a later paper, he discusses the formation of persulphuric 
acid on electrolysing solutions of sulphuric acid of various degrees 
of concentration, and also makes frequent reference to the produc- 
tion of hydrogen peroxide both during electrolysis and as a product 
of the decomposition of persulphuric acid; but he nowhere recog- 
nises that the propOTtions in which the two compounds are fojbmed 
are in any wa^ interdependent. In jfo,ct, in concluding his paper 
{Ann, Ghim, 1880, [v], 21, 193), he remarks, Oette formation 
d*eau oxyg4n4e ne parait pas due k une reaction lente de Feau contenue 
dans les liqueurs et k un iquilibre resultant entre ks deux compost 
suroxyg4n4s, comme on aurait pu le penser d*abord. En e^et, la 
liqueur dilute avec 20 volumes d'eau, et qui s*est conserves presque sans 
variation pendant neuf jours (98 mgr, reduits k 90 mgr.), n*a donn4 lieu 
^ aucune formation appreciable d*eau oxyg^nee. 

“La formation de Feau oxygen4e est done simultanee avec la de- 
composition lente de Facide persulfurique, EUe en est probable- 
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raent correlative, comme nous I'avons deje, admis plus haut pour 
rendre compte de sa formation par electrolyse.” 

Our experiments, however, lead us to conclude that in a system 
comprising ^ persulphuric acid ’ and hydrogen peroxide together with 
sulphuric acid and water, there is a definite state of equilibrium be- 
tween the two peroxidised products, and that under constant conditions 
the ratio of hydrogen peroxide to ^persulphuric acid’ is entirely de- 
termined by the ratio of water to sulphuric acid ; the ratio of 
hydrogen peroxide to * persulphuric acid ’ is therefore ultimately the 
same in a mixture prepared from hydrogen peroxide and sulphuric 
acid as in a solution of equal strength prepared by electrolysis. 

Experimental Method, — ^The method used in determining the ratio 
of hydrogen peroxide to * persulphuric ' acid was that used by 
Berthelot, and depends on the fact that whilst potassium perman- 
ganate is reduced by hydrogen peroxide, it is not affected by * per- 
sulphurie acid,’ and that the latter readily oxidises ferrous sulphate 
to ferric sulphate. In dilute solution at low temperatures, ^ per- 
sulphuric’ acid is very stable, and is not decomposed to any appreciable 
extent, either into sulphiiric acid and oxygen, or into sulphuric acid 
and hydrogen peroxide; a mixture containing about 10 volumes of 
water to 1 volume of sulphuric acid was found to be stable at 0®, no 
change being perceptible in the amount of hydrogen peroxide or of 
Vpersulphuric acid ’ after a week. In analysing the solutions, it is 
necessary that the acid should be rapidly diluted, and that my heating 
should take place during .the dilution; if this condition is not 
fulfilled, the equilibrium is disturbed, and the proportion of ^ per- 
sulphuric acid is lowered accordingly. S'or this reason, the acid 
inlxtcTO was slowly delivered from a pipette on to an excess of ice, 
so thai the lemi^rattire fell l^loW 0 ^ during the- dilution. Special 
cBxe was necessary in the <atse of acids containing less than one 
equivalent of water; those were poured directly on to a large quantity 
of ice without any attempt at measuring the volume of the mixture, 
and portions of the diluted mixture were then titrated. After 


diluting, the hydrogen peroxide was first estimated by running in 
potassium permanganate from a burette until a permanent coloration 
was produced. When only a small amount of hydrogen peroxide was 
present, it was found to be advisable to add a few drops of a solution 
of manganese sulphate, as otherwise the first drop of potassium per- 


manganate i>roduces a pink coloration, which persists for some time 
ih ice-cold solution, and there is a danger of overlooking the 
perQxi^0 inlera^ion of hydrogen perox^e 

appems to belong to the dose of 
presence of u caicdytic argent. After 
|;"^irbgen perbxM^ the acid was esti- 
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mated by adding an excess of ferrous sulphate solution^ and titrating 
back in the usual way. 

It was soon found that the ratio of ' persulphuric ’ acid to hydrogen 
peroxide was very largely influenced by minute differences in the 
proportions of sulphuric acid and water, and that any error in the 
estimation of the sulphuric acid would be reproduced five-fold in the 
persulphuric ratio. It was therefore necessary to take special pre- 
cautions in standardising the sulphuric acid and in preparing the 
acid mixtures. It was, in fact, desirable that the value of the acid 
should be known, if possible, within 0*02 per cent., and this high 
degree of accuracy could only be obtained by determining the density 
(compare Pickering, Trans., 1890, 57, 64 j Marshall, J, Boc. Ghem, 
Ind,^ 1899, 18, 6). In all the later experiments, the acid used was 
drawn off by a siphon from a bottle containing about seven litres, and 
measured out from a repeating burette into flasks fitted with a rubber 
stopper and drying tube, the acid in the bottle and burette being also 
protected by drying apparatus. To determine the density, 10 c,c. of 
water were run into a dry flask and carefully mixed with about 80 
grams of the acid from the repeating burette ; the flask, water, and 
acid were weighed to 0*001 gram, and the density of the mixture was 
then determined at 18® relatively to water at 18®, with the aid of a 
density tube about 5 e.c. in capacity. The concentration of the 
diluted acid could be deduced to within 0*01 per cent, from the table 
given by Marshall, and it was easy to calculate the concentration of 
the original acid from the value so found. As showing the accuracy 
of the method, the six valtxes determined in the case of the acid used 
in the last series of experiments may be quoted, namely, 93*70, 93*81, 
93 66, 93*78, 93*76, 93*76, mean value 93*75, mean error 0*04. 

The mixtures to be titrated were prepared in a similar way, but 
20 c.c. of hydrogen peroxide (20 vols.) were taken in place of the 
waiter y and the weighings were made to 0*01 gram only j the flasks 
containing the mixtures were closed by rubber stoppers each fitted 
with a tube di^wn out to a minute capillary, in order to allow of the 
escape of oxygen, whilst preventing the entrance of moisture. In 
making the weaker mixtures, 40 c.c. of a dilute hydrogen peroxide 
solution was used, whilst In the case of those of higher concentration 
5 c.c. of a **50 volume” hydrogen peroxide * was taken, in order to 
diminish the quantity of acid required, and so as to lessen the danger 
due to heating during the dilution, which has already been referred 
to. Commercial hydrogen peroxide always contains a considerable 
quantity of chlorine, which is given off on mixing it with sulphuric 
acid; the greater part of this may be removed by adding silver 

* We were indebted for this to Mr. Tyrer, who had kindly prepared it at Dr, 
Armstrong’s request. 
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sulphate, but it has been found to be necessary to leave a trace of 
chlorine in the solution, as the merest trace of silver suflSces to render 
the acid mixtures so unstable that they lose the whole of their 
oxidising power in the course of a few hours. 

Temperature does not appear to have any very marked influence on 
the equilibrium; a mixture which was examined to test this point 
gave 61*2 per cent, of persulphuric oxygen at 35*^ and 62*4 per cent, 
at 18°. 

The rate at which the equilibrium is reached is very largely in- 
fluenced, by the concentration of the acid ; in fact, it would seem that 
a state of equilibrium is only established when it is present in large 
exce^; this case appears to be analogous to that of the two iso- 
dibutylenes described by Butlerow {Annalen^ 1877, 189, 44), which 
undergo isomeric change, and come to a state of equilibrium only in 
presence of strong sulphuric acid. In the case of the more concen- 
trated mixtures, the equilibrium is very rapidly reached, and there is 
little difficulty in obtaining trustworthy measurements, but in the less 
concentrated solutions the change takes place only slowly, and it 
becomes increasingly difficult to obtain concordant results. 

To ascertain whether the same equilibrium could be arrived at by 
starting from persulphuric acid in place of hydrogen peroxide, a 
mixture of sulphuric acid and water was electrolysed in a divided 
cell, and a number of acid mixtures were prepared, using the anode 
acid in place of the hydrogen peroxide of the preceding experiments. 
A portion of the anode acid was deeompo^ by warmii^ with 
platinum foil, and standardised by determining its d^ity in the 
usual way^ Owmg ^ the additions^ sources of ertor thus introduce, 
these detepaiinati less trustworthy than those depending on 

tiiaa of hydrc^en peiw^ obtained show a satis- 

factory agreement with the calculated values, as will be seen on re- 
ferring to Table 1, in which the mixtures prepared from electrolytic 
acid are marked with an asterisk. 

A single experiment was also made, in which a solution of com- 
mercial ‘ammonium persulphate’ was used in place of hydrogen 
^roxide. The percentage of ‘persulphuric oxygen’ was found to 
be 90*9 when ammonium persulphate solution was used, and 90’7 
in a comparison experiment with an equal volume of hydrogen 
peroxide. 



955 


LOWEY AND WEST: THE PEESULPHURIC ACIDS* 


Table I. — Equilibrium between Sydrogen Peroxide and ^Persulphuric ’ 
Acid in presence of Sulphuric Acid and WaUr at 18°. 


Sulphuric 

acid 

per cent. 

Sulphuric 

acid 

mols. per 
cent 

Formula of 
acid 

H 2 SO 4 } 72»B[2^ • 

Persulphuric oxygen 
per cent 

h. 

^ 2 * 

Obs. 

Calc. 

Diff. 

88-65' 

58*93 

0*6968 

96*5 

98*2 

-1*7 



87*0 

65*2 

0*8136 

95*6 

96*2 

-0-6 



*86-86 

53-71 

0*8698 

94*4 

95*4 

-1*0 



85*59 

52*17 

0*9169 

93*1 

94*2 

-1*1 



*84-66 

50*36 

0*9858 

92-7 

92*4 

+ 0*3 



84*5 

50*0 

1*0000 

92*2 

91-7 

+ 0*5 



84*15 

49*31 

1-028 

92*2 

91*2 

+ 1*0 



82*9 

47-4 

1*122 

88*9 

88*1 

+ 0*8 



•82-81 

46-97 

1*129 

87-6 

88*0 

-0*4 

11*48 

10*68 

82*31 

46-07 

1*170 

86*8 

86*3 

+ 0*5 

12*37 

11*61 

81-7 

45*0 

1*219 

86*3 

84*3 

+1*0 

12-76 

11*83 

80 -7S 

43*52 

1*298 

80*3 

80*9 

-0*6 

11*6 

10*48 

80*48 

43*12 

1*319 

80*2 

79-9 

+0-3 

12*55 

11*13 

80*46 

43*08 

1*321 

79-2 

79-8 

-0*6 

12*0 

10*89 

80*08 

42-47 

1*355 

78*4 

78-3 

+ 0*1 

12-25 

11*07 

80*06 

42*43 

1-357 

77-8 

78-2 

-0*4 

11*89 

10*74 

79-9 

42*2 

1*370 

77*6 

77-6 

+ 0*1 

12*22 

11*04 

79*69 

41-87 

1*888 

76-6 

76-6 

0 

1217 

10*95 

79-60 

41*75 

1-395 

76*0 

76-3 

-0*3 

12*01 

10*76 

79*45 

41*52 

1*409 

75-6 

75-6 

0 

1219 

10*95 

78-96 

40*82 

1*450 

73-2 

78-5 

-0*3 

12*08 

10-77 

78-52 

40*20 

1*488 

71-3 

71-6 

-0*3 

12*19 

10*79 

78-5 

39*9 

. 1*504 

70-7 

70-8 

-0*1 

12*32 

10*90 

78-04 

39*42 

1*537 

69*5 

69*0 

+ 0*5 

12*72 

11*24 ^ 

78-01 

39*39 

1*539 

68-8 

68*9 

-0*1 

12*31 

10*81 

77-57 

88*91 

1*574 

66*8 

67*1 

-0*3 

12*24 

10*78 

77-20 

38*36 

1*607 

65*0 

65*4 

-0*4 

12*38 

10*75 

76-91 

37*95 

1*635 

64*3 

63*9 

+ 0*4 

12*88 

11*20 

78-91 

37*95 

1*635 

63*9 

63*9 

0 

12*63 

10*94 

76-67 

37*64 

1*657 

62*6 

62*7 

-0*1 

12*63 

10*89 

76-63 

87*45 

1*670 

62*4 

62*1 

+ 0*3 

12*92 

11*20 

76-44 

37*36 i 

1*677 

61*8 

61*7 

-0*4 I 

12*60 

10*74 

76-08 

36*86 

1*714 

59T 

59*8 

-0*7 

12*46 

10*62 

76-68 

36 *33 

1*763 

57*9 

57^7 

+ 0*2 

13*01 

11*08 

75-48 

36*10 

1*770 

56*1 

; 56*9 

-0*8 

12*66 

10*58 

75-18 

85*74 

1*798 

55 '5 

■ 65*4 

+0T 

13*00" 

11 *00 

74-9 

36*46 

1*820 

' 64*6 

54*3 

+0*3 

13*18 

11*09 

74-71 

36*20 

1*841 

62*8 

63*2 

-0*4 

12*56 

10*73 

74-51 

34*93 

1*863 

62*6 

62*2 

+ 0*3 

13*33 

11*14 

*74-37 

34*77 

1*876 

50*8 

61*6 

-0*8 

12*78 

30*67 

73-84 

34*14 

1*929 

49*6 

49*0 

+ 0*6 

13*58 

11*24 

73-88 i 

34*13 

1*931 

48*0 

48*9 

-0*9 

12*86 

10*60 

73-18 

33*41 

1*993 

45*8 

46*1 

-0*5 

13*22 

10*71 

71-19 

31*21 

2*204 

38*0 

37*3 

+0*7 

14*50 

11*43 

71-15 

31*18 

2*207 

37*4 

37*2 

+ 0*2 

14*17 

11 *09 

71-12 

31*15 

2*210 , 

36*7 

37*0 

-0*3 

13*87 

10*80 

70-48 

30*60 

2*279 

35*1 

34*6 

+ 0*6 

14*61 

11*60 

70-81 

30*31 

2*299 

33*7 

33*8 

-0*1 

14*16 

10*81 

69-06 

29*07 

2*440 

28*4 

29*3 

-0*9 

14*07 

10*32 
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Table l.'^MquUihrium between Hydrogen Peroxide and ‘ Persulphuric * 
Acid in presence of Bulyliuric Acid and Water at 18® (continue). 


Sulphuric 

acid 

per cent. 

Sulphuric 

acid 

mols. per 
cent. 

67-45. 

28-03 

66-56 

26-77 

66-64 

26-00 

60-95 

22-28 

64-93 

20*52 

46-72 i 

13-40 



h. 

^2* 

15-00 

10-84 

15 '82 

10-96 

15-81 

10-71 


In Table I, the percentage composition of the acid is given in column 1, 
and the molecular percentage composition in column 2. In calculating 
these values, the hydrogen peroxide solution has been reckoned as 
waterj and no attempt has been made to make any correction for the 
small weight of active oxygen which it contains. In column 3, the 
number of molecules of water per molecule of the acid is tabulated as 
the formula of the acid Column 4 gives the percentage 

of the total active oxygen present in the form of ‘persulphuric oxygen ^ 
(that is, indifferent to potassium permanganate). 

In the figure, the percentages given in column 4 are plotted as 
abscissm, whilst the percentages in columns 1 and. 2 are the ordinals 
in the curves (p. 96T) marked III and IT; respectively. 

It will be noticed that the conversima of hydrogen peroxide into 
* persuiphuric ’ acid, and wee mrm, takes place for the most part 
within vary narrow limits of concentration ; thus, on increasing the 
strength of the acid from 70 to 80 per cent., the proportion of ‘ per- 
sulphuric oxygen ’ increases from 31 to 78 per cent., an increase of 
47 per cent, in the proportion of * persulphuric ’ acid for an increase 
of only 10 per cent in the strength of the sulphuric acid. The same 
fact is illustrated by the proportions of ‘persulphuric oxygen’ cor- 
responding to the hydrates of sulphuric acid, namely : 


HgSOijHgO 92 per cent. 

H2S04,2H20 46 „ 

H^0^,3H20 17 „ 

H^0^4H2O 7 „ 

this tabie^ it appears that 85 per cent, of the change takes 
the and H2S0^,4H20 ^ above 

tod below ; the change is virtually 
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OurmB showing the eqmUhrmm hetioeen hydrog&n peroddde and * persidphuric 
acid ’ in presence of sulphuric add and water. 

Hydrogen peroxide {per cent,). 



0 10 20 80 40 60 60 70 80 90 100 


Fersulphuric oxygen {per cent,), 

Fimn q^ ihe EquiHiH^ — ^The equilibrium curve for the 

system-HSulphuric acid, water, ^ persulphuric ' acid, hydrogen pe3^ 
ozide^is extremely similar to that corresponding with the simple 
quartic equation 



where Cj, represent the relative molecular proportions of the ‘ per- 
sulphuric' acid and hydrogen peroxide, whilst represent the 
molecular proportions of sulphuric acid and water respectively. The 
two curves are so similar that on the small scale of the figure it would 
not be possible to represent them clearly by separate lines. If, how- 
ever, the values of h be calculated for each point, it is found that they 
steadily increase as the concentration decreases j this is clearly shown 


Water {per cent,). 
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in the table, in which the values of calculated on this basis, are 
given in column 7. 

The curve can, however, be represented with a very considerable 
degree of accuracy by the equation 



where = 0*63 and 10*96. 

The percentages, ~ — % calculated from this formula, are tabu- 
4 * % 

lated in column 5, and the differences between the observed and 
calculated values are given in column 6. It could hardly be expected 
that a simple algebraical expression should be found which would 
cover the wide range of chemical change involved in diluting the 
sulphuric acid from 100 per cent, to 0 per cent., but fortunately in 
this case the greater part of the change takes place within very narrow 
limits of concentration, namely, between 85 and 55 per cent., and the 
disturbances due to the changing nature of the acid are therefore 
largely avoided. Between the limits of 65 per cent, and 81 per cent., 
within which the percentage of * persulphuric * oxygen increases from 
19 per cent, to 81 per cent., the maximum error in the 40 observations 
is less than 1 per cent., and the average error is 0*33 per cent. 

In order to test the accuracy of the formula used, the value of >5;^ 
has been assumed to be 0*63 throughout, and the value of i&g then 
been calculated for each point on the curve j the values of t^us 
obtained are given in the last column of the table, and are extremely 
steady throughout the series. 

W<x4wre qf Ptod^uc^.— In di^ussing our results, no attention has 
thus far been psdd to the possible nature of the substances concerned 
in the equilibrium, and the algebraical formula arrived at is inde- 
pendent of any theoretical interpretation that may be given of the 
chemical change. It is now necessary to consider what this may be. 
The existence of a series of crystalline compounds containing sul- 
phuric anhydride and water in different proportions serves to suggest 
that there may be a series of * persulphuric * acids containing, different 
proportions of sulphuric anhydride and hydrogen peroxide. The inter- 
action of sulphuric acid and hydrogen peroxide may then be repre- 
sented by equations such as 


HgOg + + HgO 

+ 2H2SO4 HgSgOg + 2H2O 
4- 4 H 2 SO 4 = + 4H20, &c. 

^ tb the lAw of inaiss-action, the equilibrium between 
^ and the different ^p^olphuiic^ amds would be 
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^*^2% ~ or ^ 

®2 Oi 

- <hPi or li = 

^‘^2^3^ “= or —1 =5 , &c., 

^2 W 

•where Cj, Cj, 03, are the concentration of the four components of the 
system. 

If, as Berthelot supposed, the sole product of the action were a 
perdisulphurio acid' of the formula H^S^Og, the equilibrium must 
correspond with an equation of the second order, and would be repre- 
sented by an equUibrium curve similar to II in the figure, which was 
plotted rrom. the formula 



although this curve is similar in type to the experimental curve, it wUI 
M seeu that the reversal of curvature is much less pronounced. The 
effect of lowering the order of the equation is seen in curve I in the 
figure, which was plotted from the equation 




? %■ 
2 c/ 


in this curve, the reversal of curvature has entirely disappeared and 
the curve does not bear the slightest resemblance to the experimental 
curve. It IS therefore evident that the experimental curve must be 
represented by an equation of a higher, rather than of a lower, order 

B^eyer and Villiger, £«•., 
1900, 38, 124), which actually gives curve I in the figure, must 
therefore be rejected. b . =>- 

The experimental curve, however, approximates very closely to the 
curve deduced from an equation of the fourth order, such as 


S = 12-6/^') 
^2 


and assuming that the chief product of the interaction is a ‘ pemul- 
phunc «id of the series HA, «SOs, it is, evident that it must be 
the/o«r«A member, that is, its formula must be H 50 „, 4 S 0 « or O 
The mall, but sWdy, deviations of the exj^rimental curve from 
t^t deduced from the simple equation of the fourth order are in the 
direction of the curves of lower order, and serve to indicate that 
along with the acid H^Oj^ there is produced a much smaller amount 
+ 1 , the series, and it appears only fair to suppose 

IS the acid HjSA, which Berthelot assumed was alone 
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formed. The equation for an equilibrium between HgOg, H^SgO^, and 
would be of the form 



where Jc^ is the equilibrium constant for _^the ^ perdisulphuric * and 
that for the ‘ pertetrasulphuric * acid. Taking \ « 0*63 and 
A? 2 == 10*96, this equation gives results which agree very closely with 
the observed values for the equilibrium, and there can be little doubt 
that it represents the experimental data as closely as they can be 
represented by a simple algebraical equation. There is at present no 
method known by which the persulphuric acids may be separately 
estimated, but it will be of interest to record the calculated propor- 
tions of HgOg, HgSaOg, and H 2 S 4 ^ 0 j 4 in some of the mixtures. 


Table II. 


Composition of the acid. 

HjOj- 

ll2S20g. 

HJS 4 O 14 . 

- HaS04+ HjO 

7*9 

5*0 

87-1 

HjSOi+l-SOHjO 

29*2 

1 8*1 

62*7 

HjS04+1-99Hj0 

63*9 

8*6 

37*5 

HsS 04 + 2-57H40 

74*2 

7-1 

18*7 

H5jS04+S-49Hij0 

88-8 

4-6 

6-6 

H ^04 + 4-47Hs0 

94*4 

S’O 

2*6 

HaS 04 + 6-46Hs0 

98-0 

1-4 

0*6 


A qualitative test is, however, available for distinguishing the 
< perdisuiphates ' and ^ pertetrasulphates/ Oaro angm* 

1898 , 845 ) having shown that the ^ perdisulphates ’ produce a brown 
precipitate in a neutral solution of aniline, but that the neutral salts 
of the acid formed by the interaction of ‘ perdisulphates ' and sulphuric 
acid have the prop^ty of oxidising aniline to nitrosobenzene. On 
applying this test, it was found that a mixture of hydrogen peroxide 
with a large excess of sulphuric acid gave a considerable quantity of 
nitrosobenzene, but only a trace of the brown precipitate character- 
istic of the ‘ perdisulphates ’ j a mixture of hydrogen peroxide with 
an equal bulk only of sulphuric acid gave, however, a much more 
pronounced brown precipitate and only a small amount of nitroso- 


ben^ne. There can therefore be little doubt as to the presence of 
both ^perdisulphuric^ and * pertetrasulphuric * acids in the product, 


r^ative p^pc^tion of ^ perdisujphuric acid/ being greatest in the 

to sa^ that the conclusions we have arrived 

the nroduct : but 
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as Caro has stated that he is engaged in completing his discovery, we 
have not thought it right to extend onr experiments in this direction. 
We may mention, however, that solutions containing a very large 
proportion of the peroxidised acids may be obtained, nob only by 
electrolysing solutions of sulphuric acid, but also by mixing sulphuric 
acid with hydrogen peroxide, and then concentrating by freezing out 
the hydrate H 2 S 04 ,H 20 . 

If our conclusion be accepted, it will follow that the account given 
by Berthelot, and, in fact, by all who have studied the acid, applies 
to ‘ pertetrasulphuric acid ’ rather than to < perdisulphuric acid,' which 
appears under all conditions to be by far the minor product and the 
less stable, although its salts are more stable than those of ‘ pertetra- 
sulphuric acid/ The production of ‘ perdisulphates * on electrolysing 
solutions of acid sulphates, whilst solutions of sulphuric acid yield 
chiefly ‘pertetrasulphates,* is of interest as an indication that the 
electeolysis proceeds on very different lines in the two cases. 

Attention may also be directed to the fact that, inasmuch as the 
persulphuric acids are formed by the interaction of sulphuric acid 
and hydrogen peroxide, it is clear that the affinity of hydrogen per- 
oxide must be greater than that of water for sulphuric anhydride. 

In conclusion, the authors desire to express their thanks to Dr. 
Armstrong, at whose suggestion the research was carried out, and to 
whom they are indebted for much valuable help during the whole 
course of the work. 

Chemical Department, 

Central Technical College, 

Exhibition Road, London, S.W - 

[It is proposed to extend the method here described to the study of 
the peroxides of other acids. H. E. A.] ' ' 


LXXXV . — pimethyldiacetylacetoney Tetramethylpyrone^ 
and Orcinol Derivatives from Diacetylacetone. 

By J. N. Collie, and B. D. Steele, B.Sc. (Melbourne), 

1851 Exhibition Scholar. 

In a paper published last year (Trans., 1899, *75, 710), one of us showed 
how dimethylpy rone was capable of acting as a basic substance, form- 
ing salts with various acids, and the idea was put forward that oxygen 
under certain conditions could replace phosphorus, nitrogen, sulphur, 

voju LX.XVIL 3 x; 
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or iodine in basic organic compounds owing to its quadrivalence, ^hese 
compounds being supposed to be derived from tbe theoretical bases : 

SHgOH. OHgOH. IHgOH. 

r The present work was undertaken in order to see whether the pro- 
perty of formi n g these salts was peculiar to dimethylpyrone alo|% or 
was shared by other pyrone compounds, 

Diacetylacetpne, when allowed to react with . sodium ethoxide, at 
once yields a disodium derivative. This, when treated with methyl 
iodide, should yield dimethyldiacetylacetone, which should give tetra- 
methylpyrone when boiled with acids or when heated : 

CH^-CO-OHg GH:C(OFa)-CH3 . (pH:G(OMe)-OH3 

CO CO CO 

CHg-OO'OHj OH:C(ONa)-CH3 CH:C(OMe)-CH3 

Piacetyl- Sodium DimethyL 

acetone. derivative. diacetylacetone. 

The change undergone by dimethyldiacetylacetone when boiled with 
acids is due to molecular rearrangement and subsequent elimination 
of water : 


CH:C(OMe)-CH3 CM6:C<gg8 CMel^-OUa 

(jJO _ 90 90 9 + H3O. 

CH:C(OMe)*CHg CMe:C<^j| CMerC-GHj 

Bimeihyldiacetylacetone. Tetramethylpyrone. 


This tetramethylpyrone should have properties closely resembling 
those of dimethylpyrone, and we expected that, owing to the greater 
number of methyl groups, it might form salts with even greater 
ease than the latter. We also hoped that the yield would be nearly 
quantitative. In both cases we were disappointed ; the yield is by no 
means good, several other compounds being produced at the same time, 
and the basic properties of tetramethylpyrone do not seem to be so well 
marked as those of dimethylpyrone. The platinicbloride separates 
at once when a moderately strong solution of platinic chloride is added 
to a solution of the base in hydrochloric acid, but with other acids 
crystaDisable salts are not easily formed. 

Although the original object of the investigation has not been 
attained to the extent that we had hoped, yet the side issues that 


have opened out are of considerable interest, and the other compounds 
produced by the reaction show how easily, by means of another kind 
Imzene and naphthalene derivatives can be formed, 
isep^ from the product after the action of methyl 
following ; 

,m* p* . 86 — *- 87 ^. . 
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(2) Tetrametliylpyrone, CgH;^202, m. p. 92*^. 

(3) Hydrate of tetrametliylpyrone, 0 gH^ 403 , m. p. 63 — 64° 

(4) (?) Trimethyldihydroxybenzene, OgHirgOo, m. p. 150° 

(5) (?) Trimethyldiliydrozy benzene, m, p* 105—106° 

(6) Trimetbylpyrone, CgHioOg, m. p. 78°. 

(7) Dimethylacetodibydrosynapbthalene, Cj^H^^Og, m.p. 183 — 184°. 
The reaction is one, therefore, of some complexity, but is an excellent 
example of how simple condensation of molecules containing the com- 
plex 'OHg’OO* or its enolic form •CHIO(OII)* may be brought about 
in an alkaline solution. 


Experimental. 

When diacetylacetone is dissolved in absolute alcohol and a molecular 
equivalent of sodium ethoxide added, an insoluble salt is not obtained, 
but with more sodium ethoxide, a white, crystalline sodium compound 
separates. Fifty grams of diacetylacetone were dissolved in absolute 
alcohol, and sodium ethoxide made from 20 grams of sodium (cal- 
culated amount for 2Na = 16*2 grams), dissolved also in absolute 
alcohol, was added. The sodium salt that crystallised out was washed 
and dried j when pure, it has a blue fluorescence. On analysis : 

Found, Na «= 22*6 and 22*8. Ci^H^gO^Nag requires Na = 22 *5 per cent. 

This sodium salt was suspended in alcohol and boiled with 105 grams 
of methyl iodide (an excess of 5 grams) until the contents of the flask 
were neutral. The spirit was removed by distillation, and the residue 
treated with water and extracted with chloroform. After the chloro- 
form had been distilled off in a water-bath, the residue was fractionated 
under 15 — 20 mm. pressure. Several fractions were obtained ; the 
bulk of the distillate (25 — 30 grams), however, was collected between 
126° and 150°. This portion, on standing, became semi-solid. It was 
transferred to a porous plate, and the resulting crystals recrystallised 
from water. When pure, it melted at 86—87°, and boiled with 
much decomposition at 230 — 240° under ordinary atmospheric pres- 
sure. On analysis, the substance proved to be dimethyldiacetylacetone : 

Found 0=63*1 j H = 8*2 per cent. 

OgHj^Og requires 0 = 63*5 ; H = 8*2 per cent. 

The results of several other experiments were as follows : 10 grams 
of diacetylacetone gave 6 grams boiling at 120 — 150° under reduced 
pressure j 30 grams gave 17 grams, and another 30 grams yielded 
19 grams. During the reaction between methyl iodide and disodium 
diacetylacetone, it is absolutely necessary that the alcohol and other 
substances should be perfectly dry ; if this is not the case, consider^ 
able quantities of a yellow resin, mainly dimethylacetodihydroxy- 
naphthalene (Trans., 1893, 63, 334), are formed. 


3 U 2 
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Dimethyldiacetylacetone is a white, crystalline substance melting 
at 86 — 87°. It can be recrystallised from water in groups of needles. 
With ferric chloride, it gives a purple coloration. Unlike diacetyl- 
acetone, it only gives a slight precipitate when boiled with barium 
hydroxide. When boiled, however, with caustic soda, decomposition 
occurs. Eive grams of dimethyldiacetylacetone were boiled Irith 
rather more than 2 mols. of W-sodium hydroxide. JFrom the residue 
were separated (1) a small amount of methyl alcohol and some sodium 
acetate, (2) about 0*5 gram of methyl ethyl ketone (b. p. 80 — 81°), (3) 
1’5 grams of a substance crystallising in needles (m. p. 92°), which 
was readily volatile with steam, yielded a platinichloride, and proved 
to be tetramethylpyrone. The crystals were analysed ; 

Found C = 70*7 j H = 7-9. 

Og H 22 O 2 requires C = 71 *0 ; H = 7*9 per cent. 

From the action of sodium hydroxide on dimethyldiacetylacetone, it 
is evident that part of the latter exists in the form of a methoxy- 
compound, otherwise it is very unlikely that any methyl alcohol would 
be produced; a considerable portion, however, undergoes molecular 
change, water is eliminated, and tetramethylpyrone is formed. Di- 
methyldiacetylacetone, when boiled with hydrochloric acid, soon loses 
its power of giving a purple colour with ferric chloride. Tetramethyl-' 
pyrone remains in the solution, and as this substance is volatile with 
steam, it is best to e:Eect the change by digesting the diacetylacetone 
and acid in a flask connected with a reflux condenser. When the re- 
action is complete, the acid is nearly neutralised with soda and tiie 
liquid extracted with chloroform. The chloroform is removed by dis- 
tillation, and the residue mixed with a little water and allowed to 
crystallise. A hydrate of tetramethylpyrone separates. This was 
recrystallised several times from water, and was then obtained in the 
form of colourless needles melting at 63 — 64°. On analysis ; 

Found C= €3*0; H=s8*3; also 0 = 63*3; H = 8*4. 

OgHjgOgjlIgO requires 0 = 63*5; E[ = 8-2 per cent. 

This hydrate easily loses water if heated or left over sulphuric 
acid in a vacuum ; it then melts at 92° and boils at 245° On analysis ; 

Found 0 = 71*0; H = 8*0. 

CgHjgOg requires 0 =^71*0; H = 7*9 per cent. 


The dehydration can also be effected by recrystallising the hydi^te 
fipom light peti^leum, when colourless, transparent plates melting at 
f 5^ obtained^ Also if the fused hydrate is kept for some time, 
allowed lb cool and crystallise, the melting point is found to 

to the 

fiw 6^ into water; Another curious 
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change in melting point is shown by the tetramethylpyrone (m. p, 
92°). If it is kept melted for a short time after crystallising, its 
melting point is found to be about 77° This, however, may be due 
to partial decomposition, 

Tetramethylpyrone easily dissolves in hydrochloric acid, and if 
platinic chloride is added to this solution a yellow platinichloride soon 
crystallises out. It was found best to recrystallise this salt by dis- 
solving it in warm water and then allowing the aqueous solution to 
evaporate. Should the solution be boiled, decomposition occurs and a 
resinous material containing platinum separates. After two recrystal- 
lisations, it was considered to be pure, and was analysed : 

Found 0 = 28*5 ; H = 4*0j Pt = 25*8 and 26*0. 

(0^113202)2, H2PtC]g,2H20 requiresC = 28*8; H = 4*0; Pt = 26*0 per cent. 

"It was not found possible to estimate the water of crystallisation, for 
when heated, or even left in a vacuum desiccator, the double salt loses 
tetramethylpyrone as well as the water. That it did contain water of 
crystallisation was proved by heating some in a tube when water was 
driven off. This was found to be the case with tetramethylpyrone 
hydrate as well ; some of this compound (m. p. 64°), left in a vacuum 
over sulphuric acid for 24 hours, lost 13*6 per cent, of its weight, the 
calculated loss of weight being 10*6 per cent. 

Tetramethylpyrone dissolves readily in water, and then the hydrate 
crystallises out. It differs in some respects from dimethylpyrone ; for 
instance, it does not give a precipitate with barium hydroxide, even 
after prolonged boiling, also it does not seem to form salts with min- 
eral acids nearly so readily as dimethylpyrone. Potassium per- 
manganate has no action on it in the cold, and it does not reduce silver 
nitrate solution. When warmed with strong sulphuric acid, it turns 
faintly yellow, and the aqueous solution gives a pink coloration with 
caustic soda. Ferric chloride gives no coloration, 

Tetramethylpyrone hydrochloride is formed in long, needle-shaped 
crystals when a solution of the base is mixed with hydrochloric acid and 
allowed to evaporate. It is a very unstable salt, being instantly 
decomposed by water into tetramethylpyrone hydrate and hydrochloric'^ 
acid. Also when left for a week in contact with air, nearly all the 
hydrogen chloride has evaporated away. Some was dried on a porous 
plate and analysed. 

Found Cl = 9*0. (C2H3202)2,H01,2H20 requires Cl = 9*4 per cent. 

The substance, when heated, yields water, hydrogen chloride, and 
tetramethylpyrone, 

Tetramethylpyrone hydriodide also can be obtained in the form of 



COLLIE AND STEELE: 


needle-shaped crystals by the same method, but another crystalline 
compound is formed at the same time by the action of free iodine on 
the salt. This free iodine is produced by the decomposition of the 
excess of hydriodic acid. 

An attempt to prepare the oxalate was made, but without success. 
The calculated quantity of oxalic acid was added to a solution of the 
base, and the whole allowed to slowly evaporate in a desiccator, but 
only tetramethyipyrone hydrate crystallised out. 

The same result was obtained with a sohition of the sulphate. 
“When nitric or hydrobromic acids are added to the solid tetramethyi- 
pyrone, heat is evolved, but even after the solutions thus obtained had 
been left for several days in a vacuum over caustic soda no crystal- 
line substance separated, the remaining salts consisting of syrupy 
solutions, which, when tested, were found to contain considerable 
amounts of the respective acids. 

The yield of dimethyldiacetylaeetone from disodium diacetyl- 
acetone and methyl iodide was never greater than 50 per cent, of the 
theoretical; the residues, after extraction with chloroform, were 
therefore examined. When shaken out with ether, small quantities of 
a substance melting at 150° were obtained ; then on extraction with 
benzene another compound was separated, which, after recrystallisa- 
tion from light petroleum, melted at 78° The aqueous residue, chiefly 
, consisting of sodium iodide, was evaporated to dryness and distilled in 
a vacuum, a crystalline sublimate was obtained, which, after recrystal- 
lisation, melted at 150°, and was identical with the compound extracted 
in small quantities from the aqueous solution by means of ether. 

The compound melting at 150° gave, with ferric chloride, a green 
coloration rapidly turning to a grey precipitate, whilst that melting at 
-78° gave no reaction with ferric chloride, but formed a crystalline 
platinichloride with platinic chloride solution. 


Compound melting at 78° Trimethylpyrone^ 


Unfortunately, only a very small quantity of this substance was 
obtained. It is very soluble in water, but eventually was found to 
crystallise in well-defined prisms from light petroleum. On analysis : 

Found 0:== 69-3; H-7-5. 

requires 0 = 69-5 ; H = 7*3 per cent. 


That it possesses basic properties is proved by the existence bf the 
^pUtinichloride, which was also analysed. 

pg^ d 0 = 26-6 ; .H=3-6 ; Pt=27-0. 

requires 0 ^ 26*6 3*6; Pt ^ 27*0 per cent, 
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As such a very small quantity of this substance had been obtained 
by extracting the aqueous residues with benzene, it was thought 
that possibly it might be found in the first portion of the distillate, before 
dimethyldiacetylacetone had distilled over. The fraction boiling be- 
tween 11 5° and 120° under 15 — 20 mm. pressure was examined, and from 
it a small quantity of a platinichloride was produced, which, after 
recrystallisation, was analysed. 

Found 0 = 27*4; H«3‘7; Pt=26'T. 

(CgH^QO2)2,H2Pt0l5,2H2O requires 0 = 26*6;H = 3*6;Pt = 27*0 per cent. 

The quantity obtained, however, was very small, and as the analysis 
showed that the platinum salt was contaminated with one of a higher 
molecular weight, presumably that of tetramethylpyrone, the investi- 
gation was not carried further. 

This trimethylpyrone had evidently been produced by the action of 
methyl iodide on a monosodium derivative of diacetylacetone, 

C^HgOgNa + OHgl = CgHioOg 4- Nal + HgO. 

Compound melting at 150°. TrimeiliyldiKydroxyhenzene (?). 

This substance was purified by several recrystallisations from water, 
and after the melting point had risen to 150° several further recrystal- 
lisations did not change it. On analysis : 

Found 0 = 70*8 and 71*0 H = 8*land8*0. 

(CH3)306H{0H)2 requires 0 = 71*0 ; H = 7*9 per cent. 

When heated, it sublimes. It is neutral to litmus paper. With 
ferric chloride, it gives first a green colour, then a grey precipitate. In 
all these properties, and also in its melting point, it exactly resembles 
mesorcinol, but its acetyl derivative melts at 73°, whilst diacetyl- 
mesomnol melts at 63°; the boiling point of this substance (m. p. 150°) 
seems to differ from that of mesoroinol, being somewhere near 290° 
hut with such small quantities as could be used the boilmg point could 
not be determined with accuracy. Mesorcinol is said to boil about 276°. 
When heated with caustic soda, alcohol and chloroform, it at once 
gives a deep red colour, and the aqueous elution a green flaoresr 
cence. Left in contact with ammonia vapour, it become a deep red 
colour. When oxidised with ferric diloride and then distilled, a yellow 
quinone in the distillate gives the reaction first noticed by Fittig, 
namely, a purple colour with alkalis which is discharged by acids. 
Mesorcinol is said to give this last reaction as well, but in spite of 
all these resemblances to mesorcinol, it is not evident how such a 
substance could be produced frpm dimethyldiacetylacetone by con* 
dousation ; 
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<pHMe-0 

h6' 

HMe-C 




o i-OH, 


CMe 

/\ 

OH-C C-OH TT 

II I + H„0 . 

MeC OH ^ 

CMe 

: 2 : 4-Trmietbyl-3 : S-dihydroxybenzene. 


DimethyldiacetylacetoiLe. 

Mesorcinol is undoubtedly a mesitylene derivative, and therefore can 
only have the following formula ; 

CMe 

; 

OH-C C-OH 
Meb CMe 

CH 

Still, it is said to give a quinone on. oxidation with ferric chloride, al- 
though all the ortho- and para-positions are already occupied by methyl 
groups. Moreover, to make it more confusing, Kraus {Monatsh.^ 1891, 
12, 203) has prej«tred a trimethyiresorcinol, which he says is the 
1:2: 4-trimethyl-3 : 5-dihydroxybenzene, and melts at 156° . The sub- 
stance obtained from the residues in the preparation of tebramethyl- 
pyrone undoubtedly melts at 150°, and in every respect, with the 
exception of the boiling point and the melting point of the acetate, 
resembles mesorcinol. An attempt was therefore made to prepare 
mesitylene from it by heating with zinc dust, and 1 *5 grams thus 
treated gave about 1 c,c. of a hydrocarbon which was found to boil at 
137 — 138°. As mesitylene boils at 163°, it could not be thf^ sub- 
stance. m- and p-Xylene, however, boil at about 137°. An attempt was 
made to prepare from this small quantity of hydrocarbon the trinitro- 
m-xylene melting at 176°, but without success, and it is doubtful which 
of these two hydrocarbons it was. It is not probable that either m- 
orp-xylene could be obtained from a mesitylene derivative, but from 
a dimethylmethoxyhydroxybenzene such substances are to be expected. 
The formation of such a substance from diacetylacetone could either 
take place by the production of orcinol first (Trans., 1893, 63, 122), 
and subsequent methylation, or directly from dimethyldiacetjlacetone 
by condensation : 

Me 

OMe/\ 


OHs-0-CH:C{OMe)*CHMe-CO-8H 


'(OH 
Me 

p-Xylene derivative. 


HgO. 


no conditions, however, could the methyl groups be found in the 
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meta-position as they are supposed to be in mesorcinol. It is also 
diflScult to understand how isoxyloquinone can be produced from 
mesorcinol by boiling with ferric chloride, although Knecht states such 
to be the case {AnnaUn^ 1882, 215, 100). The above ^xylene derivative, 
however, would at once give such a compound. The presence of a 
methoxy-group in the compound melting at 150° is, however, doubt- 
ful, for it can be. boiled with fuming hydriodic acid without any 
change being effected, the original compound being recovered. 


Compound melting at 105°. Triniethyldihydroxyhenzene {]). 

During one experiment in the preparation of dimethyldiacetyl- 
acetone, an attempt was made to prepare tetramethylpyrone directly 
from the product of the action of methyl iodide on disodium diacetyl- 
acetone. After the spirit had been evaporated off, the residue, con- 
sisting of sodium iodide and presumably dimethyldiacetylacetone, was 
treated with hydrochloric acid and boiled. Instead of obtaining 
tetramethylpyrone hydrate, an oil separated, from which a crystalline 
substance melting at 105 — 106° was obtained. This experiment was 
repeated with the same result. On analysis : 

Found G = 71 -1. 0 = 8-15. 

CgHjgOg requires 0 = 71 *0 ; H = 7*9 per cent. 

Although this substance is identical in its composition with tetra- 
methylpyrone, C 9 H;i 2 ^ 2 » properties it is entirely different 

from it. That it is a benzene derivative is evident from various re- 
actions. With ferric chloride, it gives a grey precipitate ; with caustic 
soda, a pink solution after warming; with caustic soda, alcohol, and 
chloroform, a red solution, which on diluting shows a brilliant green 
fluorescence. Strong sulphuric acid gives first a green coloration, 
then yellow ; on adding water, a precipitate forms, which dissolves in 
soda to a bright red, and the solution shows a green fluorescence. In 
ail these tests, it resembles the substance melting at 150®. An attempt 
was made to convert it into that compound by boiling with hydro- 
chloric acid, hut without success, the original substance melting at 
105° being recovered. A small amount was boiled with acetyl 
chloride and a drop of sulphuric acid, and an acetyl compound melting 
at 70° was obtained. The quantity of substance, however, was so 
small that no further experiments could be tried with it. Hydriodic 
acid has no action on it when the two are boiled together, and the 
original substance (m. p. 105 — 106°) was recovered. As this com- 
pound resembles the compound melting at 150° so closely in all its' 
reactions, the two must be similarly constituted, and both are de- 
rivatives of orcinol, From diacetylacetone, sodium ethoxide, and 
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methyl iodide, only two trimethyldihydroxybenzenes are likely to be 
formed : 


but whether the two compounds melting at 150® and 105® respec- 
tively are these substances, it is at present impossible to say. 

Ethyldiaceiylc^etom (?). 

Bimethylpyrone, when dissolved in absolutely dry alcohol, reacts 
with sodium ethoxide to form an additive product, which is soluble in 
hot alcohol, but crystallises out again on cooling, 

CVHgOj 4- KaOEt = C^HgOgNaOEt. 

If the alcohol is not dry, then the disodium derivative of diacetylacetone 
is produced, which is almost insoluble in boiling alcohol. The sodium 
salt was analysed ; 

Found Ha = 12*5. C^HgOgHaOBt requires Ha = 12*0 per cent. 

When this salt is dissolved in water and dilute acid added, a white, 
crystalline substance separates, which gives a blue colour with ferric 
chloride. It was recrystallised from light petroleum, and melts at 
57 — 58®. On analysis : 

FoundO-63*5. 

requires 0 — 63*5 and H=8*2 per cent. 

On warming with dilute hydrochloric acid, this substance, instead of 
being converted into dimethylethylpyrone, loses alcohol and gives 
dimethylpyrone. The. dimethylpyrone was extracted by chloroform > 
converted into the platinichloride, and analysed. Three separate 
fractions of this salt gave the following numbers : 

Found Pt“ 29*6, 29*9 and 29*8. 

(0^Hg02)2,H2PtCl5 requires Pt = 29*4 per cent. 

The melting point of the dimethylpyrone was also determined, and 
found to be 132®. 

The substance O^HgOgBfcOH, when heated, decomposes almost 
entirely into dimethylpyrone and alcohol. The dimethylpyrone was 
recognised by its boiling point, 249®, and melting [point, 132®. An 
its platinichloride was also made. Found Pt = 29*8 per 

ourious behavior of Ibis substance, and the ease with 
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wMch it decomposes, it seems possible that it may have its molecular 
structure expressed by the following graphic formula : 


HO Et 
\>/ 

O 


CH3-C C-CH3 . 
HO CH 


Yo 


That it is not dimethyl pyrone with alcohol of crystallisation is proved 
by the blue colour it produces with ferric chloride, and by the fact 
that it may be recrystallised from water or light petroleum ; also it 
cannot be ethoxydiacetylacetone, as this, like acetylacetone and 
diacetylacetone, would probably give a blood red colour with ferric 
chloride. 

Eesearoh Laboratory of the Pharmaceutical 
Society of Great Britain. 


LXXXVL — Dehydracetic Acid. 

By J. Collie, F.B.S. 

Some years ago, the author, in conjunction with Mr. Le Sueur (Trans., 
1894, 65, 254), published a paper on the salts of dehydracetic acid, 
in which an attempt was made to answer the question whether 
dehydracetic acid, OgHgO^, was a lactone or a true acid. If the acid 
were a lactone, then the salts would have the general formula 
OgllgOgM^. This was found to be true of all the salts until they were 
heated to about 120°, then they lost water, and their composition 
could be expressed by the formula CgH^ 04 M\ Whether this water, 
driven off at 120°, was water of crystallisation or water of constitution 
was impossible to say. Although dehydracetic acid turns blue litmus 
paper red, and liberates carbon dioxide from sodium carbonate, yet it 
certainly cannot contain a carboxyl group, for its low dissociation 
constant at once negatives such an idea. Osfewald found its dissocia- 
tion constant to be 0*0004, and Prof. J, Walker, who has kindly 
redetermined it from a pure specimen of dehydracetic acid that 
had been recrystallised from several different solvents, found it to 
be 0-0001. 

There is therefore little doubt that dehydracetic acid is not a true 
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acid, but a lactone, and that its constitution is represented by one of 
the following formulse: 


CHa-OO-CHo-C CO 
hH CHj 

CO 

Jjactone of tetracefcic acid. 


O 

HG CH-CO-OH* 

\/ 

CO 

Feist’s lactone formula. 


Taking formula I as representing dekydracetic acid, then it is possible 
that the sodium salt, GgHgOgNa, may be represented as follows : 

CHg-CO-CHg-CO-CHg-GO-CHg-GOgNa, 

and by drying at 120° this salt would lose water and leave a deriva- 
tive of dimetbylpyrone, 

0 

CHo-C^-CHa-OOgNa , 

TTT 2 1 1 i i ^ ^ 

HC GH 

At first sight this explanation seemed probable, for the amount of 
water present in almost every salt analysed was just sufiScient to 
account for the difierenee between a salt of tetracetic acid, GgH^gOg, 
and of dehydraeetic acid, GgHgO^. 

By using formula II, and representing the elimination of water in 
the same manner, the sodium salt would be 

HC C-COsNa 

\/ 

CO 

The question of the correct graphic formula for dehydraeetic acid 
is one of some interest, not only because of the great variety of com- 
pounds that can easily be obtained from it — such as diacetylacetone 
or pyridine, isoquinoline, benzene, or naphthalene compounds, dsc. — 
but also on account of the peculiar nature of dehydraeetic acid and its 
i^ts. To take one instance, the methyl ether. Prof. W. H. Perkin 
1887, 61, 497) says : “ I have found it (the methyl ether) to 
most remarkable properties .... it has a decidedly acid 
litmus paper ..... with potash it is instantly saponified, 
W If . . . , mixed with an ethereal solution of sodic 
a pink sodium compound is precipitated/’ 



COLLIE: BEHYDRACETIC ACID. 


973 


The ordinary sodium and potassium salts of dehydracetic acid^ 
CgHgOgM, are colourless, but when dried (C 3 Hi^ 04 M) are bright lemon- 
yellow ; on redissolving in water, they again become colourless. The 
copper salt is slightly volatile when heated. With excess of caustic 
alkali, no xantho-saits are produced ; in this respect dehydracetic acid 
differs from chelidonic and meconic acids. 

When dehydracetic acid is dissolved in ammonia and the solution 
evaporated, all the ammonia is easily driven off, and the acid remains 
unchanged. If, however, dehydracetic acid is treated with the 
strongest solution of ammonia, combination occurs and an amino- 
compound is formed : 

OgHA NH3 = + Hp. 

This, amino- compound, when warmed with caustic soda, yields up all 
its nitrogen as ammonia, and sodium dehydracetate remains. But. if 
dehydracetic acid is heated under pressure at 130° with strong 
ammonia solution, lutidone is formed, which is not decomposed when 
boiled with caustic soda. 

In order to find out whether the anhydrous salts are to be repre- 
sented by formula III or IT, several experiments have been tried. 

When the carefully dried yellow sodium salt is added to pure sulphuric 
acid, it dissolves ; if the mixture is then poured into powdered ice, 
dehydracetic acid at once separates. Dry hydrogen chloride reacts in a 
similar manner, and pure dehydracetic acid can be distilled off from 
the sodium chloride, or can be dissolved out by means of absolute 
alcohol. The perfectly dry lead salt, when decomposed by dry 
hydrogen sulphide, gives a quantitative yield of dehydracetic acid, 
and the dried silver salt, when allowed to react with dry hydrogen 
chloride, gives only dehydracetic acid. 

These results not only show that formulse III and IT cannot 
possibly express the molecular construction of the salts of dehydracetic 
acid, but niso point to the conclusion that the dehydrated salts are 
certainly not derivatives of an acid, OgHj^jOg. Finally, if pure zinc 
oxide (ignited) is boiled for several hours with excess of dehydracetic 
adid dissolved in absolute alcohol, it is almost entirely converted into 
zinc dehydracetate. In one experiment, the residual zinc salt Contained 
Zn = 21'7 per cent., and in another Zn w20*6 per cent. ( 0 gH^ 04 ) 2 Zn 
requires Zns= 16*2 per cent. 

Dehydracetic acid therefore must be a compound having a molecular 
structure which is best represented by formula I or II, or by tauto- 
meric modifications of I or I L 

If I be accepted as the graphic formula for dehydracetic acid, then 
an explanation of these various compounds and properties of the acid 
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can be offeired. The following tautomeric modification of I best repre- 
sents dehydracetic acid : 

CH,-CO*CH»-d^ VoH . 

3 2 I I 

HC CH 

\/ 

CO 

The hydrated salts of dehydracetic acid are represented by the 
formula; 

CHs-GO-CHj-CO-CHj-OO-OHa- COgNa, 

and on heating lose water in the following manner ; 


0 


^ CHg-CO-CHrO 6-ONa . 

CH3-CO-OH;6-CH:C(OB[j-^ HO CH 

Sodium salt of tetracetic acid. 

C-OH 

Sodium deliydracetate. 

Moreover, such a compound might be expected to be coloured, as it 
possesses three alternate double linkings, which is a colour grouping. 
Also, should the sodium be replaced by a methyl group, the substance 
might still possess as much acidity as dehydracetic acid, whilst by the 
addition of sodium hydroxide and the opening up of the ring, a coloured 
salt could be formed, 

ch3-co-ch:c(oh)-ch:c(oh)-gh:c<^^^2^, 

which in presence of water would instantly be hydrolysed. The vola- 
tility of the copper salt, the non-existence of xantho-salts, and the 
action of ammonia on dehydracetic acid also find an easy explanation 
by means of this formula, although formula II would do equally 
as well for the purpose. 

There is, however, one reaction of dehydracetic acid which can only 
be explained by formula I, namely, that with phosphorus penta- 
chloride. Two hydroxyl groups are replaced, and a dichloride formed. 


CsHgO^ + 2P015 = CsHeOgClg + 2HC1 + 2POCi3. 

A compound represented by formula II could not possibly yield such 
V^Aeriviitive, Moreover, Feist {Annalen, 1890, 257, 263) has shown that 
t tMs dichloride is heated with sulphuric acid, a true carboxylic 
with dehydracetic acid, is produced. He gives it the 
liltda; 
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0 


ch3.^(:)-ch3 . 

HC C-CO.H 

\/ 


CO 


When heated, this acid at once loses carbon dioxide, and dimethyl- 
pyrone remains. If formula I represents dehydracetic acid, then the 
dichloride would be : 

9 i 

oh3-ooi:oh-o:ch-co-ch:oci ’ 

and by hydrolysis and loss of hydrogen chloride, an acid, 

O 

CHg- A ;Oir,'CO,H 
ifa 


would remain, which, on heating, should give dimethylpyrone and 
carbon dioxide, and also possess properties similar to those of acetic acid. 

Some of the dichloride of dehydracetic acid was therefore prepared, 
and from it the isomeric acid, OgHgO^. The silver salt of this acid 
crystallises in plates very similar in appearance to silver acetate y 
moreover, when boiled with baryta watei*, acetone and acetic acid are 
at once produced. 

The action of ammonia on the acid was investigated. It was heated 
with excess of ammonia on a water-bath. An acid melting at 258° 
(corr.) was obtained, which, in properties, resembled in every respect 
the lutidonecarboxylic acid obtained from ethyl /J-aminocrotonate by 
heating. 

Its silver salt w'as analysed : 

Found Ag s= 39‘6. CgHgOgITAg requires Ag =* 39*4 per cent. 

This acid probably has the formula 


NH 

CHg- A •OHj'COgH 

HC OH 




for the following reasons. When melted, it decomposes quantitatively 
into lutidone and carbon dioxide. Its salts are easily decomposed^ 
for instance, a solution of the barium salt, when warmed and shahen 
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with carbon dioxide, yields barium carbonate and lutidone. The above 
reactions are not characteristic of an ordinary acid of the pyridine 
series, but are more in keeping with those of a substituted acetic acid j 
they also resemble in a marked manner those of an isomeric hydroxy- 
lutidinic acid (Trans., 1897, 71, 311), whose constitution is almost 
certainly represented by the following expression : 


OC^*CH, 

h6 oh 


2C02H 


A further set of experiments was tried with the object of producing 
dehydraeetic acid from triacetie lactone. 'If formula II represents the 
molecular structure of dehydraeetic acid, it should not be difficult to 
reproduce dehydraeetic acid from triacetie lactone by means of acetyl 
chloride. 


O 

/'X 

CHa-fl CO 

HC CHj 

\/ 

CO 


0 


+ Cl-CO-CH. 


OH, 


•A 


h8 


CO 

OH-OO-OH, 


-f HOI, 


\/ 

CO 


Triacetie lactone was heated with both acetyl chloride and acetic 
anhydride. With acetyl chloride, no change occurred, and by prolonged 
boiling with acetic anhydride only traces of dehydraeetic acid were 
produced- Silver triacetate also, when dried and then added carefully 
to acetyl chloride, gave only triacetie lactpne, after evaporating off 
the excess of the reagent and extracting the silver chloride with 
water. 

Under certain conditions, however, dehydraeetic acid can be made 
from triacetie lactone, namely, when it is boiled for some time with 
sulphuric acid and excess of acetic anhydride. The substance thus 
obtained possessed all the properties of dehydraeetic acid, lb melted 
at 108 — 109° After boiling with hydrochloric acid, the concentrated 
solution gave a precipitate of dimetbylpyrone platinichloride. This 
was analysed : 


Found Ft = 29*7. (CYlTg02)2,H2^tCJlQ requires Ft = 29*6 per cen 

dimethyl pyrohe was also converted into the yellow barium 

dilute hydrochloric acid, 





was recognised by the blood-red colour it 
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LXXXVIL — Decomposition of Hydroxyamidosulphates 
by Copper Sulphate. 

By Edwaed Diyees and Tamemasa Haga. 


WsBH copper sulpliate is added to a solution of a hydroxyamidosul- 
pbate and tbe mixture heated, the acid of the salt is quickly decom- 
posed into water, sulphur dioxide, sulphuric acid, amidosulphuric acid, 
and nitrous oxide, with possibly a little nitrogen. By itself, a heated 
solution of an alkali hydroxyamidosulphate is in a state of very un- 
stable equilibrium, generally hydrolysing into a solution of hydrogen 
hydroxy lamine sulphate, and always doing so in presence of a trace of 
acid, whilst in presence of even a trace of alkali it slowly passes into sul- 
phite and hyponitrite (Trans., 1889, 55, 766). In the cold, with alkali 
and copper salt, the hydroxyamidosulphate becomes oxidised at once to 
sulphite, sulphate, nitrous oxide, and water, with reduction of the 
cupric hydroxide {op, cit, 770), and when heated with cupric chloride 
it reduces the latter to cuprous chloride, becoming itself converted 
into sulphur dioxide, sulphate, nitrous oxide, and water. Mercuric 
nitrate oxidises hydroxyamidosulphate more completely, but ferric 
chloride seems to act like copper sulphate, and liberates sulphur 
dioxide. 

An alkali hydroximidosulphate is also decomposed by copper sul- 
phate, but not so easily, for it can be heated with it at 100° for a short 
time without change, and only decomposes (but then suddenly) some 
d^rees above that temperature, yielding the products which a hydroxy- * 
amldoeulpbate gives, together with sulphuric acid coming from its 
hydrolysis into that salt. 

Although the presence of much sulphuric acid prevents the action of 
copper sulphate on a hydroxyamidosulphate, the acid in moderate 
excess has but little effect. 

Sodium hydroximidosulphate, if kept with care, decomposes only 
very slowly in a way which has hitherto been obscure (Trans., 1894, 
65, 541), but if considered in connection with the action of copper ' 
sulphate it may be regarded as essentially the same as that brought 
about by heating it, in solution, with that salt. For, the decomposed 
hydroximidosulphate contains, besides acid sulphate and hydroxy- 


amidosulphate, both a little gas (nitrous oxide or nitrogen) shut up in 
iia pores which escapes when the mass is dissolved In water, and also 

can be separated from the other salts by 
nitarate (Tapans., 1896, 69, 1649, also 1640, 


^-^yij^i^^^imidosulphates by copp^ is 
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also in evident relation with the gradual decomposition of impure 
hydrozjlamine hydrochloride, particularly when ferric chloride is 
among the impurities, water, nitrous oxide, and ammonia (in place of 
amidosulphuric acid) being the principal, if not the sole, products. 

There is a very marked difference between a hydrozyamidosulphate 
and a hydroximidosulphate in the relative proportions of the several 
products of decomposition, but this seems to be owing merely to the 
fact that the temperature of the decomposition is different, for accord- 
ing as hydrozyamidosulphate is heated slowly or rapidly the pro- 
portions of the products of decomposition deviate from or approach 
those which obtain when a hydroximidosulphate is decomposed, this 
only taking place at a temperature above 100°. 

' As little as one-tenth of an equivalent of copper sulphate has been 
found to sujS&ce for the complete decomposition of an alkali hydroxy- 
amidosulphate, the copper sulphate not being consumed in the change 
it effects ; this allows of the decomposition being to a great extent 
carried out at the boiling temperature, when again the result ap- 
. proaches that observed where hydroximidosulphate is the salt decom- 
posed. Although much less than the amount above named will effect 
an almost complete decomposition, the quantity of the catalytic 
agent cannot be very greatly reduced ; this seems to be due in part to 
the simple hydrolysis of some of the hydroxyamidosulphuric acid set 
free by the sulphuric acid arising from the decomposition of another 
portion of the salt by the copper sulphate during the prolonged heating 
. which is then necessary. 

Since the cupric salt suffers no reduction, it will be seen that one 
part of the hydroxyamidosulphate becomes reduced to amidosulphate 
by yielding oxygen for the oxidation of the other part to water, sul- 
phate, and nitrous oxide. The following equation shows that the 
hydroxyamidosulphate may change by cumulative resolution, half 
into a redpced product (amidosulphate), and half into oxidised pro- 
ducts together equivalent to the non-existent dihydroxyamidosul- 
phate:""' ' '■ ^ ^ 

Ca(H^mOs)2 + Ou(H^BQ^)s. 

Such an equation expresses much of what happens in the decomposition 
of a hydroxyamidosulphate at a lower temperature, but even in this 
case, and much more so in the decomposition of a hydroximidosulphate 
by copper sulphate, where the temperature is higher, a third molecule 
decomposes in another way. The result is that the free sulphuric acid 
shown in the above equation gets neutralised, and the third molecule 
of liydroxyamidosulphuric acid yields neither sulphate nor amido- 
sulphate, all its sulphur being eliminated as dioxide, its nitrogen as 

3x2 
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nitrous oxide, and its hydrogen as water, thus reverting to sulphurous 
and hyponitrous acids, Just as it does under the influence of an alkali 
(p. 978). Adding to equation {!) that of 0u(H2NS04)2 = N20 + 
2H2O + 2SO2 + GUO, weget (2), 30a(H2NS04)2=2N20 4- 4H20H-2S02 
4*2 GuS 04 + Cu(H 2 Ij 5'S03)2, with products free from acid. 

It is possible to express the decomposition of hydxoxyamidosulphate 
diflerently, by making nitrogen one of the products in place of nitrous 
oxide, thus : . 

(3). Cu(H2NS04)2=2H2+2H:20 + 2H2S04+2GuS04 + Cu(H2NS03); 

(4). Ga{H2NS04)2-N2 + 2H20 + S02 + GuS0^. 

In (3), sulphur dioxide is not a product, whilst in (4) it is. Whether, 
however, nitrogen is formed, even in small quantity, is doubtful. 
Along with the nitrous oxide, soluble in alcohol, we found a little 
insoluble gsis — about 4 per cent, by volume of the whole gas, — but we 
are not prepared to assert that this was not due to air, in spite of the 
precautions we took to expel all air from the apparatus by carbon 
dioxide before the decomposition. It will be seen from the equations 
that, with nitrous oxide as a product of the decomposition, the sulphur 
appearing as sulphate equals that as amidosulphate, whereas, with 
nitrogen as a product, the sulphur as sulphate is double that as 
amidosulphate in (3), whilst in (4) there is none as amidosulphate. 
How, in the observed decompositions of hydroxy amidosulphate the 
sulphur as sulphate has been found equal, on the average, to that as 
amidosulphate, a result showing that, within the limits of accuracy of 
the somewhat complex analytical work, no nitrogen is generated. 

Although, when using copper sulphate or copper hydroxyamido- 
sulphate^ no change to cuprous salt is observable, the reduction of 
cupric chloride to cu|c^us chloride points clearly to the activity of 
^e copper salt as a * carrier of oxygen ' from one molecule of the 
hydroxyamidosuipliate to another. 


EesvUs if the Qiumtitatvm Mxjo&rvrnenis and Method Employed. 

The results of the experiments are given, not in the order in which 
they were obtained, but in that of the growth in quantity of the 
sulphur dioxide produced. 

In an experiment in which copper hydroxyamidosulphate was heated 
vary slowly, so as to carry out the decomposition at as low a tempera- 
ture as possible (boiling the solution only at the end in order to expel 
Ihe lass portions of sulphur dioxide), results were obtained which 
with those <^Gulated on the assumption that 
, of the gives ah its sulphur as dioxide, its hydrogen 
i whilst the rest of the s^t 
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Sulphur as 

dioxide. trioxide and amidosulphate. 


Found 3*5 96*2 

Oalc 3‘7 96*3 


An experiment with sodium hydroxyamidosulphate and its equiva- 
lent of copper sulphate gave results indicating that about 5*3 per 
cent, yielded all its sulphur as dioxide, the rest of the salt giving 
sulphur trioxide (sulphate, sulphuric acid) and amidosulphate (equa- 


tion 1) : 

Sulphur as 

dioxide. trioxide. amidosulphate. acidity 

Found 5*5 46*0 48*0 21*6 

Calc. 5*3 47*4 47*4 21*0 


Copper hydroxyamidosulphate, in four experiments, gave results 
agreeing nearly with the assumption that 13*2 per cent, of the salt 
gave sulphur dioxide, the rest decomposing according to equation (1) : 

Sulphur as 

dioxide- tiioxide. amidosulphate. acidity. 


Found 13*0 43*0 43-6 11*1 

„ 13*0 43*3 -43*2 

„ 13*1 86^ 

„ 13*3 86*5 

Oalc. 13-2 43-f' " ' 43-4 15-1 


In another experiment, copper hydroxyamidosulphate gave the 
following results, as against calculation for 15*4 per cent, to decom- 
pose so as to yield its sulphur as dioxide : 

Sulphur as 

dioxide. trioxide. amidosulphate. acidity. 


Found 15*1 42*9 41*6 10*7 

Calc. 15*4 42*3 42*3 13*5 


In one more trial, copper hydroxyamidosulphate decomposed nearly 
as if 16*6 per cent, of it yielded all of its sulphur as dioxide : . 


Sulphur as 

dioxide. tiioxide and amidosulphate. acidit 

Found 16*3 83*3 9*3 

Calc. 16*6 83*4 12*5 


A solution of potassium hydroximidosulphate, heated with very 
little more than its equivalent of copper sulphate, gave results showing 
that 25 per cent, of the salt yielded all the sulphur of the hydroxy- 
amidosulphate, coming from it by hydrolysis, as sulphur dioxide : 


Sulphur as 

dioxide. trioxide. amidosulphate. acidity. 

Found 25*2 37*3 37*0 5*5 

Oalc 25*0 37*5 37*5 6*25 
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A solution containing sodium Hydroximidosulpbate and copper 
sulphate decomposed, in two experiments, in such a way that about 
28 per cent, of the hydroxyamidosulphate sulphur became dioxide. 


- Sulphur as 

dioxide. trioxide, amidosulphate. aciditj 

Found 27*6 S6*9 35*0 4 

„ 28*0 36*2 35*8 S'8 

Calc. 28*0 36*0 36*0 4 


The numbers in the above table stand for parts per hundred of the 
sulphur of the total hydroxyamidosulphate decomposed, and not of the 
sulphur of the hydroximidosulphate even when this salt has been 
that experimented with. The ‘ acidity ' sulphur is calculated as if the 
acidity is due to sulphuric acid, not amidosulphuric acid. The ‘ tri- 
oxide ’ sulphur is that of the sulphuric acid and copper sulphate 
yielded by the deGomposition. The differences between the calculated 
quantities and those found must be largely attributed to imperfect 
estimation ; they cannot be due to error in theory, because no explana- 
tion of the change other than that adopted is possible. In a copper- 
salt solution mixed with much barium sulphate, it was not easy to 
titrate acid with litmus as indicator. The separation of sulphate and 
amidosulphate is not a simple process, especially when much sulphate 
is present derived from sources other than the reaction to be dealt 
* with. ' 

The salt employed in the experiments was either copper hydroxy- 
amidosulphate, or sodium hydroxyamidosulphate with copper sulphate, 
or one of the alkali hydroximidosulphates with copper sulphate, 
1.^ A solution of the copper salt, containing only a very little 
ooppOT sulphate was prepared from normal barium hydroxyamido- 
sulpha and, copper sulphate ; the barium salt (Trans., 1889, 55, 762, 
764) had to be prepared as wanted, because of the instability of 
the hydroxyamidosulphates. The strength of the solution was 
determined by a barium estimation (hydrolysis in sealed tube and 
weighing of the barium sulphate). Copper sulphate in slight excess, 
and carefully weighed, was added to the weighed solution of the 
barium salt, and the copper hydroxyamidosulphate at once used 
without filtering off the barium sulphate, 
t. Sodium hydroxyamidosulphate solution was prepared just before 
r tee by hydrolysis a centigram-molecule of the hydroximidosulphate 
, ^ adding to its solution a minute and known quantity of sulphuric 
1899, 75^ 79), and then half a centigram-molecule of 

m hydroxmudosulphate in the qutotity of a 
dissolved said diredtly heated W 
of cop^ sulphatef \ ■ 


or sodiu 
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The solution (either 1, 2, or 3) contained in a small flask connected 
with a tube receiver holding bromine water kept cold, was heated, 
sometimes quickly, sometimes slowly, either by a spirit lamp or in a 
bath of sulphuric acid, the solution being finally boiled for some 
minutes, so as to drive all sulphur dioxide into the bromine water. 
Before heating, air was removed from the apparatus by a current of 
carbon dioxide. In one experiment, the apparatus was made entirely 
of glass. The oxidised sulphur dioxide was weighed as barium 
sulphate. 

The boiled-out copper solution was titrated with A710 soda (free 
from sulphate), using litmus as indicator. The imperfection of this, 
operation was proved beyond doubt on calculating out the nature of 
the changes which had occurred, but it was serviceable and the best 
available under the circumstances. 

To the boiling hot solution and precipitate of barium sulphate, 
barium chloride was’ added in excess, the total precipitate collected, 
weir washed, and transferred to a pressure tube, in which it was 
heated with hydrochloric acid for some hours at 150°. The barium sul- 
phate, after being again washed on the filter, was ignited and weighed. 
The second filtrate and washings contained sulphuric acid, the quantity 
of which was estimated as barium salt. To make this part of the 
analytical process intelligible, it must be explained that barium amido- 
sulpbate, although itself quite soluble in water, is partially precipitated 
along with barium sulphate even in presence of hydrochloric acid 
(Trans., 1896, 69, 1615). At 150°, the precipitated amidosulphate 
hydrolyses, yielding barium sulphate and ammonium sulphate iu 
molecular proportion. 

The copper filtrate from the crude barium precipitate was evaporated 
to a small volume, heated with hydrochloric acid for some hours at 
150°, and mixed with barium chloride. The precipitated barium 
sulphate represented the principal quantity of amidosulphate sulphur, 
the full amount of which was ascertained by adding to it twice the 
quantity of that in the ammonium sulphate extracted By hydroly^s 
from the crude barium precipitate. The sulphur from the hydroxy- 
amidosulphate, obtained as sulphate, was found by subtracting from 
the total the sum of the quantities of sulphur present as (a) cop- 
per sulphate taken ; {h) barium sulphate from the hydrolysed barium 
amidosulphate which had been precipitated along with the barium 
sulphate by barium chloride ; {c) sulphuric acid added for hydrolysing 
the hydroximidosulphate, when that salt^J^ been started with ; and 
(d) in the same case, sulphuric acid resulting from the hydrolysis of 
the hydroximidosulphate to hydroxyamidosulphate. 

Hardly any attempt was made to estimate the amount of nitrous 
oxide Jiberatedf To do so woqld only have been useful as a check on 
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tlie accuracy of the determinations of the amides ulphate, and for that 
purpose the two substances would have had to be estimated in the 
products of one experiment. This, it did not seem possible to do. 
An experiment in which hydroxyamidosulphate was decomposed gave 
55 ‘3 per cent, of the nitrogen as nitrous oxide, as against 56*6 cal- 
culated from the equation most in accordance with amidosulphate and 
other sulphur determinations. The method of measuring the nitrous 
oxide and nitrogen was to expel air from the apparatus by a current 
of carbon dioxide continued for some time, and then to heat the copper 
and boil out the^gases, these being collected over mercury and 
potassium hydroxide, and measured. The alkali was then replaced by 
absolute alcohol to dissolve the nitrous oxide, and the residual gas 
measured. 


LXXXVIIL — Condensation of Phenols with Esters of the 
Acetylene Series. Part I. Action of Phmols on 
Ethyl Phenylp^'opiolate. 

By SiiGPEiED Euhemann and Feed. Beddow, D.Se., Ph.D. 

Fbom the results arrived at by one of ife and his pupils in the course 
of researches on thb esters of the acetylene series, we have been in- 
duced to study the reactions of these esters with the phenols. This 
inv^tigation appeared to be of especial interest as it was hoped that 
ethyl phenyipropiolate would unite with the sodium phenolates in 
the following manner : 

C^,-C20-C02Et + CeHs-OH = O,H^-C{0-0X)-OH-CO2Et, 

and yield ethyl ^-phenoxycinnamate and its homologues, which in turn 
might be converted into flavone and its derivatives according to the 
equation, 


C5H5-<p:CH-CO*OEt 

O-CaH^ 




■0-C-CeH, 


Et-OH. 


Thus a synthesis of the group of substances standing in close relation- 
ship to the yellow plant dyes was indicated, which would have the 
advantage of greater simplicity over that elaborated by von 
Zostanecki and his pupils {Ber^ 1898, 31, 696, 705, 1757). 

We have proved that the arryl derivatives of ethyl ^-hydroxy- 
are readilyp formed, but as yet we have not succeeded in 
condensation to the flavohe& Our attention, for the 
has been chiefly dir&b^ to the investigation of the com- 
which are produced by iim union of ethyl phenyipropiolate 
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mth the sodium phenolates. These must be regarded as ethers of 
^hydrozycmnamic acid, and are therefore isomeric mth the corre- 
s^nding compounds of a-hydroxycinnamie acid which have been 

0 H*°OH-CfOKVrn°w . “•®^y^'’0^ycmnamic acid, 

oV^-CH -ro.pn TT^^’ or Its tautomCride, benzylglyoxylio acid, 

6 s 2 CO OOjH, as well as phenylglyoidic acid, 

CgHj-CH— CH-CO.H, 

\o/ 

yield a-toluylaldehyde. On the other 
hand, ^-hydroxycinnamic acid, C,H,-C(OH):CH-CO,H, or its tauto- 
mende, benzoykcetic acid, 0,H,.CO-GH,-CO,H, decomposes into 
carbon dioxide and acetophenone, thus : 

CgHg-CO-OHa-COjH = 00^ + OeHs-OO-CH,. 

We find^that the arryl ethers of j5-hydroxycinnamic acid, which are 
obtained from their ethyl esters by hydrolysis with alcoholic 
po^h undergo tlm latter transformation, but that phenoxystyrene, 
j ^ and its homologues are formed as intermediate 

products; these readily decompose when digested with dilute acid, 
yielding acetophenone and the corresponding phenol, thus ; 

0gH5-C(0*0gH5):CH2 + HjO = OeHj-OO-OHj + CgH^-OH. 

^ese changes take place most readily ih the case of the naphthyl 
ethers of j8-hydroxycinnamio acid, for if the acids remain in contact 
with dilute sulphuric acid at the ordinary temperature for some time 
Lme^ <^°^de occurs and acetophenone is 

The experiments recorded in this paper deal with the study of the 
ethyl esters which are produced by the union of phenol, o- and p^cresol, 
and a-naphthol yrith ethyl phenylpropiolate. Our next paper will 

contain a description of the corresponding compounds which are formed 

from the p^uct of the interaction of w-cresol and the ester, as well 
as the results of our investigations on the behaviour of phenols towards 
etbyl acefcyleuedicarboxylate. 

It may be mentioned that the chief object of our research, namely, 
the condensation of the arryl ethers of ^-hydroxyoinnamie acid to 
memlmrs of theflavone group, has not been lost sight of, and that 
experiments are in progress in order to accomplish this task. 

Experimental. 

Mhyl fi-PhemxydTmaTmte, OgHs-qO-OgHJIOH-COjCjHg. 

The union of sodium phenolate with ethyl phenylpropiolate takes 
place very slowly at the ordinary temperature, only a small quantity 
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of the additive product being formed when dry phenolate suspended in 
absolute ether has been left in contact with the ester for six days. 
The reaction, however, proceeds much more readily, and the yield is 
increased to 80 — 90 per cent, of the calculated quantity of ethyl j8- 
phenoxycinnamate, when the following method is adopted. Metallic 
sodium (1 at.) is dissolved in an excess of hot phenol, and, after standing 
until the phenolate has separated, ethyl phenylpropiolate (1 mol.) is 
gradually added to the S5till warm magma ; the phenolate enters into 
solution, whilst the temperature rises and a dark Oil is formed, which 
on cooling sets to a semi-solid mass. This is well shaken with dilute 
sulphuric acid and ether, during which process the viscous product 
entirely disappears. After the excess of phenol has been removed by 
frequently agitating the ethereal layer with dilute caustic potash 
solution, the ether is dried with calcium chloride, evaporated, and the 
remaining oil distilled in a vacuum ; it boils at 204 — 205*^ under 
10 mm. pressure. On analysis : 

0'2143 gave 0*5965 COg and 0*1205 H^O. C = 75*91 ; H=: 6*24. 

requires 0 = 76*11 ; H = 5*97 per cent. 

The ester is a colourless, odourless, viscous oil which after standing for 
some days gradually solidifies to a mass of Crystals which is readily 
dissolved by ether or hot>lcohol and bn recrystal lisation from light 
petroleum (b. p. 60—65°) yields prisms melting at 73—74°. 

On smsdysia, these crystals gave numbei^ which agree with those 
obtained in the case of the oil : ^ 


0=75-87 [fli 6-13 per cent. 

it remains liqmd for 
and solidifies slowly even after a crystal 
is placsed in the oil. A similar phenomenon is experienced with ethyl 
jS-p-cresoxycinnamate, whilst the corresponding esters obtained from 
o-cresoi and a-naphthol have up to the present shown no sign of solidi- 
fying, although prepared some weeks ago. 

P-Fhe^noxycinnamio aeid, OgHg‘C(O’CgH 5 )I 0 H‘GO 2 E[, is obtained by 
digesting its ester with alcoholic potash on the water-bath for 2 
hours ; after evaporating off the alcohol and adding water, a clear 
solution is obtained from which sulphuric acid precipitates an oil. 
This solidifies on standing a short time, and when recrystallised from 
. dfiiute alcohol colourless needles are obtained which soften at about 
and melt at 143° with evolution of gas. On analysis : 

S ' gave 0-frl97 OO 3 and 0-1040 H^O. 0 = 74-95 ; H = 5-12. 

reqaires 0=75-0 ; H=5-Q per eenfc. 

■ ‘ ajwiiigly soluble ia boiling water, but 
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readUy so in alcohol or chloroform, and dissolves with the greatest 
ease in ether. 

The salt is obtained as a white precipitate on adding silv'er 
nitrate to a solution of the acid in dilute ammonia ; it is only slightly 
soluble in cold water, exposure to light has little effect on it, and it 
can be dried at 100° without change. On analysis : 

0*3315 left, on ignition, 0*1030 Ag. Ag = 31*07. 

CigH^i^^^OgAg requires Ag=: 31*12 per cent. 

Fhenoxyatyrene, 0gH5*C(0*CgH5)ICH2. — As already mentioned, 
j8-phenoxycinnamic acid decomposes on heating, carbon dioxide being 
evolved, and nearly the theoretical quantity of phenoxystyrene being 
forijied. This compound boils at 151° under 14 mm. pressure; it is 
a colourless oil with an aromatic odour, and has the density d 17°/ 17° 
1*10729. On analysis : 

0*1957 gave 0*6160 COg and 0*1075 C = 85*84 ; H- 6*10. 

requires 0 =» 85*71 ; H 6*12 per cent. 

When bromine is added to phenoxystyrene, a violent reaction takes 
place, the whole becoming black, and hydrogen bromide being evolved. 
This gas is also evolved when carbon tetrachloride is used as a 
diluent, although the action in this case proceeds quietly ; the oily 
product, however, decomposes on distillation in a vacuum. When 
phenoxystyrene is heated with dilute hydrochloric acid, acetophenone 
and phenol are formed ; this was proved by shaking up the mixture 
with caustic potash to remove the phenol, then identifying the 
acetophenone, isolated from the remaining oil, by its boiling point and 
characteristic odour. On analysis : 

0*1816 gave 0*5315 COg and 0*1080 HgO. 0 = 79*82 ; H - 6*60, 
OgHgO requires 0 — 80*0 ; H= 6*66 per cent. 

The presence qf phenol in the alkaline solution was verified by the 
ordinary te^s^ ; 

Ethyl ^-o-Grespxyeimmmte, OgHg*O(O*O0H^*OB[3)ICH*COgO2H5. 

This compound is formed from ethyl phenylpropiolate and sodium 
o-cresolate in the same manner as ethyl phenoxycinnamate ; it is a 
colourless, odourless oil which boils at 212— -213° under 10 mm. 
pressure, and has not been obtained in the solid form. On analysis : 

0*1805 gave 0*5062 OOg and 0*1041 HgO. 0 = 76*48 ; H = 6*40. 

O^gHigOg requires 0 = 76*59 i H = 6*38 per cent. 

The hydrolysis of ethyl j8-o-cresoxycinnamate readily takes place 
on boiling with alcoholic potash for an hoqr. rqost of. the 
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alcohol has been removed by evaporation on the water-bath, the 
alkaline liquor is diluted with water and sulphuric acid added 
to the clear solution. This precipitates ^-o-cresox^innamio acid, 
^6S^5*^(0*C}gH^-CHg):CH*C02H, as an oil, which after a short 
time sets to a solid mass. The acid dissolves with great ease in 
alcohol or chloroform, very freely in ether, but only sparingly in 
boiling water. After being crystallised from dilute alcohol, it is ob- 
tained in colourless plates which melt at 133—134° with evolution of 
Chiron dioxide. On analysis : 

0*2047 gave 0*5665 COg and 0*1026 HgO. 0-75*47 ; H=5*56. 

^16^-14^3 p^uires 0 = 75*59 ; H = 5*51 per cent. 

The stiver salt is obtained as a white precipitate on adding silver 
nitrate to the solution of the acid in ammonia. On analysis : 

0*2992 left, on ignition, 0*0893 Ag. Ag = 29*84. 

requires Ag = 29 *9 1 per cent, 

0,H,-C(0-0,H,-CH3):OH,.-^-o-Oresc>xycinnaimc 
acid, on heating, deromposes quantitatively into carbon dioxide and 
o-c^oxystyrene; this substance is a colourless oil which boils at 158° 
under 10 mm. pressure; it is insoluble in water, but readily dissolves 
in alcohol or ether, and has the density d 19°/19° 1-0654, On analysis : 

0-1953 gave 0-6133 CO^ and 0-1173 H^O. 0^86-64 ; H = 6-67. 

requires 0 = 85-70 ; H: = 6-67 per cent. 


On digesting with dilute hydrocWoric acid, the o-cre^l ether of 
like the corresponding phenoxystyrene, is hydrolysed 
wi ^e greatest ease, and yields acetophenone and o-cresbl. These 
, Q Separated in the usual way, and identified as such by their 

boiling points and chemical behaviour. 


06H5-0(0-06H,-OH3):CH-C0202H5. 

For the preparation of this ester, the same method was used as in 
e previous ease ; the fact that the cresolate surrounds the metallic 
prevents it from dissolving readily necessitates prolonged 

If ease. The 

W? ^ 7“ overcome, however, by digesting the metal with a 

dissolved. On addirig ethvl 
^^l^pipkte to the hot magma, the whole liquefies and on cool- 
.semi-sohd .mass. This is shaken with dilute sulphuric 
after removal of the excess of the cresol and sub- 
of the ethers an oil was obtained which distils, at 
The quantity of the pure ester 
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obtained amounted to 80 per cent, of that required by theory. On 
analysis ; 

0*1963 gave 0*5509 COg and 0*1130 H 2 O. 0 =« 76*63 ; H = 6*39. 

CigHigOg requires 0=* 76*59 ; H = 6*38 per cent. 

Ethyl-jS-p*cresoxycinnamate, when redistilled, is a colourless, odour- 
less, viscous oil which, after standing for some days, begins to crystal- 
lise in needles melting, not quite sharply, at 73°. 

p-^-Cresoxycinnamio aeid, CeH5-C(0*CgH4-CH3)I0H*C02H, is ob- 
tained on hydrolysis of the ester by means of alcoholic potash, and 
is precipitated as an oil which solidifies after a short time, when dilute 
sulphuric acid is added to the alkaline solution. In its solubility and 
chemical behaviour, it resembles the esters previously described ; 
it crystallises from hot dilute alcohol in colourless needles which melt 
and decompose at 136^^ — 137° On analysis; 

0*1900 gave 0*6260 GOg and 0*0947 HgO. 0 = 75*50; H = 6*53. 

requires'C = 75*69 : H = 6*51 per cent. 

The silver salt, dried at 100°, was also analysed ; 

0*2605 left, on ignition, 0*0778 Ag. Ag = 29*86. 

Cj^gHjgOgAg requires Ag» 29*91 per cent. 

^’^resoxystyrem^ CQH 5 *C( 0 'CgH 4 *CH 3 )ICH 2 , is obtained by heating 
the acid ; it is a colourless oil having an aromatic odour ; it boils at 
162 — 163° under 10 mm, pressure, and has the density d 16°/16° 
1*0514. On analysis : 

0*1918 gave 0*6006 COg and 0*1167 HgO. 0 = 85*40 ; H = 6*75. 

CigHj^O requires 0 = 85*71 ; H = 6*67 per cent. 

j>-Oresoxystyrene is decomposed by boiling with hydrochloric acid, and 
yields acetophenone and jp-cresol. 

0gH5*0(O*OiQHy)IOH*OO2^^ 

a-Naphthol (1 mol.) is added to the solution of sodium (1 at.) in 
absolute alcohol, the alcohol* removed by heating the solution in a 
vacuum at 100°, and the dry naphtholate digested with ethyl )S-phenyl- 
propiolate (1 mol.), dissolved in toluene, for 4 hours on the water- 
bath. The product is treated with dilute sulphuric acid, then with 
■ caustic potash, and the oil which remains after evaporation of the 
toluene fractionated under diminished pressure. Almost the total 
quantity distils over at 270° under 16 mm, pressure as a yellowish 
oil which, at the ordinary temperature, has the consistency of Canada 
balsam, On analysis ; 
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0-1953 gave 0-5684 CO 2 and 01007 HjO. 0 = 79-37; H = 5-73; 
requires 0 = 79-24; H= 6-66 per cent. 

^-NajM^yoinmmie acid, OgH:j* 0 ( 0 *CioH^):OH- 002 H:, is obtained 
on bjdroljsis of the ethyl ester by raeans of alcoholic potash, and is 
thrown down as a resinous product on adding dilute sulphuric acid to 
the alkaline liquor after dilution with water ; the resin dissolves 
freely in sodium.carbonate, yielding a cloudy, reddish solution which is 
decolorised by animal chare(^; An excess of a mineral acid precipi- 
tates from the filtrate a whitish solid, which is scarcely soluble in 
water, but^ readily dissolves in ether; after being crystallised from 
alcohol, it is obtained in groups of colourless needles, and melts and 
decomposes at 152—153°. On analysis : 

0-1990 gave 0-5716 QOg and 0-0875 H^O. 0 = 78-33 ; H= 4-88. 

^19^14^8 requires 0=78-62 ; H = 4-83 per cent. 

The solution of the acid in ammonia gives, with silver nitrate, a 
white silver salt which is stable at 100°. A silver determination fur- 
nished the following result : 

0*2980 left, on ignition, 0’0815 Ag. Ag* 27*34. 

^^is^isOsA-g requires Ag = 27-20 per cent. 

^-o-Naphthoxycinnamic acid on heating loses carbon dioxide and 
yields a yellowish oil which boils at 212° under 10 mm. pressure. 

This has not been further examined, but there cannot be any doubt 
that it is a-naphthoxystyrene. 

‘ O0KTJI.1.B Aim Catos CoLiiBGE, 

Oahbbidob. 


LXXXIX .-— of FurfuraUehyde. 

By William CbEMACK. 

T^ mo^ reliable meaod for estimating this aldehyde is that of 
Fhnt and Tollens^(Za»«fM>. Tersu^-Suoim, 1893, 42, 381), which is 
^ed on the production and gravimetric estimation of the phenyl- 
bydi^ne. Their method, however, involves the use of a Sr 
^loh must be determined for the special conditions under which th^ 
^g^tion IS carried out, as it varies with the concentratioh ot m 

sincethephenylhydrazeme 
^Heated above 60°, the time required to dry it to constant 
i^^unhto from one to three days, according to the means 
tamatas s^v^ble. ■ The following method dispenses with the 
^ ia half an hour with a much 
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smaller qimntity of substance than is necessary for the successful 
application of the phenylhydrazone process. 

The method is based on the oxidation of furfuraldehyde to pyromucic 
acid by means of an ammoniacal solution of silver oxide, the reaction 
being represented by the equation 

C 5 HP 2 + Agp = + 2Ag. 

Under the conditions given, this reaction takes place quantitatively, 
so that the estimation of furfuraldehyde may be reduced to the volu- 
metric estimation of silver. 

A solution of ammoniacal silver oxide is prepared by precipitating a 
known weight of silver nitrate by means of caustic soda solution, 
thoroughly washing the silver oxide with water, and dissolving it in 
the minimum quantity of ammonia solution. The solution is then 
diluted todecinormal strength and standardised according to Volhard^s 
method by means <>f decinormal ammonium thiocyanate. 

The following r^ults were obtained with a solution of pure furfur- 
aldehyde which contained 2*50 grams of furfural in the litre. In each 
case, lOc.c. of th& furfuraldehyde solution containing 0*0250 gram of 
furfuraldehyde were added to 10 c.c. of the silver solution, and the mix- 
ture warmed at 20® for the times given in the subjoined table. The pre- 
cipitated silver was then removed by filtration through asbestos, the 
filtrate acidified/ with nitric acid, and titrated with decinormal 
ammonium thiqfcyanate solution : 


Time of 

AmSGN 

AgaO 

Furfuraldehyde 

heating, f 

required. 

reduced. 

foiiud. 

13 min. f 

5*0 C.C. 

5*0 C.C, 

0*0240 gram. 

19 / 

4*9 

5*1 

0*0245 

26 / 

4-8 

5*2 

0*0250 

32 / 

4*8 

5*2 

0*0250 


4*8 

5*2 

0*0250 


4*8 

5-2 

0*0250 


5 r 6 m this table, it is apparent that after .the furf uraldehyde has 
been oxidised there ds no further action on the silver soiuticm, Sp that 
the time of heating is immaterial so long as it is sufficient to p^mit 
complete oxidation. At 25®, half an hour is necessary, but at 70® only 
a few minutes are required. 

The-^trate from the precipitated silver gavej on acidification and 
treatment with ether, an ethereal extract, whidh, after evaporation, of 
the ether, left a crystalline residue .possessing the melting point and 
other properties of pyromucic acid. 

An ammoniacal solution of silver nitrate, such as was employed by 
Henderson in the estimation of sugars (Trans., 1896, 69, 145), cannot 
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be substituted for the ammoniacal solution of silver oxide in the 
estimation of furfuraldehyde. 

ApjjiicaMm of the Method to Furfuraldehyde Solutions obtained 
from TesctUe Fibres^ Sugars^ dsc. — The vegetable substance is distilled 
with 10 per cent, hydrochloric acid until furfuraldehyde no longer 
passes over in the distillate (Flint and Tollens, he. cit. ; Cross and 
Bevan, CeUtdose,p. 99). The volume of the distillate is measured, and the 
whole, or a known fraction of it, neutralised with solid sodium carbonate* 
A small quantity of oxalic acid is then added, and the solution dis- 
tilled with steam. The distilling dask must be provided with a trap 
bulb, otherwise chlorides pass over into the distillate. The distillation 
is continued until a drop of the distillate no longer gives a red colora- 
tion with a solution of aniline acetate. Excess of ammoniacal silver 
solution is now added to tho distillate, and the mixture heated to 
60 — 70°. The form in which the reduced silver separates varies 
according to the strength of the furfuraldehyde solution. A mirror is 
frequently’ formed on the walls of the containing vessel, but occasion- 
ally the silver remains suspended in the colloidal condition, and cannot 
be filtered off. In such a case, it is necessary to cool thb reduced solution 
and then add a few c.c. of 25 per cent, solution of caustic potash to 
induce coagulation. The caustic potash used must 'iof course be free 
^rom chlorides. The silver is then filtered off and thb filtrate acidified 
and titrated with ammonium thiocyanate as before. \ 

The following results were obtained by this method \ 

A sample of jute (distilled under special conditions jso as to obtain 
the maximum yield of furfuraldehyde) yi^ded 500 cic, of di^illate. 
Of this distillate, 400 c.c. yrere timted by the phehylhy&assMe method 
of Flint and Tollens, and 100 c.c, hy the silver method as above 
described. 


Phenylhydrazine method 
Silver method....... 


.furfuraldehyde =10*9 percent. 
= 10‘7 „ 


By the phenylhydrazine method. Smith (Trans., 1894, 65, 479) found 
the percentage of furfuraldehyde from oat-straw cellulose to be 14*5. 
Two samples treated by the silver method gave respectively 14*4 and 
14*8 per cent. J 

The silver method, then, wifeh pure solutions of furfuraldehyde gives 
accurate results, and also results for celluloses, &c., which are com- 
parable with those obtained by the phenylhydrazine method. The 
advantages it possesses over this method are that a much smaller 
quantity of material need be used for the estimation, and that the 
time required xn the actual determination of furfuraldehyde in a 
hydrochloric acid distillate is reduced from a day to half an hour, 
llHivsfiaOT CoLixoE, Bunbeb. 
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fbibdel memorial lbottjre. 

By J. M. Obafts, Professor. 

The tomb of Friedel at Montauban bears the inscription : 

Chables Friedel 
n4 Strasbourg le 12 Mars 1832 
accede k MIontauban le 20 Avril 18<}9 
Membra de I’Institut. 

“ Le juste ^via’par la' foi 
La m^moire dn juste sera en b&^diotipn.” 

So far as a tombstone can bear faitb fill j. ' ...» 

description is true of a man ^ho chose seienoe“55s^2' ' 

Strove to do his duty towarHo ^ .his pccapation, an 

thiw tempos < 

meat of science stands the ^'^^ance 

b.ro.d U. «« JionTSS.,* .T-f. 

national disaster serving aq n ^ ‘ M^r_the Prencl 

reasoning of his countrymen a'nd”^*^ *«t'’feen the seientifit 

Tht 4«.», J“SsSu f 

the younger men for educational patronage ol 

IVance. The dei'^ of - 

leader whom heohooi to fSot a greatly upon the 

laembers of a school to m t’ •+ sufficient cohesion among 

foUowerB of Wuita anro«i,^ ^tt ^ the oldest of the Praieh 

later, Hdariot and tfea Conibes WitTV Inbel, and, 

of oharardar, a.„U rte acSS. S. ■‘T* 

group of men, bound together by a oomm enlarge this 

of vi^ws, until the school regard and by community 

progress. “ important factor in the nation’s 

is exercised is in the^^dem^^S^n”®^ ^h 

very effective means of exerti^^ iofl^ organisation offers 

8 y 
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tion of large numbers of prizes, and in the examination by committees 
of questions of scientific, and sometimes of national, interest. Friedel 
played an important part in tbis work, and his competency in chem- 
istry, mineralogy^ and mathematics, together with his evident fair- 
mindedness, gave great weight to his opinion among his colleagues. 

There is much significance in the way in which the title, Member of 
the Institute, is used as the only record of occupation placed upon 
FriedeFs gravestone, and it is quite in accord with French usage to 
consider this distinction one of the highest that the nation can 
bestow ; thus Napoleon, in familiar letters, having nothing to do with 
science, signs himself, Bonaparte, G4n4ral en Chef, Memhre de 
FInstitut.’' ' 

The circumstances of FriedeFs family, as well as his subsequent 
position, favoured the development of his scientific career. His child- 
hood, passed at Strasbourg, brought him, even during school years, 
in contact with men of science, and his inclination for scientific studies 
was favoured by his parents. 

He took his Bachelor’s degree in letters in 1849, and that in science 
in 1850, He then entered his father’s counting-house, and while there 
had an opportunity of attending lectures by Pasteur, Daubr^e, Bertin, 
and Lereboullet at Strasbourg ITniversity, His stay in the counting- 
house lasted only a year, and, as might have been expected, the 
attractions of science presented by such men drew him away from 
commerce. 

In 1851, he went to Paris to live with his maternal grandfather, 
G. L, Buvemoy, Professor at the Goildg® de Prance and the Museum 
of Natural JEBstory^ |Se took the laeentiate degree in matheimtics at 
the in 18^4, and that M July 7th, 1855. 

While, pm^nin^ ^^:iese studies, he commem;^ research work at the 
M u a ero , and a letter, dated December 21st, 1854, speaks of the dis- 
covery of two new faces in crystals of corundum, given him for 
ex am i na tion by Bufrfeoy (he had refused a place of assistant with 
that mineralogist), and also of a research eonfded to him by Wurtz. 

He followed the lectures of Senarmont at the School of Mines, and 
formed a strong personal attachment to him while engaged in 
mineralogical studies under his guidance. In 1856, Priedel was 
appointed Curator of the mineralogical collection of the School of 
Mines, then under the direction of Bufr^noy, and for the remainder of 
Ms life was actively occupied with enriching that important collection. 
He was at first attracted by the crystallographical side of mineralogy, 

^ towards optics, until, at the suggestion of Senarmont, be 

. deiN>ting himself to mathematicsand becoming an astronomer j 

chesnicai side absorbed his attention, and during ;4be 
Ms life Ms time was divided l^tween pure chemistry 
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and chemical mineralogy, although he always took especial pleasure 
in the examination of crystalline forms. Somewhat later, he was 
advised by Pasteur to seek an entrance to the Academy of Science in 
the section of mineralogy, to which Pasteur himself belonged, but 
Friedel preferred to make chemistry his principal study* 

On November 10th, 1854, Friedel entered Wurtz*s laboratory, and 
soon became its most distinguished pupil. There were some sixteen 
places, of which usually one-third were occupied by foreigners, par- 
ticularly Russians, Germans, Austrians, and Italians. The rooms at 
the School of Medicine were inconvenient, having been designed for 
other purposes, and the balances were placed in an anatomical lecture 
room ; yet this school succeeded in some measure to that of Liebig, 
and was visited by chemists of all nations ; for European science still 
held to the traditions of the time of Humboldt, and a sojourn, however 
short, at Paris was considered a desirable part of a scientific education. 

FriedeTs researches upon, acetones and aldehydes were made at this 
time, 1857 — 1863, in the laboratory of the School of Medicine, and 
his views of their constitution, and his discovery of secondary propylic 
alcohol, were immediately recognised as important contributions to 
chemical science. 

In 1866, the privilege of a small laboratory at the School of Mines 
was attached to the place of Curator of the mineralogical collection, 
and it was the|?e that Friedel’s work in mineralogy was done, as well 
as the researches upon silicon compounds and the aluminium chloride 
reaction. He had, between 1866 and 1880, an apartment in the, 
buildings of the School of Mines. In 1869, he took his Doctorate 
degree, offering two theses, one upon acetones and aldehydes, and the 
other upon the pyroelectric properties of crystals. In 1871, he gave 
the lectures in mineralogy at the Normal School (Ecole normale 
supdrieure), replacing Des Cloizeaux. 

, La 1876, he was appointed Professor of Mineralogy at the Sprbonne, 
sm^dl^ D^lafosse, and he there organised a laboratory for mirter^ogy. 
Two y ws l^te% ho Member pf the Academy of Science in 

the chemical section^ the place left vaqanb by the dearth of 

Regnault. 

The death of Wurtz in l884 left Friedel the. oldest representative 
of Wurtz’s school and he succeeded to Wurtz's professorship of organic 
chemistry at the Soi'bonne, exchanging this chair for that of mineralogy. 
The laboratory accommodation for chemical students was very ^in- 
sufficient at Paris and the old buildings at the Sorbonne were still 
more unsuited to such work than were those of the School of 
Medicine. A project for new and greatly enlarged buildings was 
under consideration, but with small prospect of immediate realisation, 
so that Friedel devoted his energy to the construction of a temporary 

■ 3 V 2 ^ 
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laboratory building beyond the Luxembourg Garden in the Rue 
Michelet, where also^the inorganic laboratories of the Sorbonne under 
Troost were located. These rooms, although lacking the [luxury of 
the modem laboratory, proved to be convenient and the places for 
about fourteen students were always filled. 

In January, 1895, the new laboratories at the Sorbonne, built upon 
Rrieders plans, were opened with places for thirty students in organic 
chemistry, and at the same time he organised a three years^ course of 
lectures and laboratory instruction in industrial chemistry at the 
provisional laboratories in the Rue Michelet. Sach instruction had 
heretofore been wanting in Paris. It was undertaken at FriedeFs 
instigation by the Municipal Government, and the attention required 
by the initial steps, and afterwards by the direction of this new course, 
formed an important occupation during the last four years of his 
life. 

He took the chief part in 1899 in founding the Revue Gdn^rale de 
Ohemie pure et appliqu4e, which is largely devoted to industrial 
applications. Friedel was associated with Wurtz in editing the 
Dictionaire de Chemie pure et appliqude and after Wurtz^s death in 
1884 became the chief editor of the supplements, of which the second 
has only progressed to the letter G, During the later years of his 
life, editorial work, together with the work upon committees and 
administrative duties, engrossed more and more of his time, and he 
often regretfully looked back upon the hours spent upon experiments 
in his laboratory which he ever considered the most enjoyable. 

He was one of the founders of the French Ghiemical Society, four 
Mmes its Prudent, and a constant attendant at its sittings. He took 
the initiallve in founding the French Society for the advancement of 
Smence in 1885, and prided at the meeting at Haney in 1886. He 
presided at the International Congress of Chemists held in 1892 at 
Geneva for the reform of the nomenclature of the fatty acid series, 
and up to the time of his death ^as .occupied with the arrangement of 
a similar meeting to attempt the construction of a common system of 
nomenclature for the other classes of organic compounds. 

He was awarded the Davy ’medal by the Royal Society in 1880 ; 
received the degree D.C.L; from Oxford University in 1894, 

The following societies conferred their membership or honorary 
membership on Friedel : Foreign member of the English Chemical 
Society, 1876 ; Industrial Society of Mulhouse, 1879; Physical 
Geneva, 1880 ; lioyal Society of Turin, 1882 ; Academy dei 
iinm, 1883 ; Academy of Munich, 1883 ; Royal Academy of Lisbon, 
natural History Society of Maxon, Society Antonio Al^to 
; Roy Society of Brussels, 1892 ; Society of Ph^ics 
I® Bucharest, 1892; Literary and Philosophical 
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Society of Manchester, 1892 ; honorary member of the German 
Chemical Society, 1894; Royal Society of Sweden, 1894; correspond* 
ing member of the British Association for the Advancement of 
Science, 1895; Royal Society of St. Petersburg, 1895 ; Physical Society 
of Frankfort, 1898. 

He was made Chevalier of the Legion of Honour in 1869, and Officer 
in 1886. He was Officer of Public Instruction, and was also Commander 
of the Orders of St. James of Portugal and of the Crown of Roumania. 

Before taking up the record of FriedePs work in science, a further 
description may be given of the fortunate surroundings, which not 
only favoured the development of a judicious and amiable character, 
but also gave full play to his scientific ability. Bpis tastes found 
immediate and hearty appreciation and support from his parents and 
relations, and sufficient pecuniary resources were always at his com- 
mand to allow him to do his chosen work in the best way. 

His love of science was hereditary. His father, Charles Friedel, 
although beginning his long commercial career in a banker^s office at 
the age of thirteen, attended scientific lectures at Strasbourg whenever 
he had the opportunity, and, at the age of eighty-four, expressed his 
regret that necessity had prevented him from following a scientific 
career, and his satisfaction that the choice had been offered to his son. 

The mother was a woman of strong character, and came of a pro- 
fessorial family. Her father was George Louis Duvemoy, a physician 
established at Mountb41iard, and later Dean of the Strasbourg Faculty 
of Science, and finally Professor at the Museum of Natural History at 
Paris. 

The gathering of a small collection of minerals by the boy was 
encouraged, a laboratory was tolerated in his father^ s house, and later, 
when he was staying with his grandfather Duvernoy, he was aided in 
his choice of studies by the veteran in science, until failing health 
made the older man dependant upon the younger. A letter written in 
1854 describes occupations which are not generally attributed to a 
student in the gay capital; thus the day was devoted to arduous 
studies to prepare for the baccalaureate examination, long evenings 
were spent in watching with or reading to the grandfather, and on 

Sundays some hours were given to visiting the poor. 

Senarmont, with whom he began mineralogical work, took a strong 
and friendly interest in the young student, and FriedePs friendship 
with Wurtz was a very important factor in his career. Both 
Alsacians, united by tastes, opinions, and pursuits, the elder chemist 
opened the way for the younger in professional and editorial work 
Wurtz’s high reputation, his activity in public affairs as well as in 
science, led to the creation of the chair of organic chemistry at the 
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Sorbonne, and after Wurtz’s death in middle age, Friedel's studies and 
talents naturally marked him out as the successor r Wurtz’s influence 
in Government circles also prevailed, after long-continued effort, in 
obtaining support for laboratory instruction, and, shortly before his 
death, the orders were given for the construction of a large modern 
laboratory at the Sorbonne, the plans of which were matured, and the 
construction superintended, by Friedel, 

The two friends were very intimate, and were thoroughly in accord 
regarding all matters of public and scientific interest, but in later 
years Wurtz became much occupied with duties connected with his 
senatorship, whilst Friedel was never diverted from scientific pursuits. 
In consequence, the share of the latter in editing Wurtz's chemical 
dictionary became larger. 

Until within a few years of his death, Friedel never had a well-equipped 
laboratory provided with labour-saving contrivances, nor was he dis- 
posed to have much work done by assistants, preferring to leave very 
ample opportunities to all those about him for doing original work 
and publishing it alone, whilst aiding them untiringly with his 
counsels. For these reasons, the volume of his contributions to 
chemical research is not very large, and many an idea passed into 
other hands for execution. 

Most of the work in organic chemistry was done in a small room in 
the fine palace on the Luxembourg Gardens which is used for the 
School of Mines, whilst a dark, vaulted cellar served for the artificial 
production of minerals at high temperatiires and pressures. Here 
Friedel and Edmond Sarasin heated Jacob ” to a very low red heat 
at whatever pressure boiling watm? gives at that temperature. The 
i^gin of the name is Ic^t, but ** Jacob ' ’ was the only designation of a 
very h^vy steel tube Hned with platinum, in which water and pure 
materials intended to make silicates were heated overnight, and the 
fate of Jacob ” was a matter of lively interest each morning in the 
laboratory. There was no serious explosion, but any attempt to 
economise in the weight of the thick interior platinum tube led to a 
disaster. 

Friedel married Miss Emilie Koechlin of Mulbouse on December 29 th, 
1856. One son and four daughters were born of this marriage. The 
surrender of Paris in 1871 brought to him the sad news of the death 
M Ms chaimdng and amiable wife, who had been obliged by failing 
to pass the winter at Montreux and died on January 1 9 th, 1871, 


fe her husband was Irving in the national guard during the siege. 
Yth, 187B, he married Miss Louise Combes, daughter of the 
the School of Mines, and a son was born of the second 
^The dbaracter and education of his wife, who still survives, 
st^d companioni his last illness^ 
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his wife and several of his children were with him at the house of his 
son-in-law, Professor Henri Bois at Montauban. 

PriedeFs life in Paris was wholly devoted to science, and was not 
unlike that of the professor in a university town. Weekly evening 
receptions kept him in touch with his scientific friends and scholars. 
In the discussions which took place on these occasions, his modesty led 
him instinctively to play the part of a listener until every one had 
expressed an opinion, and then all were glad to hear a new and funda- 
mental treatment of the subject from PriedeFs lips. It is a piece of 
good fortune for an honest man to have a face expressive of character, 
and his was eminently one which immediately convinced a new 
acquaintance that the man was incapable of guile, and thus inspired 
ready confidence and the ease of intercourse which goes with it. 

He was a lover of music and of art, and his favourite recreation 
was sketching from nature. He took a strong and judicious interest 
in political affairs. Very happy in his family life, and in many 
intimate friendships, escaping unfriendly rivalries by his character 
and circumstances, he was permitted from the beginning to the end 
to carry on with a single mind the pursuits which he loved. The 
pursuit of science and his duties as a husband, father, friend, and 
citizen made up PriedeFs existence. He was always disposed to work 
somewhat beyond his strength, and in 1885 a severe illness diminished 
considerably for the remaining years his capacity for experimental 
work, but not for editorial labours. 

One of the elements contributing to a certain retirement from the 
disturbing interests of life in the French capital were the associations 
into which PriedeFs Protestant faith {Eglise led him. Isola- 

tion is too strong a word to be applied to Protestant society at Paris, 
and yet in certain ways their habits of thought are different from 
those of their neighbours. Strong motives for these differences still 
smwive among the Protestants of the older generation from the south 
of iftsanoe, and the second wife of Priedel cannot forget having passed 
her childhood hear Hisiaes in a house where the cofiShs of herr^ations 
occupied one of the drawing rooms because, as Protestants, they were 
refused Christian burial. No memories of persecutions haunt the 
immediate past of the Aisacian Protestants. Those who elected 
Prench nationality after the war, or who, like Priedel, were fortunate 
in having already chosen their residence in Paris, have had full 
recognition of their patriotism and of their value as citizens ; never- 
theless, a mental harrier is raised to some extent between Protestants 
and Catholics, and curious testimony of this attitude was lately offered 
when the latter joined with an army of Freethinkers and affected to 
confound the Protestants with the Jews. Not religious controversies, 
but different habits of thought, as marked as racial characteristics, 
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make a distinct, although faint, line of separation between general 
Parisian society and that in which Priedel moved. Por a man of his 
character, it must not be supposed, however, that any distinct obstacle 
prevented perfect freedom of intercourse with men of all shades of 
opinion. 

After very deliberate reflection, the writer cannot forbear adding a 
piece of personal testimony to this sketch of a life's work. During 
thirty-eight years in which a close friendship made him a witness of 
conduct and actions, he cannot recall a single instance in which he 
would have wished his friend to have thought or acted otherwise than 
he did. 

Chemical Eesemches, 

Friedel at the age of twenty-five chose the ketones (acetones they 
were called at that time) for the subject of his first research, and he 
was fortunate enough to establish experimentally the properties of the 
first of the important series of secondary alcohols, besides preparing 
many new ketones and .their derivatives {Ann, Ghim, Fkys,, 1869, 
[iv], 16, 310), While preparing new substances, he held the theoretical 
side of the subject distinctly in view, and did much to set it on a firm 
basis. 

At this period, Gerhardt was the authority oh organic chemistry. 
The type theory had been well developed, and owed much of its value 
to the discoveries of the compound ammonias and the bivalent alcohols 
by Wurtz. KekuB, in the first volume of his organic chemistry, 
published in 1861, used the existing ideas of typ^ and radicles in a 
much more rational way than his contemporaries^ but there was some 
cmtifuaion in the use of what he called rational and reactional forinulse, 
and much ranained to be done in presenting schemes of structure 
capable of explaining the relation between the constitution and proper- 
ties of a substance. With greater or less distinctness, the chemists of 
the day recognised the possibility of explaining functions by formulse, 
and Friedel was the first to so enlarge the data as to give what were 
accepted as convincing proofs of the dependence of the functions of 
the CO group in acetones upon the form of combination. 

Elekul^ devotes only seven pages in his first volume to the known 
ketones ; he does not mention them under the section Carbonyl com- 
poundi^’' and he us^s five formulse for acetone : 

Ih III. IV. y, 

"00 1 

calils formulse, and probably considered It to 

iiwmof l and Y ^ IV. On page 617, he says that 
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the mesityl compounds point to Y as the rational formula for acetone ; 
the remaining reactions are explained by III. 

It is unnecessary to give a catalogue of the new ketones obtained by 
Friedel, using known methods. In his first paper (Compt rmd.^ 1857, 
45, 1013), he describes phenyl methyl ketone and methyl butyl ketone. 
He also studied the products of the action of phosphorus pentachloride 
on the ketones, obtaining a new propylene dichloride and mono- 
chlorinated propylene. The chief purpose of this work was to furnish 
further proofs of a similarity- of function between aldehydes and 
ketones. This had already been indicated by certain reactions common 
to both series. Thus Limpricht had described the additive compounds 
with sodium hydrogen sulphite, and Stadeler those with hydrocyanic 
acid. Cahours had shown that an aldehyde treated with phosphorus 
pentachloride does not break up like an alcohol or an ether, but that 
two atoms of chlorine are substituted for oxygen. Friedel completed 
the demonstration by showing that acetone behaved in the same 
way. 

Friedel, in a second paper (Compt. rend., 1862, 66, 63), described 
the behaviour of aldehydes and ketones on reduction with sodium 
amalgam (zinc and an acid cannot be employed because the production 
of hydrogen is arrested by aldehydes). Wurtz had used the sodium 
reduction for ethylene oxide, but was prevented from applying it to 
aldehydes because of the resinifying action of caustic soda on common 
■aldehyde. Friedel succeeded in reducing benzaldehyde and valeralde- 
byde to the corresponding alcohols, and acetone to a propylic alcohol, 
which was not identical with the primary one (b. p. 97*3®) discovered 
by Chancel in 1853 among fermentation products. He believed it to 
be identical with a propylic alcohol prepared by Berthelot in 1856 by 
the action of sulphuric acid on propylene. 

Ho experiments had been made to prove that Chancers alcohol gave 
propionic acid and Berthelot's alcohol acetone on oxidation, and Friedel 
it superfluous to ascertain whether a substance derit^-:fK># 
acetone by roduotiou would give acetone on pxidatibn* JColne: look 
advantage of this omission to bring forwatd his th^r^ical w 
predicting this nearly evident fact, and at the sa^ie tinie giving a clea^ 
exposition of the difference between a primary and a secondary alcohol^ 
The capital point was the discovery of the relation of a secondary 
alcohol to its oxidation product, and it may be considered that Friedel’s 
reduction of acetone accomplished this task. 

Berthelot (Ann. Chim. Fkys., 1855, [ iii ], 43, 399) afterwards t^ted 
the alcohol derived from propylene, and found that it also gave acetone 
on oxidation. ' 

It should be stated that Kolbe recognised more clearly than the ^ 
other chemists of that time the sigaifi,cance and the importance of the 
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existence of two kinds of propylio alcohol, one of them offerinir the 
nrst example of a secondary alcohol. 

Fnedel also observed the formation of pinacone, and pointed out its 
W It had been discovered by Fittig, and supposed to 

. of OjHijO. Later, in 1873, Priedel and Silva (BvM. Sob. 

[ii], 19 , 289) described a process for the convenient prepara- 
tion of large quantities of pinacone. 

^ Wurtz and Friedel (Ann. CUm. 

y ., 1861 , [m], 63, 101) showed the difference between the alcoholic 

the acid functions of the two hydroxyl radicles in lactic acid, and the 
on^ponding properties of the two esters. They explained that lactic 
s IS intermediate between propyl glycol and malonic acid, as glycoUio 
_ 1 IS intermediate between glycol and oxalic acid. The alcoholic 
hydroxyl they call basic. 

Pnedel and Machuca (Gompt. rend., 1861, 52, 1087) described the 
ynthesis of lactic acid from bromopropionic acid, glyceric acid from 
dibromopropionic acid, hydroxybutyric acid from bromobutyric acid 
an butalamne by the action of ammonia on bromobutyric acid. 

j -Oecomposirion*.— Priedel and Crafts (Oonvpt. 

*^.,1863, 57, 877, 986) showed that when the ester of an alcoM 
m heated with another alcohol, one radicle partially displaces the other 
aa one metal displaces another in salts. Mixed esters of polybasic 
amdsare formed by a similar process. Alkyl iodides heated with 
«ters give nse to similar displacements, but here a little hydr<«en 
lodrie IS set free, and serves to esteiify a large quantity of alcohoL 

^edel subsequently made a contribution to the theory of esterifi- 

^faon by means of halogen acids by showing that, in presence of 
pfa^e™ oade, hydrogen chloride converts a considerable proportion 
of ben^ic amdinto benzoyl chloride, and supposes that a similar trans- 
fo^tion contributes to esterification (Compt. rend., 1869, 68 15471. 

^e experimental diflieulties of these early problems were not great 
and chemmts were rewarded for their labours by the rapid appearance 
of new Butetances ; the next research led on to more diflScult ground 
Oomponnds.—'FnedeVs interest in mineralogy led him to 
question of the atomic value of sihcon. The 
Wwtz had completely accepted the authority of Avogadro's 
SiOl, represents the molecule of the best know^ 

AfesMe comijoiind of fifilt/irtn - ■D,,J5C Jl TTr-o -i <•. , _ . 


icpmpoand, 


j luoiecuie or me best known 

of silicon ; but Buff and Wohler discovered in 1857 
soon • Sij01g2H01 (Si = 21), whose formula is incompatible with 

the new substance as a 
<>^6 action of hydrogen chloride on 
’ tervalent formula was welcomed by 

^ aoenstomed to the calculations of mineral 
- ^ The new discovery, however, did 
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not convince Friedel, who considered that, beside the vapour density 
of silicon tetrachloride, the work of Marignac and the whole 
assemblage of facts pointed to the tetratomicity of silicon, and 
sought a confirmation of his views in the organic compounds of the 
element. 

Friedel and Crafts {Corrupt, rend,, 1863, 56, 324; 67, 319) to6k up 
the work of Ebelmen {Annalen, 1844, 52, 324; 1846, 57, 319), expecting 
to find that the normal ester Si(OEt)^ would form a series of con- 
densed esters of which the simplest, upon a quadrivalent scheme, 
must be Si(0Et)g"0*Si(0Efc)3. It was proved that this compound, and 
others more complicated, for example, Si(0Et)3'0*Si(0Et)2'0*Si(0Et)3, 
were produced by the action of a trace of water on the normal ester. 
The first of the series can be easily purified by fractional distillation ; 
but the boiling points of the other members, even in a vacuum, are so 
high that a separation beconies impossible, since they boil at tempera- 
tures at which glass softens, without giving off much gas, but under- 
going polymeric transformations. The quadrivalent character .of 
silicon was also shown by allowing anhydrous alcohol to act on an 
excess of silicon tetrachloride, when a series of well defined chloro- 
hydrins was obtained with the formulae Si01(0Et)3, SiCl2(OEt)2, SiClgOEt, 
The composition and vapour densities of these substances agree only 
with the atomic weight 28 for silicon. 

The polysilicic esters recall the series of polyglycols and the analogy 
between the quadi*ivalent elements, silicon and carbon, was so marked 
in all these organic compounds, that it seemed desirable to attempt to 
replace carbon by silicon in a hydi’ocarbon and to endeavour to make sili- 
cononane SiCgHgo. It was thought that this domain might belong to Pro- 
fessor Frankland, but after consulting him Friedel and Crafts were cour- 
teously informed that the research was open to them, Professor Frankland 
statmg that the few attempts which he had made to obtain a reaction 
between siHcte chloride and zinc ethide had not been successful. A 
ifatte h%h required and some gas 

large quantitiee of 4 pure substance, Si(Et)4^ distiffibg at 153? wa?e 
prepared. tTidike most Organo-metalliq compounds, this sub$tan(^ 
very stable towards all reagentt# and hi^ completely the aspect of a 
hydrocarbon except that when it burns, itfoimas a sMc^e of silica. In % 
chlorine can be substituted for hjdrOgen and then hydroxyl for 
chlorine, giving silicononylic alcohol^ OH. In the 

that petroleum hydrocarbons are acscompanied by small quantities of 
oxidation products, mostly ketones and alcohols, so also silicon tetrethide, 
both during its formation and afterward by contact with air, is liable 
to an oxidation more rapid than petroleum, but still Very slow. On 
account of oxidation, some diJSficulty was experienced in obtaining the 
siJico-hydrocarbon pure until the oxygenated products were separated-; 
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by solation in concentrated sulphuric acid, which does not attack the 
hydrocarbon. Thus an. unmistakable analogy is established between 
the general character of carbon and silicon compounds, and Friedel 
afterwards made use of this resemblance in building up rational 
formulae for mineral silicates. 

Silicic esters of other alcohols were prepared and also silicon tetra- 
methide, but with much more difficulty than the ethide. 

It may be noticed that when the esters are slowly decomposed by 
penetration of moisture dui-ing many years, an opaline silica, hard 
enough to scratch glass, is obtained. 

Friedel and Ladenburg (BvXl* Soc. CMm., 1867, [ii], *7, 322) took 
up the study of Bujff and /^bbler's silicon hydrochloride, Si2Cl3,2E[Cl 
(Si — 21), and showed that it could be separated by fractional distilla- 
tion into silicochloroform, SiHCl^, boiling at 36% and silicon tetra- 
chloride, SiCI^, boiling at 55 — 60% By action of alcohol, the former 
gives SiH(OEt)3, and with water an oxide, SigH which corresponds 
with formic anhydride containing silicon instead of carbon. 

An impure silicon hydride was described by Buff and Wohler ; the 
pure compound was prepared by the action of sodium upon the ether 
SiH{OEt)3. 

Friedel and Ladenburg {Annalen^ 1868, 146, 174) found that a 
sulphide to which Pierre gave the formula SiClgS (Si«2l) really 
contained hydrogen and was a silico-trichloromercaptan, SiClgSH. 
The SH radicle can be replaced by bromine to obtain SiOlgBr. 

Friedel and Ladenburg (Oompt, rend,^ 1868, 66, 530) obtained 
SiOlg* G^SiGlg by passing silicon tetrachloride through a red hot 
porcelain tube, the oxygen being taken from the porcelain. This 
oxychloride gives with alcohol the same ester, Si(0Et)3“0’'Si(0Et)3, as 
that obtained by the action of water on the ortho-ester Si(OEt)4. 
With zinc ethide, it gives SiEtg'O'SiEbgand this oxygenated compound 
seems also to be formed in the preparation of silicon ethide. 

Silicon tetriodide, Sil^, and silico-iodoform, SiHIg, were prepared by 
the action of iodine and hydrogen iodide on heated silicon, and 
Buff and Wohler's formula, Si2Tg,2HI, for the product of the reaction, 
was shown to be erroneous (Friedel, Bull. Soc. Chim., 1868, [ii ], 9, 1). 
Tbe compound, SiBrgI, boiling at 200° was obtained by the action of 


bromine on silicon tetriodide, Sil^. 

. Silicon triiodide, SigTg, was obtained by heating the tetriodide, Sil^, 
wM inely divided silver at 300° (Friedel and Ladenburg, Compt. 
1869, 68, 920 ) ; a non-volatile substance, Silg, was also obtained 
yields hydrogen on treatment with potassium hydroxide. The 
reacts with water to give the compound Si202(0H)g., which 
i as oxalic acid, in which carbon is replaced by silicon. 


^^ I^odide, the trichloride, SigGlg, boiling at 146% was ob- 
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tained by treatment with mercuric chloride (Friedel, Ber,, 1869, 2, 
747), and the ethide, 812 ( 02 ^ 5 )^, by the action of zinc ethide, 

Silicopropionic acid, OgH^Si’O'OH, was prepared by the action of 
zinc ethide on the chlorohydrin, SiCl( 002 H 5 ) 3 , and subsequent saponi- 
fication of the product. 

This brilliant investigation by Friedel and Ladenbttrg, in which 
frequently great experimental difficulties were overcome, established 
with unhoped-for completeness the strong analogy between silicon 
and carbon compounds. 

Titanium -—Friedel and Guerin (Compt. rend., 1875, 81, 

889), by the action of silver, reduced titanium tetrachloride, TiCl^, to 
the trichloride TigOIg, but found that when an attempt is made to 
purify the latter by distillation, it breaks up into the dichloride, 
Ti 20 l 4 , and tetrachloride, TiOl^. By interaction with bromine, the 
dichloride gives the compound TiCl 2 Br 2 . Bromine converts the tri- 
chloride, TigOlg, into the compound TiOl^Br ; the oxychloride, TiOOl 2 , 
“vyas also prepared. 

In the description of FriedeFs mineralogical work will be found an 
account of titanic oxides derived from these chlorides. 

Friedel and Gu4rin {Ann. Ckim. Fhys., 1876, [v ], 8 , 24) also studied 
the compounds of titanium with nitrogen, and isolated the nitrides, 
Ti2N2 a^id TigF^, 

Mioced Halogen Compounds of Hydrocarhons . — Friedel and Silva 
{Jakresb., 1870, 419; Gompt, rend,, 1B71,*7B, 955 y Bidl, Soc. Ghim,^ 
1872, [ii], 17, 637) found that only one-half the bromine in bromo- 
propylene is replaced by chlorine when treated with mercuric chloride ; 
with ethylene chlorine, the action is complete at 180°, and all the 
chlorine is replaced. They obtained 1 : 2 -dichloropropylene, 1 :3- 
diohloropropylene,and 2 :3-dichloropropylene by new modes of synthesis. 
The physical constants and chemical reactions of these bodies were 
determined, and so far as the methods of the day permitted, their 
rational formula were fixed. 

The action of iodine monochloride* on chloroform was found- ^ give 
rise to carbon teiaraehionde, OOi^ (Friedel and Silva* BnU* Ohim 4 
1872, [if], 17i 537) ; with ethylene or propylene, iodine monochlpride 
formed dichlorides with separation of iodine. 

Synthesis if Glycerol,— ‘Erieid Silva {Gomptr rmd,, 78, . 

1379; 1872, 74, 806) undertook the synthesis of glycerol from 
the elementary components. At this time, although it was recog- 
nised that the rapidly increasing number of ’ such syntheses held 
out a prospect for making all natural products artificially, yet few 
means were at hand for supplanting the work of nature, and the 
synthesis of glycerol had not been accomplished, /So soon as the 
true formula was known, OH 2 (OH)*OtT(OH)*OH 2 *OH, the only 
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diJEcuIty lay in attaching a halogen atom to each of the three 
carbon atoms* At first, allyl iodide was used for the preparation of 
trichlorohydrin, but afterwards, in answer to an objection from Ber- 
thelot that allyl derivatives came from glycerol, propylene was pre- 
pared from acetone, and by treating this with chlorine and with 
iodine monochloride, trichlorohydrin was obtained, which was ea.sily 
transformed into glycerol. 

was one of the most important substances 
prepared during an extended study of the products of the action of the 
halogens on the simpler hydrocarbons. It was the first example of 
the type GE^, and was prepared by the action of zinc ethide on di* 
methylmethylene dichloride, (OHg^OOl^ (Friedel and Ladenburgj 
Oompt, r&nd,f 1866, 63, 1083). 

A new mode of preparing allylene was discovered in the action of 
caustic potash on dimethylethylene chloride, COi2(CE[g)2 (Friedel, 
CompL rmd.f 1864, 59, 294), and of phenylacetylene in the action of 
caustic potash on the compound CgHg-CClg'CHg (Friedel, rewd., 

1868,67,1192). 

Dvm^^yl EtJier Hydrochloride. — At a time when it was imperfectly 
recognised that the variations from the law of Avogadro were due to 
dissociation, Friedel discovered a compound whose dissociation was 
complete at a very low temperature : namely, the combination of 
methyl ether and hydrogen chloride, 6C2 HqO, 51101, a liquid boiling at 
- 2°* Friedel studied the dissociation tension of this substance at 
various temperatures, and concluded it was a true chemical compound, 
although highly dissociated in the gaseous state [Compt. rmd.y 1876, 
81, 152, 236), 

Th^ Alimmium OJdoride Reaciio%.* — ^The experiments which de- 
macmstr^ied the wide scope of the reaction were so easy of execution 
that those described in the first three papers were carried out in the 
course of five or six weeks. The discovery sprang from an accidental 
observation of the action of metallic aluminium on chloride of amyl. 
It was soon seen that the metallic halogen salt and not the metal was 
the active body, and a similar fact was found to give the true explan- 

* The first publications were made in 1877 {Comyt. 84, 1392, 1450 j 85, 
74). A complete account of work done up to 1887 is given in the Annales de 
Ohimie ei Physique, 1884, [yil 1, 449 ; 1887, 10, 411 ; 11, 263 ; and 1888, 14, 438). 
A good presentation of the literature of the aluminium chloride reaction is to be 
Darstellungs Methoden (vol. ii, pp. 140-*171). He says 
' FriedebCrafte reaction is among all synthetical methods the one most 

cites a nearly complete list of its employment by its discoverers 
aon by other chemists. A curiosity in chemical literature is the book 
by S6$% upon org^c reactions which makes 28 citations of 20 authors 
bC almnmium chloride reaction without mention among them of the 
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Ation of the excellent synthetical method discovered by Zincke 
187S, 6, 137), in which zinc dust and benzyl chloride were used to 
obtain diphenylmethane. So sensitive is the reaction in some cases 
that benzyl chloride is decomposed by long distillation in a copper 
vessel if brass solder has been used, zinc chloride taken from the 
solder being the condensing agent. 

The results obtained in the very beginning seemed to show that 
any number of halogen atoms in a paraffin could be replaced by 
phenyl ; that the six hydrogen atoms in the benzene ring could each, 
with equal ease, be replaced successively by alkyls ; and that a 
halogen in an aromatic side chain acted with even more readiness on the 
benzene ring. Halogens substituted in the aromatic ring were in- 
active in presence of aluminium chloride even at high temperatures* 
Some few exceptions were found later to these generalisations. All 
these reactions between chlorinated comfk>unds and aromatic hydro- 
carbons took place at the ordinary temperature, or with slight 
warming in presence of aluminiuna chloride, bromide, or • iodide. 
Zinc or ferric chloride had a similar effect, but in a less degree. 
Chlorides of magnesium, cobalt, copper, mercury, and antimony are 
without effect. - 

The chlorides of mono- or di-basic acids react with benzene and 
its homologues, giving ketones. The presence of alcohol or acids, that 
is, of hydroxy-compounds, prevents the aluminium chloride reaction, 
and it also could not at first be carried out with ethers. ISTew com- 
pounds were obtained, like phthaloketone and pentamethylbeiizene, 
and the way was immediately opened for preparing with great ea^ 
numerous homologues of benzene and new ketones. The preparation 
of such hydrocarbons as durene and hexamethylbenzene was made 
easy, and consequently mellitic acid could readily be obtained by a 
process of oxidation. Also> triphenylmethane and its homologues were 
prepared on a large scale, fuad these seemed to offer a new method of 
making aniline dye stuffs eommerdaily. Unfortunately, the dis- 
cov^h*^ had at that time only a very small laboratory, with no Jdace 
for ^students, and not even provided with the convenience of rmtming 
water, whilst circumstances separated them for a time and retarded 
the progress of the work in clearly indicated directions. 

The first publication in 1877, beside containing a record of the facts 
above stated, offered a theory of the reaction based upon analogies 
with the properties of organo-metallic bodies. It was supposed that 
all the observed effects might be explained by the existence, even in 
small proportion, of an organo-metallic chloride, O^Hg-^Alg 01^, which, 
being constantly decomposed according to the equatian 05 H 5 Al 20 l 5 4- 
BCl^ CgHgll-l- AlgCl^, and constantly renewed, would expWn the 
contact action of aluminium chloride* This theory was kept in view 
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throughout subsequent work, and was strengthened by many new 
facts, and particularly by those relating to the readiness with which 
oxygen, sulphur, carbon and sulphur dioxides, and cyanogen are ab- 
sorbed by the benzene compound with aluminium chloride, giving 
respectively phenol, phenylmercaptan and phenyl sulphides, benzoic 
acid, phenylsulphonic acid, and benzonitrile. The small quantity of 
each of these products obtained may be ascribed to the insolubility ;of 
the gases in benzene. 

The action of the compound O^HgAlClg should be analogous to 
that of aluminium triphenyl, (0^215)3^1. , The latter was prepared by 
the action of aluminium on mercury diphenyl, and gives, with benzyl 
chloride, diphenylmethane ; with oxygen, phenol ; and with sulphur, 
phenylmercaptan> but has no -action on halogens substituted in the 
benzene ring. Hence a well-known organo-metallic compound gives 
the same reactions as aluminium chloride and benzene. 

Zinc ethide is known to break up by heating into ethylene and 
ethane. Here, again, the analogy holds good, for hydrocarbons 
heated with aluminium chloride break up into simpler saturated com- 
pounds which are easily isolated, and into complex non-saturated ones. 
The latter are probably derived from simple unsaturated substances, 
CjJi2n or OnH2»-2, (Sjc,, which undergo condensation in presence 
of aluminium chloride, a reaction which can be observed in the simplest 
stage between benzene and ethylene, OgH^ + CgH^ssOgHg'CgHg. 
The condensation proceeds hluch further when halogen derivatives of 
the paraffins are treated with aluminiuni chloride, undistillable pro- 
ducts very poor in hydrogen being formed, together with volatile 
paraffins. 

The last investigation of iFriedel in this field concerned the action 
of aluminium chloride on one of the simplest of the paraffins, and, 
in conjunction with Gorgeu {Cqmpt rend,^ 1898 , 127 , 590 ), it was 
found thatmormal hexane treated with aluminium chloride at 35° gives 
pentane and butane together with condensed products. 

The aromatic hydrocarbons are usually more stable, but they are 
all decomposed by heating with aluminium chloride at high tem- 
peratures. Haphthalene is very easily attacked, giving benzene and 
an excellent yield of hydrides of naphthalene. Triphenylmethane is 
also easily decomposed, giving diphenylmethane, toluene, and benzene. 
Benzene gives diphenyl and other products. 

The alkyl groups in aromatic compounds are subject to migrations 
giving rise to higher and lower homologues. These changes and 
isomeric transformations of chloro-paraffins were found to limit the 
po^biliti^ of the reaction. 

action of aluminium chloride on substances associated with 
1^^ the elimination of sulphur from them, was studied* 
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In consequence of the claims of various authors to have discovered 
the destructive action of aluminium chloride, a restatement was made 
of the original facts with some additions (Friedel and Crafts, Trans., 
1882, 41, 115 ; Compt, rewc?., 1885, 100, 692). 

Exceptions to the general rules were discovered later. In some 
cases, ortho-dihalogen substitution products in the benzene ring are 
attacked. In CHgCl'OOOl, only the chlorine in the carbonyl group is 
active, and in the case of carbon tetrachloride only three atoms of 
chlorine are replaced by phenyl, and diphenyl is formed as a bye- 
product, as was shown by Fischer, The mistake in the first paper, 
which announced the formation of tetraphenylmethane, was due to 
an error in Watt’s Dictionary, 2nd Suppl., p. 948, which gives 335° 
for the boiling point of triphenylmethane. The product isolated 
boiled 24° higher, namely, at 359°, and was therefore assumed to be a 
tetrapheny] compound, the percentage composition of the two compounds 
being not far different. Subsequent determinations made by Crafts 
with a hydrogen thermometer showed 359° to be the boiling point of 
pure triphenylmethane. 

The synthesis of triphenylmethyl was studied anew in 1882 {BvlL 
Soc, Ghwiy [ii], 37, 6), and the conditions for obtaining a good yield 
were described. The proportion of diphenylmethane produced as bye- 
product is only about one-fcurth that of the triphenylmethane. Tri- 
phenylcarbinol was obtained from the product 'of the interaction of 
carbon tetrachloride and benzene by treatment with water. 

These are the principal facts which characterise the reaction, and 
which have a bearing upon its theoretical explanation ; it is only 
necessary to cite a few examples of its use in preparing pure products. 

A class of ortho-ketonic acids is easily obtained by means of the 

anhydrides, such as phthalic anhydride, CgH^^C^QO^lX) -h CgHg 


' xr^0O*OH 

Phthalic chloride, treated with aluminium chloride 

and benzene, gives phthalokebone, CgH^<C2^!^^[S^£^0. It was hoped 

to effect the synthesis of anthraquinone by this reaction, but the 
yield is very poor. It suffices, however, to indicate the existence of a 

symmetrical phthalic chloride which gives the reaction + 

CgHe - + 2H01. 

Aathracene and its homolo^es can be obtained by a reaction which 
takes place according to the equation 3CB[201j + 305H6=0jH2(0gH5)g 
+ 0gH5'0Hg. The principal product^ however, is diphenylmethane. 
VOL LXXVII. 3 z 
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When toluene is substituted for benzene, dimethylanthracene is 
formed. 

The fundamental synthesis of a ketone by the action of carbonyl 
chloride on benzene in presence of aluminium chloride takes place 
with such regularity that when pure crystallised benzene is used, the 
crude product boils within a limit of 0*2°, and forms ^ the best 
substance for standardising thermometers near 306°. 

Vapour Density The molecular weight of alumin- 

ium chloride was found by Nilson and Pettersson to approach that 
required by the formula iJClg, and consequently to accord with the 
tervalent place usually assigned to aluminium in the periodic arrange- 
ment of the elements {Zeit, physihal^ Ckem,, 1887, 1, 459). 

Friedel and Crafts (Gompt, rend,, 1888, 106, 1764; 107, 306) 
drew attention to the fact that the experiments of Ndson and Petters- 
son began at 440°, and that the method of Victor Meyer, which was 
used, is unsuitable for determinations near the boiling point of the 
substance. The, physical properties of aluminium chloride were 
studied, and a careful series of determinations of the boiling point of 
aluminium chloride between the pressures of 252 and 2277 mm. of mer- 
cury were made. The chloride was liquefied under pressure, and crys- 
tallised in beautiful, white, transparent crystals melting at 186*5°, or 
a little above the boiling point under atmospheric pressure, namely, 
183°. 

Vapour density determinations by Dumas’ method, modified to 
obtain different tensions, were made between 218° and 432°, and the 
vapour density was found to correspond with that required by the 
molecular formula AlgCig. 

Under similar conditions, vapour densities corresponding to the 
formulae PegOlg and G%CIg, were found for ferric and gallium chlorides. 

Camphorit Friedel {Compt, rend,, 1891^ 113, 825 ; Didl, Soc. 

OAim., 1893, [iii], 9, 27) gave various experimental proofs that 
camphoric and isocamphoric acids contain, like lactic acid, two hydr- 
oxyl groups with different functions, one of them nearly alcoholic. 
Pour esters were described, and a hypothesis regarding the consti- 
tution of camphor, with particular reference to the stereochemical 
formulae of right and left rotating camphoric and isocamphoric acids > 
was illustrated with diagrams. 

A method of ^analysis of isomeric xylenes and ethylbenzene was 
foua^ded upon the fact that the xylenes, when -treated with a large 
excess: of bromine and a little iodine, form tetrabromo-substitution 
(. .products nearly insoluble in light petroleum, and by that means sepa- 
dibromethylbenzene formed under the same conditions. 

be oxidised quantitatively to the corresjpond- 
bimtment ut 160-^170° with bromine 
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and water, and the acids separated by precipitation (Friedel and Crafts, 
Compt rend,^ 1885, 101, 1218). 

Armstrong and Miller published a description of the now well known 
and convenient mode of decomposition of sulphonic acids in sulphuric 
acid solution by means of steam, and the priority belongs to them ; but 
before the method was made public, Friedel and Crafts had begun its 
study from a somewhat different point of view, and endeavoured to 
utilise the different temperatures at which the reaction takes place, in 
order to separate hydrocarbons, and in particular the hydrides of 
naphthalene from naphthalene {Bull. Boc. 1884, [ii], 42, 66). 

Phosphoric acid was afterwards used as a solvent instead of sulphuric 
acid, in order to avoid the destructive and oxidising action of the 
latter {Gompt. rend.^ 1889, 109, 95). 

Thiophosphates in well crystallised forms were obtained by heating the 
calculated quantities of phosphorus and sulphur with iron, aluminium, 
copper, lead, and silver to dull redness in sealed tubes. The general 
formula is M^PgSg. Thioselenium salts were also obtained (Priedel, 
Bull. Soc. Ghim., 1894, [iii], 11, 1067 ; Priedel and Chabri^, Bull. Soc. 
Ghim., 1895, [iii], 13, 163). 

An examination of fat from an Egyptian tomb showed that the 
glycerol had completely disappeared, apparently through oxidation. 
Palmitic and stearic acids were found unchanged, and azelaic and 
pimelic acid had been produced by oxidation {Gompt. rmd,y 1897, 124, 
648). 


Mimralogical Researches. 

Friedel's work in mineralogy was of capital importance and marks 
a transition period in the history of that branch of science. After 
mineralogical cabinets had been filled with natural specimens, their 
sources duly noted, and when each species had been analysed, 
measured, and arranged, the old fashioned mineralogist seemed to 
have accomplished his task. To a collector of an antiquarian turn of 
mind, only those specimens which came from veins, druses, or rocky 
beds were of prime interest, wjiilst chemical or metallurgical products 
of similar composition, even when well crystallised, were set apart as 
new comers and not considered of equal rank with those whose landed 
title was well established. The geologist tried to^ describe the rocks 
in terms of mineral species, as cheinicai compounds are identified by 
the proportions of their elements ; but only rarely were the conditions 
of formation of a species known or used to give testimony concerning 
the modes of formation of rocky strata. It was not duly appreciated 
that most crystalline rocks are a mixture of crystals with mother 
liquor, that purer specimens can be obtained by laboratory processes, 

3 z 2 
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and that the essential constituents ‘can be best determined by syn- 

thesis with pure materials. ^ ^ Tn • j i 

Then came a period of synthetical mineralogy in which Friedel 
played an important part. It is evident that ideas regarding the igneous 
origin of an eruptive rock were confirmed if it contained the same 
crystalline species that could be observed in the slag of an iron furnace, 
and that the reproduction of minerals found in veins by sublimation 
or by crystallisation from water gave some evidence concerning 
natural processes. Moreover, some ideas concerning the effect of each 
of the different items contributing to the formation of a crystal can be 
gathered by the artificial production of the same crystal, under 
laboratory conditions of pressure, temperature, and presence or absence 
of water, each element in the experiment being subject to variation 
at will. 

FriedeTs equal skill as chemist and mineralogist enabled him to 
attack these problems to good purpose, and he pursued the subject 
with unswerving patience during his whole life, seeking to grow 
in a few days crystals which nature had passed ages in perfecting. 
Mineralogical problems were never excluded from his thoughts even 
at times when work in organic chemistry was progressing most 
successfully, and the delicate operations of these researches were 
performed by his own hands. New views of chemical composition, as, 
for instance, the hypothesis of the benzene ring, were immediately 
brought to bear on the formulae of minerals, and the similarity of 
structure between the silicon and the carbon compounds with organic 
radicles, shown by his researches upon the silicon ethides, suggested 
new formulae for silicates. 

The details of his researches will show that many branches of 
experimental science were brought to bear upon his mineralogical 
work, and that from a very elevated standpoint he kept in view the 
paths by which mineralogy leads to geology, chemistry, and through 
delicate experiments in optical and pyro-electric phenomena, to the 
fundamental problems of molecular physics. His last illness cut short 
a research intended to offer final proofs of the necessary relation 
between rotatory power and the asymmetrical structure of carbon 
compounds. 

Consciously or unconsciously he followed the lead of Pasteur in 
grouping his theories of the natural phenomena which came before him 
around a distinct conception of molecular arrangement from the point 
of view of a crystallographer. 

; . of his professorship from mineralogy to organic 

work upon a mineralogical treatise of which 
published in 1893. This work was of elementary 
was p^icularly intended for the use of chemistSt It 
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contains an exposition of geometrical crystallography, an original 
view of the principle of a chemical classification of minerals together 
with a discussion of the classifications of other authors, and an account 
of isomorphism and poljonorphism. A second volume was to have 
followed containing descriptions of mineral species. 

FriedeVs papers were published in the Gomptes renduSy the Annales 
de Chimie et de Physique, and Bulletin de la Society Ghimique until, in 
1878, he took part in founding the Bulletin de la Soci^t^'de Mineralogie, 
and there published all his later work. He was most assiduous in 
attendance upon the meetings of the French Mineralogical Society 
and took an active part in its councils. 

He published a lecture {Revue Sdentifique, November 23rd, 1878) 
upon the work of his predecessor at the Sorbonne, Delafosse. Another 
lecture {Revue Sdentijique, 11th, 1880) gives a review of 

the methods previously employed for the artificial preparation of 
minerals. An address {BulL Soo, Miner., 1881, 4, 187), before the 
Mineralogical Society after the death of Henri St. Claire Deville, gives 
an account of the brilliant work of that chemist in the same field. 

Grystallography. — At the time when Friedel began his mineralogical 
work, the pyro* electric phenomena in crystals did not appear to be always 
in accord with the ideas of symmetry and homogeneity of crystalline 
form developed by geometrical and optical studies. He undertook to 
show that the apparent anomalies were due to imperfect experiments, 
or to false interpretations, and with true scientific instinct commenced 
his review of the subject by the invention of improved methods of in- 
vestigation. Of the two theses o:fiered by him for the doctor's degree, one 
was upon pyro-electric phenomena in crystals. He verified Marbach's 
discovery of two varieties of pyrites of opposite thermo-electric signs ; 
the two often united in the same crystal. It was supposed that external 
hemihedral forms were an essential characteristic pointing to the pyro- 
electric phenomena. Such forms would be non-superposable, but Friedel 
showed that they do not occur in parahemihedral crystals, which, like 
pyrites, give thermo-electric currents, although mathematically it is 
possible to conceive of their existence. In natural specimens, holoaxial 
hemihedral crystals alone show these non-superposable forms. He 
concluded that some structure which does not give an external sign 
was responsible for the electric phenomena of opposite signs, and he 
attributed them in parahemihedral crystals to a molecular arrangement 
along axes symmetrical about a centre, like the tertiary axes of pyrites, 
but so placed that their extremities cannot be superposed. 

In crystals which conduct electricity like pyrites, these axes should 
mark the directions in which pyro-electric phenomena would manifest 
themselves. He investigated the subject experimentally, and succeeded 
in demonstrating these properties with certainty and regularity, but 
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only after having made thin, parallel-faced sections of the crystals. 
With entire crystals, irregular results are obtained which are confusing 
and have led different experimenters to erroneous conclusions. Friedel 
was the first to recognise that the strong currents set up when a 
crystal of pyrites is cooling are due to irregular rates of cooling in the 
mass of the crystal, and bis first care was to eliminate such phenomena 
by making thin sections. He then succeeded in making a model with 
a thermo-electric couple of bismuth and antimony which imitated the 
phenomena occurring when crystals of pyrites are heated, and thus 
confirmed his theory that the crystals contain at the same time two 
kinds of molecular arrangement with non-superposable axes giving 
rise to thermo-electric currents of opposite signs. 

He found that parahemihedral crystals which do not conduct an 
electric current, as apatite, for instance, show no pyro-electric pheno- 
mena, and concluded that in general the pyro-electric phenomena are 
not due to hemihedrism, when it can be referred to a centre, and that 
the property does not exist in pyrites in consequence of the parahemi- 
hedrism, but is induced only by the existence of the above-mentioned 
molecular arrangement about non-superposable axes of which no 
indication is given' by external form. 

Ho then examined the rare antihemihedral crystals which are good 
"conductor, panabase and chalcopyrites, and discovered a regular flow 
of a pyjro-electoc current, as in tourmaline. 

The interesting fact was shown that currents always flow in the 
same direction as those which would be produced by thermo-electricity 
in a ^stem of metallic tetrahedrons of the same thermo'-electric sign, 
aame position as the crystal, and thus the hypo- 


i pyro-electric phenomena in crystals may be due 
to the set up by tetrahedral elements. This first rei^arch of 

the young mineralogist was distinguished by a clear conception of a 
hypothesis accounting for certain phenomena and excluding others. 
It passed through the test of controversy, for in 1871 G. Hose 
published statements concerning pyrites and cobaltine, and asserted 
that external forms distinguished the two pyro-electric varieties. 
Friedel (Oompt rend,, 1874, 78, 608) pointed out errors in these 
observations, and maintained his previous conclusions by new ex- 
periments. A better method of heating crystals {Bull, Soc, Miner,, 
1879, 2, 31) was described, in which a hot metallic ball was applied to 
a cdd surface. When this new, device for heating was applied to thin 
BecUbns of crystals, pyro-electric currents were shown in topaz normal 
el€>avage, the experiment contradicting statements by 
p currents parallel to the tertiary axes 


ip quartz ; an bbserva- 
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tion wiiicli seemed to be at variance with the symmetry of this holoaxial 
crystal. Friedel showed that the pyro-electric direction corresponded 
only with binary axes, the edges of the prism being alternately of 
opposite sign. The fact, then, is in accord with the theory of symmetry ; 
for there is no pyro*eleotricity displayed in the direction of the tertiary 
axis of which the two extremities are superposable, whilst it is shown 
where it would be expected in the direction of the binary axes, whose 
extremities are not superposable or symmetrical. 

Subsequent investigations were made in conjunction with P. and 
T, Curie and with A. de Grammont, and these often took the form of 
a discussion with German crystallographers, because observations 
which appeared to contradict Priedel’s views were again made by 
Hankel, and by Erman, Pies, and Bose. 

The question required delicate handling, and the work of Friedel 
and his associates consisted in disengaging the phenomena which were 
purely pyro-electrical from others due to irregular internal tensions 
discovered by P, and T. Curie, and named by them piezo-electric; in 
other words, strains set up when a whole crystal cools irregularly are 
capable of producing electric currents. 

In a paper published with T. Curie {BulL /She. 1883, 6, 191), 

Friedel showed that, when all disturbing influences are eliminated, no 
pyro-electric currents can be obtained from crystals of the tertiary 
system, or with hexagonal crystals, like quartz, having three axes of 
hemimorphism in the same plane, or even in antihemidral crystals of 
the cubic system, in which the four axes of hemimorphism mutually 
compensa^. Corroborative experiments were made with blende and 
with sodium chlorate. With reference to this theory, boracite pre- 
sents a curious example in the two forms which it assumes according 
to the temperature. Above 266°, it is cubic and isotropic, and is 
not pyro-electric ; at 265° it becomes suddenly orthorhombic, and on 
cooling below this temperature pyro-electricity is manifested. 

Xiater {Bvll* Boa. Minor., 8, 1885, 16), Friedel and T, Curie showed 
that a crystal of topaz, instead of being simply, orthorhombic, as 
was held by Pies and Pose, and by other authorities, is composed 
of four clinorhombic individual crystals grouped about a central 
orthorbombic crystal. These five elements can be isolated by catting, 
and a pyro-electric axis displayed j^allel to the base, to which the 
central poles of Pies and Pose can be referred. He thus proved that 
the optical properties of topaz, pointing to an antihemihedral clino- 
rhombic system grouped upon a rhombic centre, are in complete accord 
with the pyro-electric phenomena, namely, the central poles described 
above and a pyro-electric axis parallel with the axis of the prism. The 
twin formation of complementary crystals explains the accidental 
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occurrence of crystals whose two extremities have the same electric 
polarity. 

Friedel and A. de Grammont (Bull. Soc. Miner., 1895, 18, 75) 
studied the pyro-electric properties of scolecite, and found that a 
similar analysis could be made of the pyro-electric axes. They dis- 
covered in this mineral a peculiar arrangement of twin crystals, in 
which the two extremities show at their junction the same polarity, 
and consequently the made formation cannot be explained by a rota- 
tion around an axis perpendicular to the plane of Junction. This 
curious case of want of symmetry about the plane of junction has 
proved interesting with reference to a theory put forward later by 
Mallard. 

Friedel proved that the two crystalline forms of hexachloride of 
benzene are in accord with the well-known theory of their “ cie ” 
and ^Hrans'' arrangement (Bull. Soe. Chim., 1891, [iii], 5, 130), He 
developed the theory to show that tertiary symmetry is indicated for the 
cis- and binary for the ^7*fitiw.s-form. A calculation of the necessary 
ratio in which the two forms will be generated during saturation with 
chlorine and disruption of carbon bonds, compared with experimental 
results, confirmed the identification of each form. 

This account would not be complete without a reference to the dis- 
cussions between Friedel, Mallard; and Wyrouboff {Bull, Soc. Miner., 
1886, 9, 121). Friedel insisted upon the capacity of crystallising 
together as a final test of isomorphism in opposition to views of 
Mallard, who was prepared to extend very widely the definition of 
isomorphous substances. 

The Bulletin de la, SociU^ de Mineralogie contains a considerable 
number of Friedel's descriptions and measurements of mineral species. 

Artificial Production of MineraU. — The synthesis of atacamite 
{Oompt. rend., 1873, 77, 211), four years later than the thesis upon 
pyro-electric phenomena, was effected by the action of ferric chloride 
upon cuprous oxide in sealed tubes at 250° 

Friedel and J, Gu6rin {Ann. Chim. Pliys., 1876, [v], 8, 24) studied 
various titanium compounds and obtained titanium sesquioxide in the 
form of rbombohedral crystals, isomorphous with oligist and ilmenite. 
Among the much disputed formulse for the latter mineral, preference 
is given to FeTiOg, in which iron and titanium are mutually replace- 
able as silicon can replace titanium in its higher stage of oxidation. 
Crystallised rutile was also obtained by the action of titanium 
chtloride on ferrous oxide at a high temperature. 

. The publication of the most important series of syntheses was begun 
i^kMS9S{BuU. Soc. Miner., 2, 113). Most of the work done between 
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this date and 1887 was in collaboration with Edmund Sarasin and 
was published in full in the Ardh. Sci, phys, et natwr, de Gmlve^ 
1892. 

The required materials, together with water, were heated in the 
very stout steel tube lined with platinum, already described. High 
pressure and a temperature of 500°, corresponding in the earth’s crust 
to a considerable depth of rocky strata, were reached, and the results 
were interpreted with reference to geological theories. The use of a 
platinum tube guaranteed the purity of the compounds. The crystals 
produced within the few days devoted to an experiment were small 
and required care and skill in measurement to identify them with 
known species, but they were usually well defined and uniform in 
their aspect. 

The first published observation of Friedel and Sarasin (BvlL Soc. 
Miner, ^ 1879, 2, 113) described the formation of beautiful prisms of 
quartz with pyramidal terminations when an excess of amorphous 
silica was heated with caustic potash. These crystals, which are easily 
measurable, appeared frequently together with other minerals in later 
syntheses. Quartz with a new made was observed among the crys- 
tals {Bull, Soc. Miner, i 1888, 2, 29). 

The formation of orthose feldspar (Friedel and Sarasin, Bull, Soe, 
Miner,,^ 1879, 2, 158 ; 1880, 3, 23 ; 1881, 4, 171 ; Compt, rend.^ 1881, 
92, 1374), under well defined conditions, threw new light upon the 
mode of formation of the so-called acid rocks. Friedel, with scrupulous 
care, repeated his experiments under various conditions during three 
years before he affirmed the absolute identity of the artificial and 
natural species. The materials were silicates of potassium and alumin- 
ium with a large excess of water. Quartz is usually formed as well, 
and when a higher temperature is employed tridymite also, showing 
that silica naturally crystallises in these two forms at corresponding 
temperatures^ The bearing of these facts upon the mode of genesis 
of granite was pointed out. 

Albite and analeime are formed by a similar process when sodium 
instead of potassium silicate is used. Ho intermediate feldspar con- 
taining the two bases could be obtained and the natural minerals 
having such a composition are probably mixtures {Oompt, rend, j 1883, 
97, 290). 

The action of alkalis and sodium silicate on the zeolites was investi- 
gated by Friedel and Sarsisin {B'tdl, Boc, Ohim,, 1884, [ii], 41, 
593). Friedel proposed a general formula for this mineral group 
and sought to yerify it by transforming its different members. 
Sodium can be substituted for calcium in laumontite with formation 
of analeime. In this reaction, there is also formed a mineral nearly 
related to mesotype, and it was shown that the same mine^l was 
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obtained by subjecting 'natural mesotype to the action of the same 
reagents. 

Friedel, with his son, Georges Friedel, pursued a similar series of 
investigations upon the metamorphosis of mica. Many attempts were 
made to obtain white mica in presence of alkalis, but it was found 
that mica is not stable under these conditions, that at 400 — 500° it 
is easily decomposed by the alkalis, giving rise to other species, and 
when silicates or other salts are added the products of transformation 
resemble the well known series found at Somma, 

When the micas are treated with alkalis alone, substitutions of one 
base for another could be obtained. 

Muscovite {BulL JSoe, Mt7ier,y 1890, 13, 129), at 400—500°, in 
presence of dilute sodium hydroxide, is transformed without residue 
into fine crystals of nepheline, so pure that the constitution of this 
mineral could be definitely established as an orthosilicate, AlNaSi04. 
The transformation seems to consist in substituting sodium for 
potassium and hydrogen in muscovite without destroying the molecular 
arrangement. It was found impossible, however, to obtain a nepheline 
containing potassium without sodium. Mica is transformed into 
orthose by heating with potassium silicate and potassium hydroxide. 
Also, when a suitable proportion of silica was taken, a quadratic form 
of amphigene was produced without icositetrahedral grouping. This 
synthesis is interesting from a crystallographical point of view, be- 
cause the form if^hioh appears at a temperature lower than that at 
which the mineral becomes cubic and isotropic shows parahemihedrism 
not recognised in natural specimens, and the pseudo-icositetrahedral 
form of the natural crystals is explained by a junction of three crystals 
with tiirectangular axes. 

Sodalite Soc. Miner, ^ 1 890, 13, 180) was formed by heating mica 

with sodium chloride and hydroxide. It had the same composition, 
SSiO^AlNa + NaOl, no matter what proportion of salt was added, and 
was identical with Somma sodalite. 

Anorthite {Bull, Boo. Mimr,, 1890, 13, 230) can be obtained by 
heating mica with calcium chloride and hydroxide. The crystals are 
well formed, and free from potassium. 

Mica is transformed by calcium hydroxide into a hydrated silicate of 
the cubic system not found in nature. 

A mixture of sodium sulphate and hydroxide converts white mica 


: into a new compound, 6Si04AilNra,Na2S04,2H20. The crystals are 
temffifcparent, and isomorpho with those of nepheline, cancrinite, and 

■ mmite. A mineral like the preceding, but with one molecular 
wat^ in small quantity, also a little black 

mica, heated with ^dium carbonate and hydroxide, 
6;Alliira^i04,Na2C08,2H20. , 
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Friedel and Sarasin {Bull, Soc, Miner,, 1887, 10, 737), prepared 
topaz by heating alumininm fluorosilicate. Quadratic crystals of 
aluminium fluoride are also formed. Friedel pointed out an error in 
the usual method of analysing topaz, arising from a loss of aluminium 
fluoride, as well as silicon fluoride, when the mineral is heated in a 
platinum crucible. The composition, instead of being variable, as was 
supposed, is constant, and corresponds with that required for the 
formula Al 2 F 2 Si 04 . 

The following list comprises other syntheses of minerals achieved 
by Friedel and Sarasin : Libethenite {Bull, Soc, Miner,, 1879, 2, 
157); hopeite {ibid., 153); copper selenite {ibid,, 1881, 4, 176); 
phosgenite (ibid,, 176); leadhillite {Bull, Soc, Chim., 1883, [ii], 39, 
626); calcite {Bull, Soc, Miner,, 1885, 8, 304); mellite was synthesised 
by IViedel and Balsohn {Bull, Soc, Miner,, 1891, 14, 26); and Friedel 
prepared cumengeite {Bull, Soc, Miner,, 15, 96), bolciie. 

1894, 17, 6), and martifce {ibid,, 1894, -I?, 150). 

From an examination of diamonds contained in native iron from 
Canon Diablo {Compt, r&nd,, 1893, 116, 224), Friedel concluded that 
their formation had been accompanied by that of sulphide of iron at a 
relatively low temperature. He attempted to obtain crystallised 
carbon by the action of sulphur on a highly carburetted cast iron at 
450 — 600° A black powder was obtained hard enough to scratch 
corundum, but in too small quantity to be analysed. This essay is 
particularly interesting, as it seems to imitate a natural process. 

The following hew species of minerals were discovered by Friedel : 
Wurtzite {Compt, rend,, 1861, 62, 983) ; adamine {Gompt, rend,, 1866, 
62, 692) ; and delafossite {Gompt, rend,, 1873, 77, 211) ; whilst carnotite 
was described by Friedel and Cumenge {Bull, Soc. Miner,, 1899, 
22,26). 

The de la SodUb de Mineralogie from 1879 to 1894 contains 

numerous descriptions of minerals from diflerent localities. Many of 
these investigations were made by Friedel in connection with his 
duties as Curator of the Mineralogical Cabinet of the School of Mines, 
which led him constantly to examine minerals from new localities, 
and he was at all times actively employed in adding new specimens 
to that flne collection. 
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XC. — Diphenyl- and Dialphyl-etliylenediamines^ and 
their Nitro-derivatives, l^itrates^ and Mercuri- 
chlorides. 


By William Sloan Mills, B,A., Demonstrator of Chemistry in the 
Queen’s College, Galway. 

Having obtained, in the course of some experiments, a quantity of 
diphenylethylenediamine by the interaction of aniline and ethylene di- 
bromide (Hofmann, Froc.Moy.Soc.^ 1858, 9, 277; 1859, 10, 104; Morley, 
Ber., 1879, 12, 1794), I endeavoured to obtain with it several reactions 
of which there appears to be no previous record. The result of pre- 
liminary experiments showed that it admitted of direct nitration, 
forming nitro-derivatives, and that it formed a well-defined nitrate 
and mercurichloride. I determined, therefore, to try to isolate these 
compounds, and to extend the inquiry to some, at least, of the homo- 
logous alphylethylenediamines, and, in the case of the nitro-derivatives, 
to compare them with those already known, but obtained by other 
reactions. 

Nitmtim of DifhenyUthylmediamme . — The material used in these 
experiments was recrystallised from dilute alcohol ; it softened at 
61 *5'^ and melted at 63*^. It was dissolved in glacial acetic acid, 
forming about a 5 per cent, solution, and to this was gradually added 
concentrated nitric acid. The mixture was kept in constant agitation, 
and heat was applied at first until action commenced, when cooling 
was necessary, to prevent its becoming too violent- In the first 
instance^ the solution assumed a dark olive-brown colour, which, as the 
reaction proceeded, changed to a deep reddish-brown, and finally the 
colour became much lighter. A yellow precipitate appeared towards 
the end of the reaction, and on continued application of heat, after the 
completion of the nitration, this increased in quantity. It was washed 
first with hot glacial acetic acid, and then with water, and dried at 
110®. It melted at 307 — 308® (corr.), and, on analysis : 

0^3376 gave 59*5 c.c. moist nitrogen at 15® and 769*4 mm. N = 20*9. 

Ci^HigOgHg requires N = 21*47 per cent. 


This tetranitrodiphenylethyUnediamine, C2H^[NH*0eH3(N02)2]2» is 
similar in appearance and solubility to that prepared by Jedlicka 
0^. Ohmn., 1893, [ii], 48, 202), by the interaction of l-bromo-2 : 4- 
hfe jlrob^zene ■ and ethylenediamine, for which the melting point 
is given, and is therefore identical with it. The substitu- 
rihgs is therefore probably iN:H02:H02~ 1 :2 :4], 
"^^.^ured into the liquid separated from the above com- 
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pound, a yellow powder is precipitated. This precipitate was pressed 
between blotting paper and dried on a porous plate in a vacuum over 
sulphuric acid. It melted at 85°, and proved to be an isomeric 
nitrodiphenyhthylenediamine. On analysis : 

0-2225 gave 0*3477 CO^ and 0*0603 HgO, C-42‘61 ; H- 3*01. 

0*4201 „ 77 c.c. moist nitrogen at 14° and 757 mm. 1:7 = 21*46. 

Ci4Hi208Ng requires 0 = 42*85 ; H = 3*06^ 17 = 21 *47 percent. 

This compound is very soluble in acetone, ethyl acetate, or glacial 
acetic acid. On boiling the solution in acetone, the substance under- 
goes a remarkable metastatic change, being converted into the 
isomeride melting at 307 — 308° (corr.), described above. 

Nitration of Bi<)-tolylethyhnediarnine^ — In the preparation of di-o- 
tolylethylenediamine, the directions of Mauthner and Suida {Monatsh.^ 
1886,7, 230), and of Bischoff and Hausdorfer {B&r,, 1890, 23,1982), were 
followed in the main. The following method, which involves a slight 
modification, gives a yield of about 25 per cent, of that calculated for a 
simple reaction. Two mols. of o-toluidine, made into a paste with sodium 
carbonate, are heated in a fiask provided with refiuz condenser, and one 
mol. of ethylene dibromide added, with constant shaking. During the 
process, which lasts for half an hour, more sodium carbonate is added, 
and the temperature is kept at about 130°. The flask is then placed 
in a parafidn bath at 160° for about half an hour. The residue is 
washed with water and extracted with light petroleinn, from which 
crystals are deposited on spontaneous evaporation. These are reduced 
to a fine powder and extracted with alcohol. A white residue remains, 
which, when recrystallised from boiling alcohol, melts at 155—157°, 
and is doubtless the diethylenedi-o-tolyldiamine obtained by Mauthner 
and Suida under similar circumstances, which, when purified, was 
found by them to have a somewhat higher melting point. To 
the solution in alcohol, dilute nitric acid is gradually added, the 
vessel containing the mixture being surrounded with cold water, when 
a cryst^ne precipitate of the nitrate gradually separates. This salt 
will be more fully described. To prepare the b^e, these crystals 
are powdered and mixed with sodium carbonate, and the mixture made 
into a thin paste with sodiuin hydroxide solution. This paste, warm 
from the reaction, is extracted with light petroleum, which on slow 
evaporation, yields colourless crystals of the pure base. It melts at 
70*5°, and the same melting point was found in the case of several 
di^erent preparations, and remained constant after further recrystal- 
lisation. Previous investigators have observed higher melting points, 
namely, 78° (Mauthner and Suida) and 75 — ^76° (Bischoff and Haus- 
dorfer). The nitration was e:ffeoted in the manner described for the 
phenyl homologue, and similar changes of colour are observed during the 
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reaction. No precipitate appears, but when water is poured into the 
solution, an amorphous, yeUow precipitate falls, which softens and 
agglomerates to a semi-solid mass on heating the mixture. is 

removed, and when cooled is powdered and extracted with hot glacial 
acetic acid, a small portion being aUowed to remain undissolved ; this 
solution is precipitated by water, and the precipitate washed by water 
and dried. This 

02Hj;NH*CftH2(N02)2-OHs]2, 
melts at 78 — 79 °. On analysis : 

0-2406 gave 0-4068 COj and 0-0822 H^. 0 = 46-11 j H = 3-T9. 

0'5894 , 98*5 c.c. moist nitrogen at 13° and 774*5 mm. N = 20*12. 

OieHiA^^e requires 0 = 45-69 ; H = 3-81 ; N = 20-0 percent. 

In one expei-iment, whilst attempting to recrystallise the nitro- 
derivative from hot ethyl acetate, it was found to have undergone a 
change gimitar to that observed in the case of the corresponding 
phenyl homologue. The melting point rose from 78 — 79 ° to 

178 180°. This compound is doubtless an isom&cio tetrwnitro-o-tolyl- 

elJiylmedianhim. It is an amorphous, yellow powder like the isomende 

analysed. i i .i, i 

NUration of Di-m- owd ili-p-«oZjrfe%fen(Kiia?»iwes.— Di-sn-tolyletuyi- 

en^amine, which was obtained by Francis (Trans., 1897, 71, 
426) by. treating the hydrochloride in alcoholic solution with 
alcoholic sodium hydroxide, can be prepared more readily in toge 
plates by the method described in this paper for the ortho-isomeride.. 
It melts at 58-5°. When nitrated in the manner described for the 
ortho-isomeride, a yellow powder is obtained whiph melts at 57°. On 
analysis:. 

0-3152’gave 66-6 c.c. moist nitrogen at 17° and763-6mm. N = 20’61. 

OigHigOgNe requires N = 20 per cent. 

The fc(mm>o<ii-m-«oZyfo%feKedi«»»t»e, resisted several attempts at 


further purification. 

Di-p-tolylethylenediamine is prepared and purified in the manner 
gi~Tn;ia.T to its ortho- and meta-isomerides. It melts at 95°. 

During its nitration, a dark green to a brown colour develops, and, 
on gba.THTig the mixture, a mass of fine, orange-red crystals separates. 
These are washed with acetic acid and then boiled with alcohol, in 
which they are almost insoluble. The 

OgHj^'OgH:a(NOj)*OHj]2 melts at 196— 196° (corr.). On analysis: 


|w J>l844 gs^^ C.C. moist nitrogen at 16° and 769’5 min N = 16-61. 

' digS:i80gN4reqniresN.= 17-0. per cent. ; 

1884,-17, 7|8) obtained tj^.tame^^rn- 
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Frep%7'ation of Nitrates and Mercurichlorides of Diphenyl- and 
Ditclyl-ethylemdiamine. — When the diphenyl base is dissolved in hot 
dilute nitric acid and the solution allowed to cool, an abundant 
deposit of colourless needles of diphenyUthylenediamim nitrate, 
2 , 2 Hhr 03 , occurs ; this melts to a dark liquid at 
164*5^ (corn). On analysis : 

0*2063 gave 0*3822 COg and 0*1084 H^O. 0 = 50*52 ; H = 5*83. 

0*2546 „ 36*8 c.c. moist nitrogen at 13° and 775*5 mm. N = 17*4. 

054 H;^g 0 ^K 4 requires 0 = 49*7 ; H = 5*34; 151= 16*6 per cent. 

The ditolylethylenediamine nitrates are obtained by adding dilate 
nitric acid to solutions of the bases in alcohol. The mixtures are 
kept cool, when crystalline precipitates are obtained, which are purified 
by recrystallisation from alcohol. 

DirO'tolyl^hyUnediamine nitrate melts to a dark liquid at 152° (corr.). 
On analysis : 

0*4029 gave 53 c.c. moist nitrogen at 11° and 758*2 mm. N = 15*63. 

OigHggOgN^ requires N = 15*33 per cent. 

Di-p'tolylethylenediamine nitrate melts at 1 66*5° (corr.). A specimen, 
probably not quite pure, was analysed : 

0*3467 gave 48 e,c. moist nitrogen at 16° and 753 mm. N = 15*99. 

Di-m-tolyhthylenediamine nitrate melts at 153° (corr.) On analysis: 

0*2551 gave 33*8 c.c. moist nitrogen at 14° and 746*5 mm. N = 15*30. 

To prepare the mercurichlorides, alcoholic solutions of mercuric 
chloride are added to alcoholic solutions of the bases in molecular pro- 
portion, when crystalline precipitates separate slowly, on standing, 
except in the case of the m-tolyl compound. 

Diphmylethylenediamim mercuricJdoride, 
melts at 129° (corr.) and consists of well-formed, colourless, rhombic 
plates. On analysis : 

0*2277 gave 0*2886 COg and 0*0784 C = 34*56 ; H = 3*82. 

0*314 „ 0*1515 HgS. Hg = 41*63. 

1*0552 „ 0*505 HgS. Hg = 41*25. 

C^^HigHgClgHg requires C = 34*78 j H = 3*31; Hg=41*4 per cent. 

Careful heating is required in the combustion of the mercurichloride 
to prevent distillation of mercury into the drying tubes. . 

Di-o4olylethylenediamine7nercurichloride^ 

O2H4(NH-a,H4-CHg)2,Hg0l2, 

crystallises in small, rhombic plates, and melts at 110° On analysis : 

0*559 gave 0*259 HgS. Hg = 39-9. 

OigHgoNgOlgHg requires Hg = 39*16 per cent. 
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Di-^tolyhthyleTiediainine mereurichlmdde, 

C2H,(NH-CeH,-CH3)2,HgCl2, 

crystallises in white, feathery flakes and melts at 133° (corr.). On 
analysis : 

0-5639 gave 0*256 HgS, Hg== 39*12 per cent. 

Di-m4olyletkylenediamine- m&rmriGhloride melts at 79 — 80° This 
mercurichloride is different in its behaviour from the ortho- and para- 
compounds. It is not precipitated, as they are, on mixing solutions of 
the bases .with mercuric chloride, but is obtained by spontaneous 
evaporation of the mixed solutions, when it appears as rosettes of 
minute crystals. On analysis, too, it gives 35*9 per cent., and in 
another experiment 35*1 per cent, of mercury instead of 39*16 per 
cent. Its constitution for the present, therefore, is uncertain. 

I wish to express my indebtedness to Professor Senior for numer- 
ous suggestions made during the course of this inquiry. 


XCL ' — Researches on Morphine. Part L 

By S; B. ScHKYVER and Prederic H. Lees. 

Morphine is a subject of considerable interest from a twofold stand- 
point, namely, the chemical and the pharmacological. Our knowledge 
of the subject from the chemical side is due mainly to L. Knorr and 
Yongerichten. * . 

Older researches have shown'that morphine is a phenahthrene deriva- 
tive, and contains two hydroxyl groups, one of a phenolic character, 
the other alcoholic. On treatment with methyl iodide (two molecular 
proportions) in the presence of sodium ethoxide, it yields the meth- 
iodide of its methyl ether (codeine), and the hydroxide, derived from 
this compound, codeine methohydroxide, Cj7Hig02]!5T*0Me,CH30H, on 
warming with alkalis loses the elements of water, and is converted 
into methocodeine or methylmorphimethine, Ci7Hi.702N(0Me)*CH3. 
This substance is a tertiary base, and on heating with acetic anhydride 
is converted into the acetyl derivative of dimethyloxethylamine, 
OH'CH^'GHg'KTMeg, and the acetyl derivative of a hydroxymethoxy- 
phenanthrene, OH* OMe. An isomeric product, jS-methylmorphi- 
- methine, is produced at the same time. The production of acetyl 
diinethlyoxethylamine in this way is characteristic of derivatives of the 
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Knorr represents the reactions by the following formulae : 

OMe'^rj TT OMev^p ™ 

Codeine. Codeine metioliydroxide. 

- ‘^^g>Ci,H,-0-CH2-0H3-NMe, 

Methylmorphimetliine. 


-* + OH-OHg-OHg-NMeg . 

Hydroxymetliozyplienantlireiie. Bimethyloxetliylamine. 

The synthetical base, naphthalanmorpholine, undergoes similar 
transformations : 

CioHjo< 5^^>OH2 -* OioH^-O-CHj-CHs-NMe, 

-* CioHg + OH-CHa-OHg-NMesi 

{Ber., 1889, 22, 181, 1113, 2081 ; 1894, 27, 1149 ; 1899, 32, 737, 742 ; 
AnnaUn, 1898, 301, 1 ; 1899, 307, 171). 

Vongerichten’s more recent researches deal principally with the 
nitrogen-free decomposition products of morphine {Ber,^ 1897, 30, 355, 
2441; 1898, 31, 51, 3198; 1899, 32, 1521, 2379; 1900, 33, 352). 
He shows that the ^-methylmorphimethine discovered by Knorr (j5cr., 
1894,27, 1149) is not acted on by acetic anhydride, but that its 
methiodide on treatment with alkalis readily decomposes, giving as a 
main product a monohydroxyphenol, C^^HgOg (morphenol), which readily 
reduces to the dihydrosyphenanthrene (morphol), of which the methyl 
ether was obtained by Knorr, as just described. As a result of his 
researches, Yongerichten assigns the two following formulae to mor- 
phenol and morphol respectively : 

A 


Morplieiiol. Morphol. 

These formulm become of special interest in view of the recent 
researches of Pschorr and his collaborators on the synthesis of the 
hydroxyphenanthrenes, and from the results we can obtain some clue 
to the positions which the hydroxyl groups and the morpholine residue 
VOL. LXXVII. 4 A 
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occupy in the pheuanthreue nucleus. Knorr and Vongerichten both 
assign to morphine the following probable constitution : 



There still remains to be determined^ however, the exact points to 
which the various hydroxyls remain attached, as well as the relation- 
ship existing between the a-morphimethine and /3-morphimethine 
derivatives* By substituting the alcoholic hydroxyl by halogen or 
other groups or elements, and subjecting these products to the action 
of various reagents, it was expected that a new series of phen- 
anthrene products might be obtained, which would further elucidate 
the constitution of morphine. 

The second point of interest was to determine the influence of such 
substitutions on the physiological character of the morphine. Owing 
to the fact that the methyl ether of morphine (codeine), which occurs 
amongst the opium alkaloids, has long been employed in medicine, 
this aspect of the research seemed to be of some practical importance. 
The investigations hitherto undertaken with the view of determining 
the influence of substitution on the physiological action of morphine 
have been confined almost entirely to the preparation of the alkyl and 
acyl derivatives formed by the substitution of the hydrogen of the 
hydroxyl groups by various radicles (Stockman and Bott, BriL Med. 

1890, ii, 189 ; von Mering, Merck’s Ammal Report^ 1898, 
pub. IMUrchj 1899 ; Dreser, Pfiuger’s Arohiv^ 1898, 72, 485). The 
compounds investigated have all a modified narcotic action, and as the 
result of these researches various products have been placed on the 
market, such as dionin ” (ethylmorphine hydrochloride) ; ‘‘ heroin 
(diacetylmorphine hydrochloride) ; “ peronin ’’ (monobenzylmorphine 
hydrochloride). Furthermore, apomorphine, discovered 

many years ago by Matthiessen and Wright, has an emetic action, 
and is not usually employed as a narcotic ; its chemical relationship 
to morphine, from which it is prepared by the action of hydrochloric 
acid, and from which it differs so considerably in physiological action, 
re mains yet to be determined. 

When morphine is treated with phosphorus trichloride, it yields a 
crystalline base, OiyH^gOgNOl, in which, as it yields only a mono- 
I dfixivaiave^ the hydroxyl is replaced by chlorine. This product 
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is designated cMoromorphide. In a similar way, by treating morphine 
with phosphorus tribromide, a hromomorphide is obtained. On treating 
chloromorphide with tin and hydrochloric acid, the chlorine is 
replaced by hydrogen, and the hydrochloride of a base, is 

formed, which is called deoxymorphine in this paper. Rone of these 
products has a narcotic action, even when given in grain doses, the 
usual dose for morphine being about J grain. 

This result seemed at first sight astonishing in view of the fact 
that the simple synthetical base naphthalanmorpholine, of which the 
formula is "given above, has almost the same physiological action as 
morphine (Leubuscher, Annalen, 1899, 307, 172), On further in- 
vestigating the halogen products, it was found that this non-narcotic 
action may be assigned to purely chemical causes. On warming a 
neutral solution of chloromorphide hydrochloride on the water-bath, 
it rapidly becomes strongly acid. The free bases furthermore, on 
heating with water, rapidly decompose and go into solution, giving in 
the case of bromomorphide the hydrobromide of a base, according to 
the following equation : 

The product, however, is not morphine, but a crystalline, isomeric, 
non-narcotic base which we have called isomorphine. Several of its salts 
and derivatives have been prepared and contrasted with those of mor- 
phine. Like morphine, it is Isevorotatory, but more strongly so, and the 
salts are very much more readily soluble in water. On treatment with 
phosphorus trichloride, it yields a product, which has not yet been 
fully investigated, but which is certainly not chloromorphide. Unlike 
morphine, it does not reduce gold chloride readily, and as it is the 
only product produced when bromomorphide is tinted with water, 
and like morphine is Isevorotatory, it is highly improbable that it is 
merely a stereoisomeride. The problem now remains to determine 
the chemical relationship to morphine^ and in this investigation we 
have already certain f ants to guide us. It is known ihat when thebaine^ 
which is also a morpholine derivative, is treated with hydrochloric acid, 
a methoxyl group is hydrolysed, and one of two products is forniod, 
according to the conditions of experiment, thebenine being obtained 
with dilute hydrochloric acid, but morphothebaine with the con- 
centrated acid (Freund, Ber,, 1897, 30, 1367 J 1899, 32, 168). 
Knorr has suggested an explanation of the two reactions by means of 
the following formulae {Ber., 1899, 32, 746) : 


4 A 2 
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OoHjO 


CH, 

NH 

/ 

\/\^ 

0 

Tliebenine. 


OH 


9^3 
N I 

Q^' 


OgH^O 


\/ 


OH 

CHa I 

Morphothebaine. 


It seems likely that chloromorphide or bromomorphide, on treatment 
with water, behave in a similar manner. 

With the object of determining the constitution of isomorphine, 
work is now proceeding in various directions, and preliminary results 
are recorded in the following pages. 

On treatment of the methiodide with acetic anhydride, only a minute 
quantity of a nitrogen-free product is obtained, which has the 
same melting point as the phenanthrene derivative obtained in a 
similar way from morphine methiodide. This fact should exclude a 
product analogous in constitution to that given above to thebenine, 
where the morpholine ring is broken at the nitrogen, for derivatives 
of this character, as Knorr has shown, readily yield nitrogen-free 
products on treatment with acetic anhydride. Farther, the metho- 
hydroxide of isomorphine, obtained by the action of- silver sulphate on 
the iodide and subsequent treatment of the sulphate thus produced by 
barium hydroxide, acts in a way quite analogous to morphine metho- 
hydroxide, which Vongerichten has shown to have a phenol-betaine 
constitution (Ber,, 1897, 30, 355), forming a deliquescent, crystalline 
hydrate ; this, when left in a vacuum, yields a powder which com- 
bines on warming with methyl iodide with the opening up of an 
anhydride ring and the formation of the methiodide of a methyl ether, 

+ OH 3 I = ■ 

Such a reaction is also possible with isomorphine, and it therefore 
does not follow that the latter is a secondary base, because the pro- 
^ obtained by treating its methiodide with silver hydroxide (silver 
and barium hydroxide) unites directly with methyl iodide. 
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The investigation of the iodide produced in this way should throw 
further light on the constitution of isomorphine, and researches are 
being prosecuted in this direction. 

It seems, however, quite likely that isomorphine is analogous in its 
constitution to morphothebaine. The results are also interesting as 
they indicate that a slight change in the morphine molecule may 
render the morpholine ring unstable, and thus account for the non- 
narcotic action of such substances as chloromorphide and bromo- 
morphide, in view of the fact that simple synthetical morpholine 
derivatives like naphthalanmorpholine act physiologically like mor- 
phine. The further study of the decomposition products of morphine 
should offer also a chemical rationale for the physiological classification 
of narcotics like codeine, thebaine, morphine, &;c., such as has been 
attempted by Bradbury and others (see Croonian Lectures, Boyal 
College of Physicians, British Medical JoumaZ, or Lancet^ 1899). 

Ezpeeimental. 

Chloromorphide, 

Twenty grams of morphine, previously dried at 120°, are introduced 
into a wide-mouthed flask connected with a long air condenser. 
Phosphorus trichloride is then added in sufficient quantity to soak 
through the solid mass of morphine. After a few moments, a vigorous 
reaction takes place, and the mixture froths up. The reaction is com- 
pleted by heating for 3 — 4 hours on a water- bath. The contents of 
the flask at the end of this time form a homogeneous, light-brown, 
pasty mass. This is then disintegrated with alcohol, in which it 
gradually dissolves, and after a short time chloromorphide hydro- 
chloride separates put if only a small quantity of alcohol is employed. 
It is advisable, however, to add enough alcohol to keep the hydro- 
chloride in solution when the mixture is slightly warmed. .It is 
then diluted with water, made alkaline with sodium carbonate, and 
extracted four times with chloroform. The chloroform solution is 
washed seveml times with water to free it from alcohol, rapidly dried 
over calcium chloride, Altered, and the chloroform removed by dis- 
tillation ; the residue consists of white, glistening crystals of chloro- 
morphide suspended in ethyl phosphite. The crystals are collected, 
washed with alcohol, and being already very nearly pure can be em- 
ployed for further work without any additional purification. From 
12 — 14 grams of base are generally obtained in this way, and a further 
quantity can he isolated from the syrupy filtrate by dissolving it in 
pure dry ether and passing dry hydrogen chloride into this solution. 
A white precipitate of the hydrochloride of the base is obtained; 
this deliquesces in the air to a pasty mass, which on further 
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Standing gradually becomes hard, and can be readily purified by re- 
crystallisation, 

Ohloromorphide is a beautifully crystalline product which melts 
with decomposition at 190° It is scarcely soluble in ether, although, 
when freshly precipitated from a solution of its salts by alkalis, 
it dissolves readily in this solvent, but separates out again ahnost 
immediately in a brilliant, crystalline form. It is easily soluble in 
chloroform, and in methyl and hot amyl alcohols, but only sparingly 
so in boiling ethyl alcohol. It is insoluble in benzene, light petroleum, 
and most other organic solvents. 

0*1T07 gave 0-4214 COg and 0*0917 HgO. C = 67*32 ; H = 5*96. 

0-1290 „ 0-3180 COg „ 0*0715 0-67*22 ; H= 6-15. 

0*2830 „ 11 ‘8 e.c. moist nitrogen at 20° and 760 mm. IN — 4*77. 

0-3702 „ by Oarius^ method, 0-1731 AgCl. 01 = 11*57. 
Ci^HigOgNCl requires 0 = 67*4; H = 5-93 j 01 = 11*68; ]N = 4‘61 percent. 

A determination of the specific rotation in methyl alcohol gave the 
following result : 

ub - - 2°9', 1 dcm., c = 0*573, [ a ]b = - 376-2° 

CUcTomorphide SydroMoride is prepared from the base by grinding 
it up in a mortar with a slight excess of 10 per cent, hydrochloric acid. A 
pasty inass is at first formed, but on grinding it is rapidly (sonverted into 
a show-white powder, which can be readily filtered off from the mother 
Ikjuor. Its uquebus solution is unstable, for reasons already de^rib^, 
and it can only be recrystallised from w,ater with considerable loss. 
It’ dissolves readily in' hot alcohol, and on slowly cooling separates 
in hard crusts of diamond-like, highly refractive, anhydrous crystals. 

0^2456 gave, by Cteius* method, 0*1969 AgCL 01 = 19*84. 

requires Cl = 20*88 per cent. 

Its aqueous solution is very strongly Isevorotatory. 

a|r= -6°16W=ldcm., 0 = 1*67, [a]r= - 315*3° 

The hydrohromide is prepared in the same way as the hydrochloride, 
and is similar in its properties. Neither in this salt nor in the hydro- 
chloride could the halogen acid combined with the base be determined 
by direct titration with silver nitrate, as the end reaction was not 
sharp, probably owing to the ease with which the salt is decomposed, 
u^ for analysis was recrystalHsed from absolute alcohol. 

S by Garius’ method, 0*2716 of mixed AgCl and AgBr. 

requires 0*2793 gram. 

foliation the salt r^rystaUised froih alcohol gave the 
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ag’= - 4W, 1 dcm., 0 = 1*65, [a]f^ - 268*6^. 

Examination of Mother Liquors from prepa/ration of Chloromorphide. 
—After extracting the alkaline liquors with chloroform until nothing 
more went into solution, the aqueous residue always gave a fairly 
copious precipitate with Mayer’s reagent, and as the maximum yield 
of chloromorphide did not amount to more than 75 percent, of the 
theoretical, a certain amount of another alkaloid must be present. 
The alkaline mother liquors were therefore carefully neutralised with 
dilute hydrochloric acid, and evaporated to a small bulk. On evapora- 
tion, the solution became acid, and more alkali was added from time 
to time to keep it perfectly neutral. The mixture was evaporated to 
dryness, and the residue extracted with absolute alcohol in a Soxhlet 
apparatus to separate the alkaloidal salt from the purely inorganic 
residue. After distilling off the alcohol, the residue was dissolved in water, 
the solution boiled with a little animal charcoal to decolorise it, made 
alkaline -with sodium hydrogen carbonate, and extracted forty or fifty 
times with hot amyl alcohol. The base extracted in this way was 
removed from its amyl alcoholic solution by dilute hydrochloric acid, 
and the acid solution evaporated to a small bulk. When sufficiently 
concentrated, radiating clusters of long, silky needles commenced to 
separate out, in the form characteristic of morphine hydrochloride, 
and their identity with this salt was proved by a determination of the 
water of crystallisation. 

0*9322 at 120° lost 0-1322 HgO. HgO^U-l, 

C^.^ja[jQ0g]N,HCl,3H20 requires HgO^lA’S per cent. 

A bye-product therefore appears to be formed, which, oh heating 
with water, is readily reconverted into morphine. This product has 
not yet been isolated. I7o trace of isomorphine could be detected. 

AcetyhhloromorpMdej Cji^Hj^OgNObCO^CHij, can be prepared from 
chloromorphide by means of either acetic anhydride or acetyl chloride, 
the better result being obtained by the use of the latter. Ohhwro- 
morphide, mixed with about five times its weight of acetyl chloride, 
was heated for four or five hours on a water-bath in a reflux apparatus. 
The base nearly aU dissolved. At the end of the reaction, the excess 
of acetyl chloride was distilled off, the residue dissolved in water, 
sodium carbonate added, and the base extracted with ether. On dis- 
tilling off the ether, the acetyl derivative remained behind, and was 
purified by recrystallising two or three times from absolute alcohol 
and finally from acetone, 

Acetylchloromorphide forms small, white, glistening plates, which 
soften at 173°, and melt at 174 — 178° several recrystallisations being 
required before a specimen can be obtained melting at the higher 
temperature. 
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0:154:5 gave 0*3813 COg and 0-0880 HgO. 67*31 ] H = 6*32, 
0*1562 „ 0*3849 002 „ 0*0830 HgO. 0 = 67*20; H = 5*90, 
0*2338 „ by Oarius’ metliod, 0*0923 AgOL 01 = 9*76. 
OigHgoOsKCl requires 0 = 66*00 ; H = 5*78 ; Cl = 10*27 per cent. 

Although this substance was repeatedly crystallised, a pure specimen 
could not be obtained. 

From the mother liquors, a very small amount" of crystalline sub- 
stance was obtained, melting at 137—145®. The quantity was not 
sufficient for further investigation. 

The hydrocMonde was made by grinding up the base with 10 per cent, 
hydrochloric acid. It was recrystallised from water, from which it 
separated in silky needles, but by this means only 1*2 grams of salt 
were obtained from 5 grams of the base. As the mother liquors from 
this product decomposed on concentrating, becoming strongly acid, 
water was evidently an unsatisfactory solvent for recrystallisation. 
When administered^?* os, this salt produced no narcotic effects. 

Beomomoephidb. 

Phosphorus tribromide acts on dry morphine with such violence that 
the mixture spontaneously takes fire. For this reason, the tribromide 
inust be diluted with some inactive solvent to obtain a satisfactory result. 

Twenty grams of morphine, previously dried at 120®, ai.*e thrown into 
a solution of 20 grams of phosphorus tribromide in 80 grams of chloro- 
form^ and the whole heated for four or five hours bh a water-bath in 
a reflux apparatus. At the end of this time, a yellow, pasty mass is 
formed und^heath the chlorofmnoou Ti^ is dismtegrated with 

equal in bulk to the chloroform 
IB bMM. The whole is stirred round and warmed^ until ^a not 
quite clear, homogeneous solution is obtained. This is then filtered, 
and the precipitate, consisting of a little yellow phosphorus mixed 
with hydrobromide of the base, is washed well with hot water, the 
washings being added to the filtrate, which is finally mixed with about 
twice its volume of water. The chloroform then separates out. The 
whole is then added in small quantities at a time, in a separating 
funnel, to a solution of excess of sodium carbonate over which a layer of 
ether stands, and the mixture vigorously shaken after each addition. 
The base is thus set free from the solution of its hydrobromide, and ex- 
tiracted with the mixture of chloroform and ether. Great care must 
taken the base separating in pasty lumps, for these are 

soluble in the chloroform-ether mixture; if formed, they 
in acid, the base regenerated from this, and 
deto?ibed> Bromomorphxde is readily soluble in 
-oh the solution in this sblvent, a hard, 
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porcelain-like mass is obtained, consisting of a mixture of the base 
with chloroform, from which the chloroform can only be expelled 
with great difficulty. On the other hand, the base is too slightly 
soluble in ether for it to be advisable to use this solvent alone. 
Satisfactory results, however, are obtained by the employment of 
the ether-chloroform mixture. After extracting four times with a 
mixture of chloroform and ether, very little of the base remains in 
the aqueotis mother liquors. The chloroform-ether extract is then 
washed four or five times with water to extract the alcohol, rapidly 
dried with calcium chloride, filtered, and distilled. The base remains 
behind as a porcelain-like mass with a certain amount of chloro- 
form adhering. On warming for some time on a water-bath with 
alcohol and then evaporating, a thick syrup is obtained, which is 
free from chloroform, and solidifies on standing for a short time to a 
hard mass, which can Ibe readily powdered in a mdrtaf. After drying the 
powder thus obtained ?in a water oven, it is further purified by 
recrystallisation. About 20 grams of base in this crude form are 
obtained from 20 grams of morphine. 

In order to purify the product, the only convenient solvent avail- 
able is ether. As, however, it is only slightly soluble in this liquid, 
it is placed in a Soxhlet apparatus, and extracted for several hours 
with pure dry ether. It then separates from the ether in hard masses 
of minute crystals, which are collected, and are quite pure enough for 
most purposes. A further amount of the base is obtained by concen- 
tration of the ethereal-mother liquor. For analysis the substance was 
recrystallised from ether two or three times. After the first ethereal 
extraction a certain amount of product remains undissolved. This 
has not yet been further investigated. As a rule, about 45 grams of 
recrystallised base are obtained from 60 grams of crude product. 

Bromomorphide forms a microcrystalline powder of intensely bitter, 
nauseous taste. It is readily soluble in alcohol or chloroform, but only 
slightly so in pure dry ether. From benzene or ethyl acetate it sepa- 
rates in a gelatinous form, resembling that obtained from chloroform. 
It melts at 169— 170°. 

0-1692 gave 0*3694 COg and 0*0841 HgO. C-59‘5 j H-6‘52. 

0*1227 „ 0*2677 002 „ 0*0622 HgO. 0 = 59*5 ; 5*63. 

0*5030 „ 18*8 c,c. moist nitrogen at 21° and 763 mm. ]Sf = 4‘27. 
0*3620 „ 0*1904AgBr. Br=22*38. V 

Oi^HigOgNBr requires 0 = 68*62 5 H;=5*17 j H = 4*02; Br = 23*00 

per cent. 

A determination of the specific rotation in methyl alcohol gave the 
following result : 

4- 1°52W= 1 dcm., 0=2*837, [a]r- 465*9°. 
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Bromonxorphide is also obtained when morpiiine is mixed with four 
►or five times its weight of 45 per cent, hydrobromic acid solution, and 
the whole heated for 2 or 3 minutes over a free fiame, until the mix- 
ture begins to darken in colour. The product is then made alkaline 
with sodium carbonate, and the base extracted with an ether-chloroform 
mixture. A little unchanged morphine remains undissolved. For 
preparing large quantities of bromomorphide, the phosphorus tribromide 
method is the more convenient. 

The salts of bromomorphide are much more stable than those of the 
corresponding chloro-compound, and for this re^on can be recrystal- 
lised from water with very little loss. They are made by grinding up 
the base with a slight excess of acid. The hydrochloride crystallises 
from water in glistening needles containing IHgO. 

0*4545, at 115^ lost 0*0188 HgO. HgO = 4*14. 

0iij.HjgO2NBr,HCl,H2O requires HgO = 4*47 per cent. 

0*3646 air-dried substance gave 0*3022 mixed AgOl and AgBr, 
AgOl + AgBr calc. = 0*3 gram. 

For the determination of the specific rotation, the anhydrous salt 
obtained by recrystallisation from alcohol was employed. 

ax>- +l°ir; dcm,; c-3*167; [a]r- +41-P. 

The hydrohromi^ is very similar in appearance to the hydrochloride. 

<>*7402, at 120®, lost 0*0355 H20.^ HgO == 4*73. 

0*2720 air-dried substance gave 0*2242 AgBr. Br — 35*07. 
Ci^HjgOgNBrjHBrjBEg^ i Brp=; 35*77 per cent. 

For the determination of the specific rotation a specimen recrys- 
taliised fi»m alcohd was employed ; 

a]>= +1®0'^ Z=5=l dcm. ; 0 = 2*53 ; [a]D‘= +39*5. 


Deoxymorphine. 

Ohloromorphide was suspended in about five times its weight of 
concentrated hydrochloric acid, excess of granulated tin added to the 
mixture, and the whole heated for 2 or 3 hours on a water-bath. 
A thick syrup separated out after a time. The liquid was poured off 
from the undissolved tin, which was then washed several times with 
hot water to dissolve out all the separated syrup. After filtration, 
^ liquid was saturated with hydrogen sulphide whilst still warm, 
l ^&tecmied up, and allowed to stand for some time. The precipitated 
sulphide is subsequently filtered off and washed with hot 
added to the filtrate, which is then concen- 



Lticn takes place at 120*^, the substance becoming somewhat 
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trated over a free flame, under diminislied pressure. If not concen- 
trated too far, crystals of the new hydrochloride will separate out, 
and these, after filtering off and recrystallising once or twice from hot 
water, are quite pure. If, however, the new hydrochloride separates 
as an oil, it is advisable to neutralise carefully the strongly acid liquid 
with caustic soda and evaporate to dryness in a vacuum. The product 
thus obtained is then ground up to a fine powder, and extracted with 
absolute alcohol to separate the hydrochloride of the base from the 
inorganic salts with which it is mixed. On evaporation of the alco- 
holic extract, a syrup is obtained, which partly solidifies on mixing 
with water. The solid part can then be collected and recrystallised 
from water. Owing to the large amount of uncrystallisable matter, 
the yield of this hydrochloride was very small, and various attempts 
were made to increase the amount, but 'v^thout success. As the pro- 
duct could not be obtained in lax^e quantities, it was not subjected to 
a detailed investigation. 

The hydrochloride separates from water in glistening needles con- 
taining l^HgO. The fiase is soluble in ether, but has not yet been 
investigated. 

0-8050, at 120® lost 0*0666 HgO, H20=«8-25. 

0-1196 gave 0-2707 OOg and 0-0748 HgO. 0«61-66 ; H«6-94. 

0-3592 „ 12-8 e.c, moist nitrogen at 19® and 755 mm. N— 4-06. 

0-3135* „ 0-1333 AgOl. 01 = 10-52. 

Ci^Hi 902 N,HC 1 , 1 JH 20 requires 0 = 61-35; H = 6*91; N = 4-2i; 

01=10-7; 8-12 percent. 

The specific rotation was determined with a specimen recrystallised 
from water: 

ai>= +3®19'; ^=1 dcm. ; 0 = 2-363; [a]r= +140-3®. 

ISOMORrHINB. 

* IsdiStfbr^nne is most conv^^ prej^red from bromoihorphide. 

For this purpose, 16 grams of bromomorphide are heated in a reflux 
apparatus with 150 c;c. of water, care being taken that the suspended 
base is not superheated, the flask, on this account, being repeatedly 
shaken. After about 1/ hour the whole of the bromomorphide dis- 
appears, and a clear, light brown liquid is formed, which can he partly 
decolorised by boiling with animal charcoal. After filtering from the 
animal charcoal, the liquid is concentrated to a syrupy consistence. 
On stirring, the syrup partly solidifies to a thick, crystalline paste. 
The crystals are then separated from the mother liquors, washed 

* This analysis was done by Carins’ method, in order to be sure that there was no 
chlorine in the substance other than that in the acid. 
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with a little alcohol, and spread on a porous plate. They are already 
nearly white ; owing to their extreme solubility in water, purification 
is best effected by dissolving them in a large quantity of hot alcohol, 
and xioncentrating the solution until the hydrobromide separates out 
as a crystalline powder. 

Tile hydTohTOw.id6 crystallises from water, with, IHgO, in . $ 

stmnpy prisms, 

0-70T8, at no— 12Q°, lost 0*0360 HjO. HjO-^ S'OS. 

Oi^i 90 sN,HBr,H:ijO; requires HjO = 4*69 per cent. 

It separates from alcohol as a granular, crystalline powder, without 
water of crystallisation. 

0*2161 gave 0*4466 OOg and 0*1058 H^O. 0 = 56*36 ; H = 5*40. 

0*1688 „ 0*3470 002 „ 0 0840 H^O. 0 = 56*06; H = 5*50. 

0-2817 „ 0-1433 AgBr. Br=21-64. 

requires C = 55 ‘75; H = 5*46; Br = 21-85 per cent. 

A determination oi the specific rotation gave the following result » 
ajy = Z = ldcm. ; e = 2*49; [a]ir= -127*2°. 

The corresponding salt of morphine crystallises with 2 H 2 O, and 
when recrystalli^ from alcohol in the anhydrous form gave for the 
specific rotation the following result : 

aB= — 5°; 2=^2dcm. ; c = 2*49| [a]D’= -100-4° . 

In order to obtain falts other than the hydrobromide, the solution 
of the latter/ obtain^ by decomposition of bromomorphide, is con- 
centrated, made alkaline with sodium carbonate, and extracted five or 
six times with hot amyl alcohol,. To prepare the hydrochloride, the 
amyl alcoholic solution is extracted with dilute hydrochloric acid, 
and the acid solution evaporated to a syrup and left to crystallise. 

The hydrochloride is excessively soluble in water, from which it 
separates in beautiful, transpaj:*ent, anhydrous, regular octabedra. 
The specimen analysed was recrystallised from a large quantity of 
absolute alcohol, in which it is only slightly soluble. 

0-2913 required 9*2 c.c, iVyiO AgKOg. Cl = ll*21, 

)3N,HC1 requires Cl = 11 *04 per cent. 

: ^ A determination of the specific rotation gave the following result : 


. ai>= - 7°9', Z=1 dcm., c=4*76, -*150°. 

e correS|mdiiig morp^ salt crystallises from water in masses 
mdhrtapg needles contait^ and is soluble in 

w^ht of water. For purposes of comparison, a 
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specimen, free from water of crystallisation, was prepared by re- 
crystallising from alcohol, and gave the following result : 

2°30',Z-l dcm., c = 2-240, [a]f= -111-5® 

The sulphate was prepared by treating the hydrochloride with a 
solution of silver sulphate and evaporating the filtrate very nearly to 
dryness. It is excessively soluble in water, but insoluble in alcohol, 
and could not therefore be recrystallised. For this reason, its pro- 
perties were not accurately determined, but it differs very markedly 
from the neutral sulphate of morphine. 

IsomorpMne was originally prepared by treating a concentrated 
solution of the hydrobromide with aqueous ammonia in the presence 
of ether ; the freshly precipitated base is dissolved by the ether, from 
which, however, it rapidly separates again in a beautiful, crystalline 
form. Only a portion of the base could be obtained in this way, 
even after 15 or 20 extractions with ether. The rest remained in 
the alkaline liquid, and on evaporating the latter to dryness in a 
vacuum, a mixture of the hydrobromide with ammonium bromide was 
obtained. ‘ The base is best obtained, however, by decomposing the 
hydrochloride by sodium methoxide in methyl alcohol. Sodium 
chloride is precipitated, and after filtration the nearly pure base is ob- 
tained from the mother liquor. 

Isomorphine is free from any bitter taste. It dissolves in large 
quantities of ethyl alcohol, is readily soluble in methyl alcohol, but 
not very readily so in most other organic reagents, and can best be 
recrystallised from a mixture of methyl alcohol and ethyl acetate, 
from which it separates in the form of small, white, glistening needles 
melting at 246 — 248®. It is also soluble in, and can be recrystallised 
from, hot water, 

^638 gave 0-4320 COg and 0-1004 HgO. C = 71*92 ^ 6-81. 

6*2690 „ 11*8 c.c. moist nitrogen at 24® and 757 mm* K 4-90, 

"V requires 0 a* 71 *6 ; H»»6'66,- N«4-91 per cent. 

A determination of the specific rotation was made with a solution 
of the base in methyl alcohol, and gave the following result : 

-3®17',7«1 dom., c=-2-01, -164*3°/ 

Morphine* is similar to isomorphine in many respects, and melts at 
254®. A specimen, recrystallised from methyl alcohol, from which it 
separates in beautiful groups of radiating crystals, gave the following 

* It does not seem to be generally known that morphine can be readily recrystal- 
lised from various solvents, especially methyl alcohol, in which it is quite readily 
soluble. 
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ziunibers when its specific rotation in xnethyl alcoholic solution was 
determined. 

-.3^0', Z = 1 dcm.» c = 2*292, [a]?f= -130*9^ 

The colour reactions of isomorphine are similar to those of morphine. 

Isomorphine MetModide, — 4*2 grams of isomorphine and 5 grams of 
methyl iodide were dissolved in 150 c.c. of methyl alcohol and the 
mixture boiled on a water-bath, After about 20 minutes, the 
methiodide commenced to separatSi The boiling was continued for 
1 hour, at the end of which time the crystals of the methiodide 
were filtered off. A further small quantity was obtained from the 
mother liquors. After drying at 80°, the substance was found to 
melt with some decomposition at 276°. It is soluble in hot water, 
from which it separates on cooling in the form of white, glistening 
needles. It dissolves readily in 25 per cent, caustic soda solution. 

0*3980 required 9*35 c.c. i\7/10 Agl703 solution. I = 30*^0. 

Ci 7 Hiq 03 I:T,CH 3 I requires I = 30*6 per cent. 

A determination of the specific rotation in water gave the following 
results : 

aD= --l°38V^»l d*cm.,c= 1*696, [a]^= -91*6°. 

Morpitme methiodide melts at nearly the same temperature as the 
is<miorphine derivative. A determination of its specific rotation in 
water the following result : 

0^==^ -72*9V 

on Jsmior^Mm grams 

^ 40 grams of acetic anhy- 

didd^ to this was lidded ^ gram fused sodium acetate, and the whole 
boiled on a sand-bath until solution was effected, when 1*6 grams of 
silver acetate (1 mol.) were introduced. Immediate precipitation of 
silver iodide occurred, and the mixture was boiled in an oil-bath for 
6 hours. Silver iodide was then filtered off, and the filtrate heated in 
a sealed tube for 3 hours at 180°. The acetic anhydride was then 
distilled off at 170° in an oil-bath, and the concentrated, light brown 
solution poured into twice its volume of water. A small quantity of 
a brown oil separated, which quickly solidified, and was collected, 
powdered, and dried. The crude substance only amounted to 0*3 gram. 
This Was dissolved in glacial acetic acid, the solution boiled with 
aMmal charcoal, and filtered. On cooling, the filtrate deposited small, 
■) m which were collected and found to melt at 154 — 165°. 

then ree^ a large quantity of dry ether, 

they separated in small, white needles melting at 
Q. ' '■'Fischer and . Vongerichten obtained an acetyl di- 
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hydroxyphenantjhrene from morpMne methiodide which melted at 159° 
(J569*., 18£?B, 19, 792). The filtrate from the solid product, which 
contains the main product of the action of acetic anhydride and silver 
acetate on morphine methiodide, when made alkaline, deposits a base 
which has not yet been investigated. 

Further reactions qf Isomorphirie Methiodide, — -2T grams of isomorphine 
methiodide were dissolved in hot water, and to this an aqueous solu- 
tion of 0*78 gram of silver sulphate was added. The precipitated 
silver iodide was filtered ofi, and to the filtrate an aqueous solution of 
0*8 gram of crystallised barium hydroxide was added, and the whole 
boiled. Carbon dioxide was passed through for a short time to pre- 
cipitate the very slight excess of baryta. After filtration from the preci- 
pitated barium sulphate, the strongly alkaline solution was evaporated 
to a syrup, which, when placed in a vacuum, deposited a mass of fern- 
like crystals. On further evaporation in a vacuum, the crystals 
dissolved, and a syrup was obtained which, on standing overnighl^ 
became a hard, solid mass. This, when powdered and dissolved in 
methyl alcohol, gave a strongly alkaline solution. Excess of methyl 
iodide was^added, and the mixture allowed to stand for 2 days. At 
the end of this time, it was still strongly alkaline, and did not become 
neutral until boiled on a water-bath for 1 hour. The methyl 
alcohol, with excess of methyl iodide, was evaporated off, leaving a 
syrup which was dissolved in water, and the solution boiled with 
animal charcoal, filtered, evaporated on a water-bath to a syrup, and 
placed in a vacuum over sulphuric acid. The resulting varnish 
gradually became quite hard, and could be powdered; it was deli- 
quescent, and almost insoluble in ethyl alcohol, but readily soluble 
in methyl alcohol or cold water. It did not agree in any of its pro- 
perties with codeine methiodide. 

0*3908 required 8*7 c.c. FjlO AgNOg. 1=28*2. 

OiyHig(OCHg)02N,OH3l requires I = 28*8Iper cent. 

A determinatioh of the specific rotation in water gave the following 
result ; 

-2°0V Z = l dcm., c=2*074, [aj^^ -96*4°. 

Preliminary experiments have been made for the preparation of the 
acetyl compound, and the results will be coj^unicated in a later 
paper. 

Addendum , — Since the communiciation of the above paper to the 
Society, Pschorr and Sumuleanu have published their synthesis of 
morphol (Ber, 1900, 33, 1810), and confirmed the formula assigned to 
this substance by Yongerichten. 

The ’Wellcome Cebmioal Rbsbabch Laboratories. 
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XCII. — 7%e, Oxime of Mesoxamide and some Allied 

Compounds. 


By Martha AmuR WiiTBiEt, 




By the action oi majonaioide a sixbstance is ob- 
tained i$ cbaar^t^ised by lie intense violet coloration it gives 

inised vritb ferrons sulphate and an alkali (Tilden and Forster, 

’EjEahs.y lB95y 490)^ 

This substance can be prepared by the action of liquid nitrosyl 
chloride on malonamide in sealed tubes at the ordinary temperature. 
After several days there is evidence of considerable pressure, for, on 
opening the tubes, hydrogen chloride escapes together with unchanged 
nitrosyl chloride. It was more conveniently prepared, however, by 
passing a current of gaseous nitrosyl chloride through chloroform in 
which malonamide was suspended. The gas was rapidly absorbed, but 
■ the amide was attacked very slowly at the ordinary temperature, and 
it was necessary to warm the liquid from time to time to about 
45 — 50°; a brisk evolution of gas then occurred, and the liquid be- 
came colourless* The white, crystalline powder was filtered off, washed 
with chloroform, and spread on a clock glass to dry; it continued to 
evolve hydrogen chloride for some time. 

The crude product thus obtained was readily soluble in water, and 
the concentrated solution decomposed with evolution of carbon dioxide 
when evaporated on a steam-bath- The aqueous solution was there- 
fore allewed to evaporate in a vacuum over sulphuric acid, and the dry 
remdue extracted repeatedly with boiling ethyl acetate. A small 
quantity of insoluble matter was left, which was found to be am- 
monium chloride. From the ethyl acetate solution, a white, crys- 
talline powder was deposited, which gave very strongly the character- 
istic colour reaction with ferrous sulphate. After reerystallisation 
from ethyl acetate, the substance melted with decomposition at 187°. 
It is readily soluble in water or alcohol, forming acid solutions from 
which, by spontaneous evaporation, it crystallises in small, clear prisms. 
It is also soluble in boiling acetone, ethyl acetate, or acetic acid, 
crystallising from the last in well-developed prisms containing acetic 
acid, which is given up on exposure to the air, the crystals efflorescing. 
/ 1# is insoluble in benzene, ether, or light petroleum. The aqueous 
assumes a bright yellow colour on the addition of, ammonia, 
l^e substance contains no chlorine. After boili^ 
orib acid, ^it Fehling^s sortition. It do^ not 

an^s test. \OAa^ 
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0'0919 gave 26 c.c. moist nitrogen at 20*5° and 766*7 mm. N = 32'58. 

0*0766 „ 21*5c.c. „ „ „ 20° „ 768 mm. N = 32*45, 

OgHgOgNg requires IT = 32*06 per cent. 

In a molecular weight determination : 

0*0981 in 23*93 acetic acid gave a depression 0*135°. Mol. wt. = 118*4. 

0*1351 in 23*93 „ „ „ „ 0*187° Mol. wt.- 117*7. 

The molecular weight of C^H^OglNg is 131. 

The substance is therefore an oxime having the formula 

(co-2TH2)2o:n*oh. 

Acetyl Derivative^ (CO •NH2)2CINr*O*C0* CHg. — The oxime dissolved in 
acetic anhydride on warming, and from the solution bright, well-formed, 
prismatic crystals separated 3 these were filtered ofi, washed with 
acetic anhydride, and dried in a desiccator. The acetyl derivative 
melts, with decomposition, at 190°, and dissolves sparingly in cold, but 
readily in hot water, doubtless suffering hydrolysis, as the solution is 
coloured yellow by an alkali, and gives the characteristic violet colora- 
tion on the addition of ferrous sulphate. On analysis : 

0*1473 gave 30*5 c.c. moist nitrogen at 17° and 767*65 mm. N - 24*28. 
CgH^O^Ng requires IT — 24*28 per cent. 

The acid character of the oxime is strongly marked. One 
hydrogen atom is readily replaced by metals, giving rise to salts which, 
with one or two exceptions, are of a bright yellow colour. The alkali 
salts are readily soluble in water, and are precipitated in the form of 
silky, yellow needles on the addition of alcohol to the solutions. 
The silver, lead, barium, and calcium salts are less soluble, and 
separate in a crystalline form from concentrated solutions. 

silver salt, (CO*lTH2)2CIIT*OAg, was analysed, with the following 
result: 

0T650, on ignition, gave Q*0744 Ag. Ag = 45*09. 

OgH^OglTgAg requires Ag — 45*34 per cent. 

The potassium salt, (C0*1TH2)2G*1T'0K, was prepared by adding 
excess of potash to the concentrated aqueous solution of the oxime, 
and precipitating the salt by the addition of alcohol, filtering, and 
wasWg with alcohol until free from alkali. 

0 5652 gave 0*2905 K2SO4. K-23*08. 

requires K— 23*12 per cent. 

Ferrous Potassium Salt^ (C0*KH2)2*C*IT*0K,[(00*]SrH2)2^*^*^]2^®* 
— ^The capacity of forming coloured salts is certainly the most striking 
property of the oxime. The characteristic violet coloration with 

VOL. LXXVII. * 4 B 
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ferrous sulphate and an alkali is due to the formation of a double 
salt, which is obtained in the form of small, well-defined prisms of a 
purple colour, with a green or bronze lustre when ferrous sulphate is 
added to a concentrated aqueous solution of the potassium, sodium, 
ammonium, barium, or calcium salt. For the purpose of analysis, the 
ferrous potassium salt was prepared by adding freshly made ferrous 
sulphate solution to a concentrated aqueous solution of the potassium 
salt, the crystalline precipitate being rapidly filter^, washed two or 
three times with cold water, in which it was very soluble, and dried in 
a desiccator. When dry, the salt is perfectly stable, but is rapidly 
decolorised when left exposed in the damp state. 

0*1351 gave 0*0223 ^0303. Fe== 11*56. 

0*4546 „ 0*0732 Fe^Og and 0*0787 K2SO4. Fe = 11*27 ; K«7*77. 

(03H^OgNg)gKFe requires Fe= 11*54; E = 8'06 per cent. 

The derivative, {CO *I7H2)2CIN*OEt, could not be obtained 

by the action of ethyl iodide and sodium ethoxide on the oxime. It 
was prepared, however, by the action of ethyl iodide on the silver salt 
suspended in alcohol ; the change took place readily on warming, silver 
iodide being precipitated and a yellow solution formed, which, after 
filtration, was evaporated to dryness, and the yellow, crystalline residue 
recrystallised from boiling ethyl acetate. The derivative was thus 
obtained in the form of minute, colourless octahedra melting at 
150—151°. It dissolves readily in water, but suffers hydrolysis as 
the solution becomes yellow with alkalis, changing to violet on the 
addition of ferrous sulphate. 

0*1092 gave 25*7 c.c. moist nitrogen at 20° and 769*1 mm. N = 27*28. 

CgHgOgNg requires 26*41 per cent. 

Analyses of the oxime and certain of its metallic and alkyl deriva- 
tives having indicated that it is the isonitroso-derivative of malonamide, 
it was prepared by three other methods, which confirm this view of its 
constitution — namely, by the action of nitrous acid on malonamide, 
by the action of hydroxylamine on dibromomalonamide, and by the 
action of ammonia on ethyl isonitrosomalonate. 

Action of Nitrous Acid on Malonamide , — The gases obtained by the 
action of nitric acid of sp. gr. 1*3 on white arsenic were passed into a 
supersaturated solution of malonamide kept cool by ice. When the 
precipitated malonamide had all passed into solution and the liquid 
had acquired a blue or green colour, the tube was gently warmed until 
evolution of nitrous f uines ceased and the solution was colourless ; it 
was then cooled and the operation repeated. Finally, the solution was 
eraporate in a vacuum oyer sulphuric acid, and the hard, 
masses thus obtained were dried, gi^und to powder, and 


^l^wed to 
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recrystallised from etbyl acetate. By this method, a yield of 40 per 
cent, of the theoretical was readily obtained. 

Action of Hydroxylamine on Dibromomahnamide, — ^Dibromomalon'* 
amide, prepared by the action of bromine on malonamide (Freund, 
Ber., 1884, 17, 782), was suspended in an alkaline solution of hydroxyl- 
amine hydrochloride (IJ mols.) and warmed on the steam-bath for 
48 hours. At the end of that time, all the dibromomalonamide had 
passed into solution, the liquid had a bright yellow colour, and one 
drop gave, with ferrous sulphate, an intense violet colour, indicating 
the presence of the oxime in considerable quantity. The compound 
was not isolated, however, owing to the difficulty of separating it 
from the mixture of sodium bromide and chloride. 

Action qf Ammonia on Ethyl honitrosomdlonate, — ^When ethyl 
isonitrosomalonate was mixed with excess of ammonia solution of sp. gr. 
0*925, heat was developed and a dark yellow solution formed. After 
standing for sixteen hours, the yellow crystalline deposit was removed 
by filtration, washed with alcohol, and dried. It was identified as 
the ammonium salt of the oxime of mesoxamide by its colour, crystal- 
line form, solubility, and the formation of the dark violet crystals of 
the double salt on treatment with ferrous sulphate solution. The 
yield was 80 per cent, of the theoretical. 

Action if Witrous Acid on the Oxime.— Ira preparing the oxime by 
the action of nitrous acid on malonamide, it was noticed that a white 
precipitate of long, silky needles was frequently deposited in the 
rapidly cooled solution. This is a product of the action of nitrous 
acid on the oxime, for it can be prepared by adding an aqueous solu- 
tion of nitrous acid to the oxime, or to its potassium salt rendered 
colourless by a drop of hydrochloric acid. The substance was separated 
by filtration, washed with water and alcohol, and dried in a desiccator. 
It melts with decomposition at 215 — 220°, is slightly soluble in cold, 
but readily soluble in boiling water, and dissolves readily in alkalis, 
forming pale yellow solutions from which it is reprecipitated in the 
crystalline form on the addition of hydrochloric acid. The alkaline 
solutions do not give a violet coloration with ferrous sulphate. After 
boiling with hydrochloric acid, the substance does not reduce Fehiing^s 
solution ; hence it"is hot an oxime. For the purpose of analysis, a 
specimen was recrystallised from boiling water, washed with cold 
water and with alcohol, and dried in a desiccator. 

0*094 gave 26*6 c.c, moist nitrogen at 21 *5° and 750*8 mm. N = 31 *75 
per cent. 

By heating the substance with caustic potash, and collecting the 
distillate in a known quantity of sulphuric acid, 0*4213 evolved 
ammonia equivalent to 0*2088 N as 14*17 per cent. 

4 B 2 
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whiteley: the oxime of 


These results agree with the numbers calculated from the formula 
of a pseudonitrole, (C0*lNrH2)20(NO)*2jTO2, which requires 31*82 per 
cent, of nitrogen and 15*91 per cent, of nitrogen as amidogen. It 
does not, however, possess the properties usually regarded as character- 
istic of a pseudonitrole, and it does not respond to Liebermann’s 
test. 

The substance appears to be dimorphous, crystallising in long, ^dky 
needles, or very bright, shining plates, according to the conditions; 
the former are thrown down from the mixture when it is rapidly 
cooled, the shining plates are deposited when the cooling is gradual. 
Moreover, the needles tend to pass into the other form on recrystallis- 
ing from water, or on long standing in the mixture. 

By the further action of nitrous acid on malonamide, ammonium 
quadroxalate and oxalic acid are formed and constitute the only solid 
products. 

Redriciion of the Oadme, — ^The oxime was readily reduced by the 
action of hydriodic acid on a concentrated aqueous solution in the 
cold. The liberated iodine was removed by shaking with mercury, 
and the excess of hydriodic acid by mercuric oxide. After removal 
of a trace of mercury from the solution by means of hydrogen sul- 
phide, the liquid was evaporated to dryness, taken up with a little 
water, alcohol added until it produced turbidity, and the solution 
rendered clear by warming. Large, prismatic crystals associated with 
the cubical crystals of ammonimn iodide were slowly deposited from the 
solution. The prismatic crystals, which consisted of the hydriodide 
of a base, blackened, but did not melt at 250°. On analysis : 

0*1981 gave 0*1881 Agl. I =: 51 *30. 

CgHgOgNal requires I = 51*^8 per cent. 

The reduction product of the oxime is therefore aminoiJhalonamide^ 
(C 0 *KBL 2 ) 2 ’ 0 H*!NB[^, but the supply of material was too small to 
allow of the isolation of the base. 


The capacity of forming red or purple alkali salts, and deep blue or 
violet ferrous salts, is characteristic of violuric acid, dimethyl violuric 
W5id, isonitrosomalonylguanidine, and other ring compounds which 

contain the grouping . 

According to Hantzsch {Ber,^ 1899, 32, 594), the salts of violuric 
acid poss^ a constitution different from that of the acid, and involv- 
ing iarasiafi^nee of the hydroxyl from the oximido-group to the carbon 
the ad|aeent <mrb(myi, and the subsequent linking of the 
t and the Gxyg® ^ f orm a four-membered ring. 

an open chain <»jni>outtd^ al^ 
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contains the characteristic grouping OH*!NIC<C 0 q.]^* » forma- 

tion of coloured salts may be due to a similar tautomeric change. 


H2N-9:o 

c:n-oh 

HgN-OIO 

Oxime. 


9K 
H^N-C-O 
(prN • 

HaN-aO 

Salt. 


The only other substance which I have been able to find, having the 
property of giving a colour reaction with ferrous sulphate and an 
alkali, is isonitrosoguanidine, described by Thiele (AnncUen, 1893, 
273, 133). It was at first thought that there might be some resem- 
blance between this compound and those to which reference has just 
been made, and some isonitrosoguanidine was therefore prepared for 
purposes of comparison. Investigation showed, however, that the 
colour produced by alkalis does not differ markedly from that of the 
compound itself, whilst the shade obtained with ferrous sulphate is 
bluish-red and quite distinct from that produced with the oxime of 
mesoxamide. The constitution assigned by Thiele to isonitroso- 
guanidine seemed to exclude from consideration the possibility of its 
being the analogue of these oximes, but to put the question to the 
test of experiment the oxime of mesoxamethylamide (isonitrosomalono- 
methylamide), OH*ITI0(0O •]!!THMe) 2 , has been prepared by Andreasch^s 
method {Monatsk,, 1895, 16, 773). Contrary to Andreasch’s experience, 
I find that the barium salt of this oxime is distinctly yellow. On 
the addition of ferrous sulphate to a solution of an alkali salt of this 
compound, a violet colour was obtained indistinguishable from that 
produced Tvith the oxime of mesoxamide. 

Further experiments are in progress to ascertain to what extent the 
colour reaction with ferrous sulphate is modified by the substitution 
of other radicles for the aminic hydrogen atoms in the oxime of 
mesoxamide. 

The oxime of pyruvamide differs in constitution from that of mes- 
oxamide in containing a CHg group in the place of one of the 
groups of the latter; it was therefore expected tlmt it would give 
similar, although modified, colour reactions. It was prepared by the 
action of ammonia on ethyl oximidopyruvate, and is a colourless, crys- 
talline substance which melts at 176—177°, and dissolves sparingly in 
cold, but readily in hot water. It was recrystallised from boiling 
ethyl acetate. On analysis : 

0*0921 gave 22 c.c. moist nitrogen at 20° and 7 68’8 mm. H = 27*66. 

CjHgOgNg requires N « 27*45 per cent. 
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Alkaline solntions of this oxime exhibit no decided yellow colour, and 
the precipitate formed on the addition of ferrous sulphate is pale red, 
darkening rapidly to a deep reddish-brown. 

The oxime of pyruvamide is described by Hantzseh and Urbahn 
1895, 28, 760) as melting at 174 — 175^, and prepared by the 
joint action of ammonia and hydroxylamine on ethyl pyruvate. Two 
attempts were made to prepare the compound according to the instruc- 
tions given, but withoutr success ; the only product isolated was an 
extremely soluble substance, extracted by ether from the mixture. 
On distilling off the ether, a yelloVr, syrupy liquid was left, which 
eventually solidified into a mass of pale yellow, prismatic crystals 
covered with a thin layer of a transparent, yellow solid ; the two were 
identical in properties, readily soluble in water, alcohol, ethyl acetate, 
or acetone, but less soluble in ether, and insoluble in benzene, light 
petroleum, or chloroform. The aqueous solution gave a deep cherry- 
red colour with ferric chloride, and a green precipitate with copper 
acetate ; the faintly yellow solution formed with alkalis became reddish- 
brown on the addition of ferrous sulphate, and threw down a pre- 
cipitate. For the purpose of analysis, the substance was recrystallised 
from ether; the colourless, crystalline powder thus obtained melted 
with decomposition at 143®. The nitrogen in each of the two speci- 
ments was estimated ; 

O'lOOfi gave 20*7 c.c. moist nitrogen at 20*6®and 764*9 mm. N — 23*66. 

0*1096 „ 22*4 c.c. „ „ 21® „ 763*6 mm. 23*38. 

OgHgOgNg requires = 23*73 per cent. 

The eompound is, therefore, the hydroxamic acid of oximidopropionic 
aoii 


All attempts to prepare an isonitroso-derivative from succinamide by 
the action of nitrosyl chloride or nitrous acid were unsuccessful. 
Succinamide suspended in chloroform is not attacked by nitrosyl 
chloride ; when sealed in a tube with liquid nitrosyl chloride for 7 
days, it was partly converted to succinic acid. It was completely 
converted to succinic acid when treated with nitrous acid in water 
solution. 


■work was undertaken at the suggestion of Professor Tilden, to 
t my ^^nks Sci^ due for much help and encouragement during its 
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XCIIL — Phenylacetylchl(yramine and its Analogues. 

By Heney H Abmstrong. 

Bendee, who was the first to show that the aminic hydrogen of 
acetanilide can be displaced by chlorine 1886, 19, 2272), 

efected the chlorination by adding a concentrated solution of bleach- 
ing powder to a concentrated aqueous solution of acetanilide mixed 
with an excess of acetic acid ; as he refers to the interaction as one 
involving a slight rise of temperature, which makes it necessary to 
cool in warm weather, it is clear that he operated with cold solutions. 

Several years ago, in the course of our experiments on the sulphon- 
ation of the chlor- and brom-anilines (Proc., 1892, 8, 400), Mr. Briggs 
and I repeated Bender’s experiments, but we were unsuccessful in 
obtaining the pure nitrogen chloride ; it was always present in the 
product, but together with varying quantities of j?-chloracetanilide. 
However, as it was easy, following Bender’s directions, to convert 
the nitrogen chloride into its isomeride by digesting the crude 
product with concentrated muriatic acid, we adopted the method as 
being the simplest process in preparing large quantities of jp-chlor- 
acetanilide; but we never succeeded in obtaining more than 60 — 70 
per cent, of the amount to be expected. 

Subsequently, at my request, two of my students, Messrs. Gidden 
and Spencer, carried out a series of experiments to discover the con- 
ditions under which Bender’s compound was alone formed j and it was 
ascertained that almost the amount indicated by theory could be 
obtained by operating at an elevated temperature, but otherwise in 
accordance with his directions. 

Five hundred grams of bleaching powder having been well stirred up 
with 3 litres of water, a solution of 300 grams of sodium carbonate in 1 
litr6 water was added, and the liquid was subsequently separated from 
the solid, A solution of 120 grams of acetanilide in 120 grams of 
glacial acetic acid having been poured into 6 litres of boiling water and 
the mixture well stirred, the whole of the clear solution of sodium 
hypochlorite, prepared as described, was at once added to the hot 
liquid, the temperature of which was about 80 — 86®. The solution 
immediately became turbid, and on stirring it well, the suspended 
matter clotted together and sank, leaving a clear, colourless 
liquid. An additional half-litre of hypochlorite solution was added 
to complete the precipitation. When the liquid was cold, the product 
was collected on a calico filter; in appearance, it resembled coarse 
sawdust, but the aggregates consisted of fine needles. 

When the chlorination was effected at temperatures between about 
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0° and 50° in the manner described, the acetanilide being dissolved 
in sufficient glacial acetic acid to keep it in solution on pouring the 
liquid into water, the product was always a mixture of jp-chlor- 
acetanilide with the nitrogen chloride, the proportion of the latter 
being less the lower the temperature. At the time, it was not easy 
to understand why such a paradoxical result was obtained, and 
especially why it was advantageous to operate at a high temperature. 

It should be added also that students who followed Messrs. Gidden 
and Spencer*s directions were not always successful in imitating their 
results. 

Slossen, in a paper published in 1895 {Ber.^ 28, 3265), describes 
the preparation of phenylacetylchloramine and of the analogous 
formyl and benzoyl compounds by means of hypochlorous acid pre- 
pared by saturating an ice-cold 10 per cent, aqueous solution of 
sodium carbonate with chlorine and displacing the excess of the 
latter by a current of air. He succeeded in this way in completely 
converting acetanilide into the nitrogen chloride. Slossen’s observa- 
tions on the bromination of acetanilide are also noteworthy. He 
found that when acetic acid was used as a means of liberating hypo- 
bromous acid, only j^-bromacetanilide was formed, but on using 
carbonic acid in place of acetic acid he was successful in obtaining the 
nitrogen bromide. 

Hecently, Chattaway and Orton have shown that Slossen^ s 
carbonic acid method is universally applicable, although without giving 
him the credit ; and they do little more than mention Bender^s work. 
Moreover, the description they give of the properties of the acetyl- 
nitrogen chloride and analogous compounds is in many respects very 
different from that given by Bender and Slossen ; yet they make no 
reference to the fact that their results do not tally with those of 
previous observers, and in no way seek to justify their own state- 
ments. 

According to Bender, phenylacetylchloramine may be recrystallised 
from very dilute acetic acid. When warmed with absolute alcohol, 
it dissolves, but after a short time the liquid boils violently and 
p-chloracetanilide begins to crystallise out. It may be boiled with 
water without undergoing change. Cold concentrated muriatic acid 
converts it into ^hloracetanilide, the interaction being a violent one. 
But according to Chattaway and Orton, although it dissolves readily 
in dilute acetic acid, long needles of ^-chloracetanilide separate as 
the liquid cools; and in speaking of its preparation by Bender's 
method, they say : “ The slightest excess of acetic acid causes the com- 
plete oonversion of the substance into ^hloracetanilide," whilst in 
their account of the properties of the chloramines generally, they tell 
that: ‘^With alcohol the azdlide is reformed.” “With strong 
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liydrocliloric acid,clilorme is set free and tlie anilide regenerated 

In some cases, however, under the influence of the acid, a portion of 
the compound undergoes an intramolecular transformation similar to 
that which takes place when it is heated.*' 

Ohattaway and Orton's statements are so entirely contrary to my 
own experience as well as to those of Bender and Slossen, that I have 
thought it to be necessary to look further into the matter, especially 
as this was desirable on other grounds. 

Ohattaway and Orton have advocated the view that when anilides 
are chlorinated or brominated, the nitrogen chloride or bromide is 
necessarily an intermediate product, and seem to claim originality for 
this explanation ; they have forgotten to notice that in discussing 
the laws which govern substitution in benzenoid compounds thirteen 
years ago, I put forward this view, not only with reference to Bender's 
compound, but also in explanation of the production of ortho-, and 
para-compounds generally, and that I have since often referred to it. 
In the synopsis of the discussion on laws of substitution which took 
place at the meeting of the British Institution at Dover in September 
last, which is printed in the report (pp. 683 — 687) after specifically 
referring to the conversion of phenylacetylchloramine into jt?-chlor- 
acetanilide, I said : Moreover, bearing in mind the extreme readi- 
ness with which change takes place, for example, in the case of the 
formation of j?-chloraeetanilide from the compound PhlTAcOl, or of 
sulphanilic from phenylsulphamic acid, it is difficult to believe that 
the formation of the one compound is not a ^necessary stage in the 
formation of the other : the readiness with which the substituted 
benzenoid compound is obtained is so great, that ib is to be expected 
that both compounds would be formed together if they were indepen- 
dent products of the action of a single agent — ^just as, in fact, often 
happens in the case of para- and ortho-compounds." ‘^It is very 
difficult to form any precise conception of the manner in which such 
‘isomeric changes' are brought about. Something more than a 
mere interchange of position of the radicles is involved in them : 
some agent intervenes; but the operation of the agent is easily over- 
looked, as only a minute quantity suffices in many eases, the action 
being * fermentative ' in character." 

It was from this point of view, in the hope of discovering the cata- 
lyst by which the change is conditioned, that it appeared desirable to 
re-examine Bender's compound. I am much indebted to Messrs. 
P. Y. Dupr4 and E. J. Pairhall for the assistance they have rendered 
me in the experiments. 

From the outset, it was probable that hydrogen chloride was the 



1050 


AitHs-rnoKa : 


active catalyst ; and there is little doubt that this is the case ; it is 
at least certain that the compound is stable so long as the conditions 
are sucb as to preclude the presence of hydrogen chloride. 

When prepared by Slossen^s method, being produced practically in 
an alkaline medium, the crude product is alkaline, and it may be puri- 
fied without difficulty by recrystallisation from a neutral solvent. 

The carefully purified dry substance may be preserved in the dark 
for months unchanged. It may be recrystallised from acetic acid of 
any strength. ' When dissolved in alcohol, sooner or later, it usually 
undergoes isomeric change spontaneously, but it may be recrystal- 
lised from hot alcohol in the presence of a little acid sodium carbonate, 
or finely divided calcium carbonate ; in fact, this appears to be by far 
the simplest method of ejecting its purification. Yet, if a drop of 
muriatic acid be added to the warm alcoholic solution, the temperature 
at once begins to rise and the chloride is converted into j>cbloracet- 
anilide ; the same change takes place when it is added to ordinary 
muriatic acid. In both cases, the action is very violent, if the quan- 
tity dealt with be at all considerable. 

The properties of phenylacetylbromamine appear to be very similar 
to those of the chloride ; but it is far more sensitive to change. 
When it undergoes conversion into p-bromacetanilide in alcoholic 
solution, perhaps a small portion suffers reduction, but I am not 
satisfied that a sufficiently purified substance has been dealt with 
to decide this point. 

p-Chlorophenylacetylehloraminej although reduced by concentrated 
muriatic acid in the manner indicated by Ghattaway and Orton, 
appeals to be to a large extent converted into dichloracetanilide 
when dissolved either in alcohol or in acetic acid and subjected to 
the action of a minute proportion of hydrogen chloride. It may be 
boiled with alkaline water without undergoing change, but if the 
liquid be then rendered faintly acid by adding muriatic acid and again 
heated, the isomeric change at once takes place. 

The behaviour of dichlorophenylacetylchloramine is in accordance 
with Ohattaway and Orton's statements, this compound being re- 
duced both by alcohol and by muriatic acid without undergoing 
isomeric change. 


The recognition of hydrogen chloride as being the catalytic 
, ^|gSi|||,wMch determines the isomeric change of the nitrogen chloride 
> as defining the conditions under which compounds 
coi^iideration must be prepared, and as affording an 
^ the social value of carbonic acid as the means of Uber- 

Qidden and Spencer above re- 
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f eired to, in which the complete conversion into nitrogen chloride was 
secured by operating at an elevated temperature, the amount of acetic 
acid used was relatively small in comparison with the amount of 
sodium carbonate, so that probably the chlorination was effected in the 
presence of acid carbonate ; but in the unsuccessful experiments at 
lower temperatures, a relatively larger proportion of acetic acid was 
used, in order to maintain the acetanilide in solution j consequently, 
acetic acid was present in excess, and doubtless led to the liberation of 
sufficient hydrogen chloride to induce isomeric change. 

Chattaway and Orton speak of phenylacetylchloramine as being 

very easily and rapidly prepared by the action of bleaching powder 
on acetanilide suspended in excess of potassium bicarbonate solution/' 
According to my experience, whatever excess of hypochlorite be 
taken, and however long the stirring be continued, the chlorination is 
almost always imperfect, and eventually at most 60 — 70 per cent, of 
p-chloracetanilide has been obtained. The difficulty is entirely got 
over by heating, and apparently the operation may be carried out on 
any scale. T’or example, a kilogram of acetanilide may be completely 
chlorinated within a few minutes in an ordinary housemaid's enamelled 
iron pail mounted on a gas burner and provided with an efficient 
stirrer. It is desirable to use both hypochlorite and acid carbonate in 
considerable excess j the acetanilide is quickly added to the concen- 
trated solution containing these, and after vigorously stirring for a 
short time the temperature is raised to 50 — 60°. 

In attempting to explain the manner in which the isomeric change 
is effected, it appears legitimate to assume that it is dependent on the 
combination of the chloramine with hydrogen chloride. A condition 
of extreme instability is thus engendered, and probably the first con- 
sequent change is one in which an atom of chlorine attached to the 
nitrogen atom escapes from the molecule together with an atom of 
hydrogen from the nucleus j a chlorine atom then slips into the nudeus 
in place of the latter, whilst the atom of hydrogen introduced in 
the molecule of hydrogen chloride takes the place of the chlorine atom 
of the chloramine, the ortho- or para-derivative being formed accord- 
ing to the conditions prevailing at the moment of change. 

In justification of the view that -hydrogen is withdrawn from the 
nucleus, attention may be directed to E. Fischer's observation that 
active aminoglutaric acid is racemised on benzoylation {Ber.j 1899, 
32, 2464). This would seem to show that the chlorine of the benzoyl 
chloride is not removed in conjunction with aminic hydrogen, but in 
conjunction with the hydrogen atom associated with the carbon atom 
to which the NHg group is attached ; opportunity being thus given to 
the nitrogen atom to become united momentarily by two affinities to 
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the carbon atom, the formation of the two benzoyl derivatives of oppo^ 
site activity becomes possible. 

I have elsewhere (B.A. Report, 1899, p. 685) contended, in the 
case of the snlphamic acid formed on sulphonating acetanilide, that 
when the isomeric change occurs, the ortho-acid is formed from the 
sulphamic acid if the sulpho-group be, as it were, let down genJdy ; 
otherwise, the para-acid is produced.* 

This, perhaps, is true generally : in other words, it is only when the 
chlorine is let down gently ” from the chloramine that it enters 
into the ortho-position. 

If we seek to form a picture of the manner in which the equilibrium 
becomes disturbed, it may be supposed that when the change takes 
place and an atom of hydrogen becomes separated from the ortho- 
position in the nucleus, the centric mechanism ” momentarily breaks 
down and that in consequence the molecule either lapses or is on the 
point of lapsing into the ethenoid condition. At such a moment, 
hydrogen chloride might act in one of two ways, and either a chlor- 
ine atom might be introduced into the ortho -position, or a hydrogen 
atom might be restored to this position ; in the latter case, two atoms 
of chlorine would be momentarily associated with the nitrogen, and 
would either escape as chlorine, or one might combine with a para-atoin 
of hydrogen whilst another atom of chlorine took the place of the 
hydrogen atom thus removed. The three modes in which the chlor- 
amines undergo change are thus provided for. It is obvions that 
the character of the change might depend on the mass of hydrogen 
chloride present, and that it might also be aflEected by the solvents 

Any alteration in Ihe nucleus which, diminishes the * basic * proper- 
1»es of the nitrogen atom would necessarily exercise an influence in 
retarding the isomeric change, and alterations in the composition of 
the nucleus would also affect its stability and sensitiveness to change. 
It is therefore easy to understand that the behaviour of the various 
chloramines should be different. 

Important information as to the manner in which the isomeric 


* It may he here pointed out that the acetyl group exercises an important influence 
on the occurrence of this isomeric change. It is doubtful whether phenylsulphamic 
acid can be converted into the o-sulphonie acid ; to convert it into p-snlphonie 
acid, it is necessary to heat it at about 180®. If, however, it be acetylated by 
merely heating it with acetic anhydride at 100% and the product be poured into 
^ater and the solution boiled, sulphanilic acid is at once obtained. In the case of 
Bamberger^a experiments, in which a solution of phenylsulphamic acid in acetic 
, seid few drops of sulphuric acid was kept for some time at 0®, it is 

’ ition preceded the formation of o-sulphonic acid. It will be 
i sttidy of different radicles on the occurrence of this 
I Irive ohtrined^l^ from acetanilide, I 
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change occurs will probably be obtained by determining the velocity 
with which change is effected under various conditions. It is 
proposed to undertake such experiments with chloramines when cool 
and dull weather sets in. 

The chloramines are an inviting subject of study for other reasons — 
and especially on account of their stability under some conditions and 
their instability under others. We are too much in the habit of re- 
garding compounds as intrinsically unstable which probably are of 
a comparatively high order of stability in the absence of catalysts 
capable of determining their alteration; and the disregard of this 
circumstance has led to the assumption that isodynamic changes 
especially are the outcome of a state of intramolecular wobble. An 
increasing body of evidence tends to show that in the cases in contem- 
plation, the process of change is of a complex character and largely 
extramolecular— in that it involves the co-operation of several distinct 
molecules and their units in a conducting system. 

Chemical Bepahtmbnt, 

Centeal Technical College, 

Exhibition KoADi S.W. 


XCIV . — Derivatives of Cyanocamphor and of Homo- 
camphoric Acid. 

By Arthue Lapworth. 

It is now generally agreed that camphor must contain the complex 
00 ^ ^ divergence of opinion still exists with regard 

to the position of the last carbon atom making up the second ring. 
The recent work of Noyes and of Blanc on isolauronolic acid appears to 

have resulted in the establishment of the formula 9^^^ > 

CHa-CHg-d-COaH 

for this substance, and would lead, in the absence of other data, to the 
belief that camphoric acid is a derivative of succinic acid, and that 
camphor itself contains a tetramethylene ring. Whilst it must be 
admitted that such an assumption serves to explain the whole be- 
haviour of isolauronolic acid, it is easy to cite facts which are not in 
accordance with this view. In fact, no matter what formula for 
camphor may be chosen, it becomes necessary to assume that obscure 
changes pf structure occur on certain occasions. Whilst, therefore, 
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the Perkin-Bouveault formula offers a ready explanation of just those 
facts which do not appear to be in accordance with the Bredt formula, 
B,nd vice versd, it may be asserted that the true formula for camphor 
is still unknown. 

The possibility of attacking the problem in an entirely new manner 
appeared during the study of camphononic acid (Lapworth and Chap- 
man, Trans., 1899, 75, 989). This acid is a y-ketonic acid containing 
the above complex, and, as was pointed out at the time, probably con- 
tains the group >00 in the place of the >CH* COgH group of cam^oric 
acid, so that, if tins point could be definitely established, the inade- 
quacy of any “ succinic formula for camphoric acid would be clearly 
demonstrated- 

One possible method of obtaining a solution of the problem was to 
prepare from camphor a compound containing the a-carbon atom 
united to the second nucleus by an ethylenic linking in this manner, 

{ \ CO, 

^ 1 / 

“'CMe 


as oxidation of this substance would probably afford the evidence 
required. It is well known, however, that the a-halogenated deriva- 
tives of camphor do not yield a compound of this type on treatment 
with bases. It was thought probable that this was on account of the 
strain which would result in a molecule so constituted, and experi- 
ments were therefore made with the object of preparing from camphor 
a derivative, corresponding with a-bromocamphor, but in which the 
brominated atom no longer formed part of a closed chain. The present 
paper contains an account of observations made during the attempt 
to obtain this preliminary compound. 

It was thought that a derivative of homocamphoric acid, 

would probably be the most easily obtained as 


well as the most readily dealt with. Homocamphoric acid is obtained 
by hydrolysing a-eyanocamphor, which, being a /?-ketonitrile, breaks 
down under the influence of alkali, in the same manner as th^ analo- 
gous j8-ketonic acids, between the a- and ^-carbon atoms, 
simultaneous hydrolysis in accordance with the following scheme ; 


CgK 








Kahcj, 1879, 29). Much difficulty was at first 
i in eyanocam in sufficiently large quantity, 

0 ^ by a: mbdl&^tiou oi Bishop, Claisen, 

namely, by the 
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ction of excess of hydroxylamine on hydroxymethylenecamphor. 
laving obtained cyanocamphor, the action of alkalis on its chloro- 
nd bromo-derivatives was examined, as it was expected that these 
rould undergo hydrolysis in the same manner as cyanocamphor, 
.Wording chloro- or bromo-homocamphoric acid, thus, 


^CBr‘CN 


.CHBr-CO,H 


>r at least the corresponding hydroxy -acid. It was found, however, that 
he hrst action was apparently the replacement of bromine by hydrogen, 
io that cyanocamphor is regenerated ; this affords another example of 
he tendency of aa -di-derivatives of camphor to undergo reduction 
mder the influence of alkali. A further product was a crystalline 
mid substance having the formula probably the half-amide 

>f homocamphoric acid, produced by hydrolysis, either preceding or 
■ollowing the reduction of the bromo-derivative. Experiments on the 
mtion of bromine on the nitrile of homocamphoric acid, 

soon showed that no useful object was likely to be 

served by pursuing the inquiry in that direction. Finally, the behaviour 
3f homocamphoric acid itself towards bromine was examined, but 
without any important result until the bromination was carried out in 
the manner detailed in the paper (p. 1063) ; even then, nothing crystal- 
line could be isolated until nearly anhydrous formic acid was used as a 
solvent. Under these conditions, however, the monobromo-acid was 
finally obtained in a pure condition. 

a-Bromohomocamphoric acid behaves like homocamphoric acid itself, 
inasmuch as it exhibits no tendency to lose water and form an an- 
hydride. It is somewhat readily soluble in benzene or chloroform, and 
in this respect differs from all the related acids, namely, camphoric, <a- 
and ’ff-bromocamphoric, <t)7r-dibromocamphoric, and homocamphoric acid 
itself, which are all nearly, or quite, insoluble in these liquids. 

Bromohomocamphoric acid does not yield an unsaturated acid on 
treatment with excess of alkali, but is converted into a salt of the 
corresponding hydroxy-acid. The latter does not exist in the free 

state, but changes to the lactonic acid, Cam- 


phanic acid is the name used for the corresponding derivative of cam- 
phoric acid, so that this substance may appropriately be termed homo- 
camphanic acid. 

The behaviour of the diethyl ester of a-bromohomocamphoric acid 
towards organic bases was then investigated, and it was found that the 
action as a rule consisted for the most part in elimination of ethyl 
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bromide from the molecule, and formation of the ethyl ester of homo- 
camphanic acid, in accordance with the scheme 

OsHuCgJJt + EtBr. 

On some occasions, a very small quantity of the ester of a highly in- 
soluble dibasic acid, resembling homocamphoric acid, appeared to be 
produced, but much difficulty was experienced in increasing the yield 
of this substance. It was at last found, however, that by heating the 
bromo-ester with quinoline for a short time at 210'^, and subjecting the 
product to treatment with strong alcoholic potash, a fairly good yield 
could be obtained. 

The new acid, thus produced, appears to be dehydrohomocamphoric 
acid, CJgHj 3 ^QQ ^ ^ , It readily absorbs bromine, becoming quite 

altered in properties, although no crystalline brominated products have 
as yet been isolated. Its solution in dilute sodium carbonate does not 
at once decolorise ice-cold potassium permanganate, but this is not the 
first unsaturated acid which has been found to behave in this manner. 
The potassium permanganate does attack the acid, however, and in 
the course of 24 hours or less, Httle or no dehydrohomocamphoric acid 
can be detected in the liquid. 

The products obtained by oxidising dehydrohomocamphoric acid in 
this way were carefully examined, and, as was anticipated, oxalic, 
camphoronic, and camphononic acids were the principal constituents. 
Camphononic acid itself was isolated by distilling some of the portion 
extracted with ether, and in order to make certain that the camphononic 
acid had not been formed during the heating, a second portion of the 
product was warmed with a little p-bromophenylhydrazine acetate, 
and a third with excess of a strongly alkaline hydroxylamine solu- 
tion. In the former instance, nearly pure camphononic acid j?-bromo- 
phenylhydrazone was deposited, and from the latter experiment the 
unmistakable oxime of camphononic acid was obtained in amount 
sufficient for complete examination and analysis. 

It is thus certain that dehydrohomocamphoric acid, on oxidation with 
cold dilute potassium permanganate, affiords, for the most part, oxalic 
acid and camphononic acid, together with camphoronic acid, probably 
arising by further oxidation of the latter. Since camphononic acid is 
obtained by heating an open-chain tricarboxylic acid (Lapworth and 
Chapman, Trans,, 1899, 75, 989) and yields camphoronic acid on oxida- 
tion, it can only be represented by one of the following formulae ; 


CHg-OO 

1 

CHg*OMe>OOaH 


osr<P 

I 

CMej-CMe-COgH 
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It follows, therefore, that dehydrohomocamphorio acid must have 
the structure 

CHj-C.'CH-OOgH CHg— (Ji.-OH-COaH 

I OMej or I CH^ 

CHg-CMe-COaH CMe^-CMe-OOgH 

homocamphoric acid being the corresponding saturated acid, namely : 

OHg-CH-CHg-COaH CHg-CH-CHg-OO^H 

I CMcg or j CHg 

CHa-CMe-COgH CMeg-CMe-COgH 

ITow, taking into consideration the manner in which homocamphoric 
acid is obtained from camphor (Haller, loo, cit,), as well as the circum- 
stance that camphor is readily obtained by distilling the barium salt of 
this acid, it would appear to follow, of necessity, that camphor must be 
represented by one of the two formuise, 

CHg-GH— CHg CH^H— CHg 

I (pMej j or I CH^ I 

CHa-CMe-CO OMca-CMe-OO 

which are those suggested by Bredt and Perkin respectively. It is 
quite clear that here, as in so many other cases, the Perkin-Bouveault' 
formula offers no simple explanation of the facts. 

There is, however, no longer anything which can reasonably be urged 
in favour of Perkin's formula, more especially as the reasons which led 
to its suggestion were based on a misapprehension of the true nature 
of dihydroisolauronic acid. It would appear, therefore, that the evi- 
dence, already so strong, in favour of Bredt 's formula, is now almost 
overwhelming, in spite of the difficulty which is met with in explaining 
by means of it the formation of isolauronolic acid and the properties 
of hydroxydihydrolauronolic acid. 

In view of the establishment of the formula of isolauronolic acid by 
Hoyes on the one hand 1900,33, 54), and by Blanc on the 

other (Gompt, 840), the most simple view of the 

matter which can be taken, in the author's opinion, is that in the 
foimation of campholy tic and isolauronolic acids from camphoric acid, 
isomeric change takes place resulting in a new arrangement of the 
molecule, as follows : 

OHg-CMe^GOaH GHg-GMeg 

I OMe^ I .. GMe + + CO, . 

CH,-OH-CO,H OH,-C-CO,H 

Such a change is not more astonishing than that of isolauronolic 
acid into hexahydroxylic acid when allowed to remain with aluminium 

VOL. LXXVir. A. n 
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chloride in chloroform solution (Lees and Perkin, Proo., 1900, 16, 

20 ), 

OH2-(f!Me2 9Me-9H2 

I OMe — CHa (pHMe , 

CHa'C-OPaH iHa-CH-COaH 

or of dihydroisolauroBic acid into jCT-xylic acid when warmed with 
sulphuric acid (Perkin, Trans., 1898, 78, 849); 

Expeeimental. 

At the commencement of the present work, the various methods 
which have been used for preparing cyanocamphor were investigated 
as the substance was required in considerable quantities. The methods 
originally used by Haller Nancy, 1879, and Com'pt.Tend.^ 

1878, 87, 843) were based on the action of gaseous cyanogen or 
cyanogen halides on the sodium derivative of camphor, prepared by 
dissolving sodium in a solution of camphor in boiling toluene, and 
were found to afford cyanocamphor without much difficulty, but were 
inconvenient on account of the objectionable nature of the gaseous 
cyanogen compounds. A later method was that employed by Bishop, 
Claisen, and Sinclair {Annalen, 1894, 281, 351), who found that when 
the oxime of camphoraldehyde, obtained by the action of hydroxyl- 
amine on hydroxymethylenecamphor, is treated with a relatively small 
quantity of alkali, a certain amount of the sodium derivative of cyano- 
camphor is formed, and this, on distillation with steam, breaks up into 
cyanocamphor, which passes over, and sodium hydroxide, which 
reacts with more of the oxime, the cycle being repeated until about 40 
per cent, of the theoretical amount of cyanocamphor is obtained. On 
examination of this method, it was not found possible to obtain the 
yield which these workers state is produced, and a number of experi- 
ments were therefore made in order to ascertain whether it might not 
be materially augmented, and the length of time occupied by the 
operation diminished. It was finally found that, under the following 
conditions, a nearly quantitative yield of cyanocamphor may be ob- 
tained with the greatest ease and in a very short space of time. 

Hydroxymethylenecamphor (1 mol.) is covered with a solution of 
sodium hydroxide {2J mols.) in about twice its weight in water, and 
the whole warmed on the water-bath until a homogeneous liquid is 
obtained. To the cold solution is then added, in one operation, a solu- 
tion of hydroxylamine hydrochloride (IJ mols.) in the smallest pos- 
mble quantity of cold water. A certain amount of a yellowish oil is 

K eipitated, but this dissolves on shaking. The whole is then 
the water-bath, under a reflux condenser, which must be 
being removed with the flask at any moment. As the 
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temperature rises, a sudden and violent reaction occurs, and tlie whole 
liquid boils vigorously ; the flask is instantly removed from the water- 
bath, and cooled as rapidly as possible in a stream of water. It is 
then seen that conglomerates of a solid material have separated ; the 
flask is once more heated on the water-bath for about 5 minutes to 
complete the reaction, and, on cooling, the product, which consists 
of nearly pure eyanocamphor, is separated by filtration, dried, and 
purified by crystallisation from benzene. It was found to be inad- 
visable to distil in steam before separating the alkaline mother 
liquor, as the “yield was materially diminished, and a considerable 
quantity of an oily material of an unknown nature remained in the 
distilling flask. 

One or two observations regarding the crystallographic character of 
eyanocamphor appear worthy of record. When the substance is dis- 
tilled with steam, it separates from the distillate in minute plates 
which are clearly hemimorphic in character, a property which does 
not hitherto appear to have been attributed to eyanocamphor. The 
plates are almost invariably pointed at one end, and at the other are 
terminated by an edge which is at right angles to the length of the 
ci'ystal } this is not due to fracture, as under a high power the small 
faces making the edge are clearly distinguishable. 

Oyanocamphor is also dimorphous. When melted between slips of 
glass, it solidifies to a transparent mass intersected by cracks which 
are arranged at right angles to one another ; this modification is 
cubic. As the temperature falls, a doubly-refracting modification, 
identical in crystallographic character with the Ordinary form of the 
substance, suddenly makes its appearance at the edge of the material, 
and quickly spreads until the whole mass has been involved in the 
change. 

.coi-oisr 

ChlorocyanoQom^hor, 

This substance is prepared by dissolving eyanocamphor in a little 
strong sodium hydroxide solution, diluting to a large bulk, and slowly 
adding to the ice-cold liquid a solution of sodium hypochlorite. A 
copious, white precipitate results, and the addition of hypochlorite is 
continued until no further separation occurs, The insoluble material 
is collected on a filter, washed with water, dried, and crystallised from 
a mixture of benzene and petroleum. On analysis : 

0*2421 gave 0-1665 AgCl. 01*17-0. 

O;^iHj^Ol!701 requires Cl ==16* 7 per cent. 

Chlorocyanocamphor is insoluble in water and nearly so in light 
petroleum, but dissolves fairly readily in most of the other common 

4 C 2 
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media. It crystallises from benzene in small, flat needles or prisms, 
according to the speed of separation, and on spontaneous evaporation 
of its solution in dilute alcohol is deposited in beautiful prisms closely 
resembling those of a-dibromocamphor. It melts at 98 — 100° 

The compound is insoluble in hot dilute alkalis or in cold strong 
alkali ; it is attacked by boiling strong alkali, however, and the pro- 
duct obtained is described later in the paper. It is slowly altered 
when left in contact with alcohol for some weeks, the odour of hydrogen 
cyanide becoming perceptible. 

Crushed fragments of the substance, when examined in convergent 
polarised light, frequently show biaxial interference figures of wide 
axial angle; some of these show negative, and others positive, double 
refraction, being otherwise indistinguishable, so that the axial angle 
would appear to be nearly 90° 

When melted between slips of glass, the substance sets on cooling 
to a solid isotropic modification closely resembling that of cyanocam- 
phor ; as the temperature falls, a second modification, probably of 
rhombic symmetry, appears, replacing the cubic form. When the 
material is now examined in convergent polarised light, a biaxial 
figure of wide angle is seen here and there, and the bisectrix of the 
figure, which emerges normal to the field, is probably the obtuse ; the 
double refraction exhibited is always positive. 


Bromocyanocamplior^ 

This substance was first obtained by Haller {DisBertation, Halicy, 
1879), who prepared it by adding bromine to a solution of cyanocam- 
phor in carbon disulphide. It is more easily made, however, by a 
method similar to that above described for the preparation of the cor- 
responding chloro-derivative, namely, by adding a solution of sodium 
hypobromite to a dilute solution of cyanocamphor in sodium hydroxide. 
It was crystallised from benzene, dried in a vacuum, and analysed. 

0T254 gave 0*0929 AgBr. Br=:3r6. 

OjjHi^ONBr requires Br = 31*2 per cent. 

Bromocyanocamphor closely resembles the corresponding chloro- 
derivative in crystalline character and general properties ; thus, it is 
indistinguishable from it in appearance, general solubility, and mode 
of crystallisation. like both cyanocamphor and its chloro-derivative, 
it exhibits dimorphism. It melts, as stated by Haller, at 74 — 75° 
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Hydrolysis of Ghloro- and Bromo-cyanocamphor, 

Experiments were made with the object of replacing the halogen in 
the substituted cyanocamphors by means of the hydroxyl group, and 
for this purpose the substances were heated in alcoholic solution with 
moist silver acetate and oxide, and with lead hydroxide, but in no case 
was it found that any large proportion of halogen was removed. On 
boiling the compounds with dilute alcoholic potash for some hours, a 
considerable quantity of potassium bromide was formed, and on eva- 
porating the filtrate until free from alcohol, rendering nearly neutral 
with acetic acid, and distilling with steam, a certain amount of 
cyanocamphor was obtained. On acidifying the residue in the distil- 
ling flask, a precipitate of homocamphoric acid was obtained, and a 
distinct odour of hydrocyanic acid became noticeable \ the presence 
of the last-mentioned substance was easily shown by the usual tests. 

When the halogen derivatives are heated with a strong aqueous 
solution of caustic soda (40 per cent.), rapid, and even violent, action 
occurs, and nearly the whole of the material passes into solution. On 
diluting the liquid and adding acid, no cyanocamphor was liberated, 
but a copious deposition of a semi-solid material occurred. The sub- 
stance was extracted with ether, and the ethereal solution washed with 
water, dried over calcium chloride, and evaporated to dryness. The 
residue, which gradually solidified, was purified by repeated dissolution 
in alcohol and precipitation with water, and was finally crystallised 
from methyl alcohol. 

A specimen purified in this manner was dried at 100® and analysed. 

0*2559 gave 0*5789 CO 2 and 0*2070 HgO. 0 = 61*7 ; H = 9*0.. 

0*3941 „ 22*8 c.c. moist nitrogen at 18® and 755 mm. IT = 6*3. 

CjiH^gOglT requires 0 = 62*0 ; H = 8*9 ; N = 6*6 per cent. 

The substance dissolves sparingly in chloroform, benzene, or light 
petroleum, but is more soluble in ether, and still more so in ethyl 
acetate or water* It dissolves fairly readily in alcohol, and separates 
from the hot alcoholic solution, on addition of water, in the form of 
very small, well-defined needles, whilst it crystallises from hot alcohol 
in large prisms. When slowly heated in a capillary tube, it becomes 
opaque at about 130°, and finally melts and decomposes at about 
209—210®. 

The properties and composition of this substance indicate that it 
is identical with a-homocamphoramic acid, first obtained by Minguin 
{Ann. Ghim. Phys.j 1893, [vi], 30, 512), and therefore has the con- 
stitution so that the action by which it is 

formed consists in reduction as well as hydrolysis of the halogen deriva- 
tive, and is similar to that which takes place when a-dibromocamphor 
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and other a-halogen substituted camphors are heated with alkalis, 
leading to the substitution of hydrogen for an atom of halogen. It 
would appear probable, therefore, that cyanocamphor is the substance 
first produced, and that this is subsequently hydrolysed. 


HomocamphoHo Acid^ OOgH-CgHj^'CHg'COgH. 


The most convenient method of preparing this acid, which was first 
obtained by Haller by the hydrolysis of cyanocamphor {Dissertation, 
Haney, 1879, 29), was found to be the following : cyanocamphor 
(20 grams) was placed in a fiask and covered with a solution of 
potassium hydroxide (40 grams) in water (120 c.c.), the whole being 
heated on a water-bath during about 40 hours. The acid obtained by 
diluting and acidifying the resulting solution weighed, in the crude 
state, about 16 grams. 

The methods of purifying homocamphoric acid which have hitherto 
been employed appear to be unsatisfactory, as the substance ex- 
hibits little tendency to separate in well-defined crystals from any 
of the usual media, and apparently has always been obtained in a 
microcrystalline form, except by slow sublimation. As it was very 
important for the purposes of this investigation to work with pure 
acid, and to be able to identify it easily and with certainty, the sub- 
stance was submitted to a close examination from these points of view. 
It was finally ascertained that,- of all the available solvents, nitro- 
benzene was the most satisfactory. Homocamphoric acid dissolves 
slowly, but in considerable amount, in boiling nitrobenzene, and 
separates fairly completely from the solution on cooling, in the form 
of beautiful, white, glistening needles, which may be separated by 
filtration, washed with chloroform, and the process repeated until a 
satisfactory degree of purity has been attained. As a rule, after a 
second crystallisation, the substance melts at the correct temperature, 
namely, 234°, which is the melting point given by Bredt {Annaien, 
1895, 289, 4). 


Homocamphoric acid is readily identified, even when somewhat 
impure, by its crystallographic properties. When melted between 
slips of glass, it solidifies rapidly to masses of well-formed, flattened 
crystals which show aggregate polarisation; the axial figures observed, 
when the mass is examined in convergent polarised light, are usually 
those eha»racteristic of Sections parallel to the axial plane; here and 
tfepe^ however, what appears to be the optic axis of a uniaxial crystal 


butJ seldoi^ never, normally to tbe field ; it is possible 
Ss in reality that of a biaxial substance with 
more probable that the crystals 
';;l!he. ■-.’dnnhie'' Refraction ■ is , positive , 
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and strong. The crystals obtained from nitrobenzene show straight 
extinction, and are probably crystallographically identical with those 
obtained by cooling the fused substance. 

A considerable number of derivatives of homocamphoric acid were 
prepared and examined, with the special object of ascertaining which 
were the most suitable for use in identifying the acid, and a descrip- 
tion of the anilide is given, as it is highly characteristic and very 
easily prepared. 

.QTT , PO'^NTTPll 

nomocamphoric Dianilide, -liTHPh 

This substance, which was obtained by Haller {Gompt. rend., 1895, 
120, 1327) by the action of phenylcarbimide on homocamphoric acid, 
is readily prepared by pouring the crude product obtained by heating 
homocamphoric acid with phosphorus pentachloride into excess of 
aniline dissolved in chloroform, the product being worked up by 
shaking out the excess of aniline with dilute hydrochloric acid, evapo- 
rating the chloroform to dryness, and crystallising the residue from 
acetone. The product thus obtained was dried at 100° and analysed. 

0*1701 gave 0*4721 COg and 0*1209 HgO. 0-75*7 ^ H-7*7. 
^ 23 ^ 28 ^ 2^2 i^equires 0 - 75*8 ; H - 7*7 per cent. 

The substance is somewhat readily soluble in chloroform, and dis- 
solves easily in hot acetone, from which it separates on cooling in 
beautiful, glistening needles melting sharply at 220 — 221° (Haller 
gives 222— 223°). 

The substance is insoluble in water or alkalis, and, like many of the 
anilides of dicarboxylic acid, is very stable towards alcoholic potash, 
although prolonged treatment with very strong potash results in the 
formation of the half-anilide (Haller, dt.) melting at 203°» 

When melted on a microscope slide beneath a cover-glass, it slowly 
solidifies in curious, circular aggregatesof small crystals ; the crystal- 
lisation is greatly retarded by cooling, and at the ordinary temperature 
is imperceptible ; on warming the slide, however, the solidification 
recommences. 

Bromination OF Homocamphoeio Aori).^ 

Homocamphoric acid is not appreciably affected by bromine, either 
in the dry or moist state, below about 140°; at this temperature, 

* At the time that the following descriptions of a-bromohomocamphoric acid and 
homocamphanic acid were submitted to the Society, the author was not aware that 
these substances had already been prepared by Rochussen and described in his 
dissertation (Bonn, 1897). The author has not yet seen this paper, and is indebted 
to Professor JIaller for the information that it is in existence, 
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however, it is somewhat rapidly attacked, and on opening the tubes 
in which the action has taken place, much pressure is manifested. If 
dry materials are used, the contents swell up, forming a white, spongy 
mass, and usually choke up the capillary tube, so that it was found 
necessary to immerse the point in water and allow the hydrogen 
bromide to dissolve. On examining the contents of the tubes, a large 
proportion was found to be soluble in chloroform, and therefore was 
not homocamphoric acid ; after boiling the material deposited . from 
the chloroform solution with water, however, it lost this property, and 
was for the most part reconverted into homocamphoric acid. 

Experiments were then made, using Yolhard's method of bromiua- 
tion, amorphous phosphorus being employed, but again without 
effecting anything like complete bromination. When phosphorus 
pentabromide was used, it was found that very little homocamphoric 
acid was left unaltered, but it invariably happened that, if excess of 
bromine were used, more than one atomic proportion of bromine 
entered the molecule, as was ascertained by pouring the product into 
absolute alcohol and, after fractionation, analysing the esters produced. 

Attempts were next made to eliminate hydrogen bromide from the 
mixture of bromo-esters with alcoholic potash ; it was usually found 
that the greater portion of the product was insoluble in water, indi- 
cating that profound changes had been effected during the treatment. 
On one occasion, the product of bromination was poured into absolute 
alcohol, the ethyl ester separated, dried, and heated at 180- — 185° with 
diethylaniline ; hydrogen bromide was eliminated in considerable 
quantities, and the greater portion of the product decomposed on dis- 
tillation, but a fraction boiling at 140 — 150° under 20 mm. pressure 
was obtained ; the distillate was then boiled with alcoholic potash for 
6 hours, and the resulting potassium salts examined. On separating 
from neutral substances, and acidifying the clear aqueous solution, a 
bulky, white precipitate was produced. This was separated by filtra- 
tion, dried, and crystallised from dilute acetic acid. On analysis : 

0*2334 gave 0*6128 CO^ and 0*2030 H^O. 0 = 71*5 ; H = 9*6. 

OiQHjgOg requires 0 = 71 *4; H = 9‘6 per cent. 


The substance obtained in this way is very sparingly soluble in 
water, hut dissolves fairly readily in most of the usual organic media 
with the exception of light petroleum. It volatilises readily in steam, 
to which it imparts a somewhat disagreeable, camphor-like odour, and 
from the distillate in beautiful, colourless needles. These, 
obtained from dilute acetic acid, melt at 146°, 
:S^tly at this temperature. 

|i<|; is mot an add, as it does not dissolve either in 

or in cold caustic alkalis. 
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When warmed with strong aqueous potash, however, it slowly dis- 
solves and is not precipitated on diluting the solution with water, but 
on adding an acid to the dilute solution, a precipitate of unaltered 
substance is at once produced. These properties are those of a 
lactone, and from its composition the substance would appear to be 
produced by elimination of hydrogen bromide and carbon dioxide from 
a monobromohomocamphoric acid. It is not identical, however, with 
either Haller’s or Eorster’s campholide. 

The solution obtained by dissolving the lactone in alkali and 
neutralising with carbon dioxide at once destroys the colour of dilute, 
ice-cold potassium permanganate ; unfortunately, owing to the very 
small quantity of the lactone available, the oxidation products could 
not be isolated. 

QrMomhromohoTmcamphoriG acid^ OHBr'COgH. , 

After many failures to prepare the monobrominated acid by the 
foregoing methods, it was obtained by brominating a mixture of the 
dichloride of homocamphoric acid and phosphorus oxychloride in 
the following manner. Homocamphoric acid (10 grams), purified by 
crystallisation from nitrobenzene and dried at a temperature of 150°, 
was placed in a round-bottomed flask with a long neck, and gradually 
mixed with phosphorus pentachloride (20 grams), the whole, being 
afterwards heated on the water-bath for about an hour. After cooling 
the flask, dry bromine (3*6 c.c.) was added and the whole heated very 
slowly for about 6 hours, the temperature being raised gradually to 
100° j a further quantity of bromine (1 c.c.) was then added and the 
heating continued for 1 hour more. The oily product, mixed with 
powdered ice, was left for 2 days, when it presented the appearance of 
a semi-solid, gum-like mass which could not be obtained in a crystalline 
form by the use of the ordinary solvents ; when ground up with 
nearly anhydrous formic acid, however, a slow separation of crystalline 
matter took place* This was collected, drained on porous earthenware, 
dried in a vacuum desiccator, and crystallised by dissolving it in a 
little benzene and adding light petroleum until a slight turbidity 
ensued. After two or three such crystallisations, the substance was 
practically pure* A specimen prepared in this manner was dried at 
100° and analysed. . • 

01702 gave 0*2832 COg and 0*0874 HgO. C==45*4 ; H = 5*7. 
0*2637 „ 01678 AgBr. Br = 27l. 

Ci^Hii^O^Br requires C«45*l ; H — 5*9 ; Brsa27*3 per cent. 

Bromohomocamphoric acid is very sparingly soluble in water or 
light petroleum, but dissolves readily in ethyl acetate, acetone, or 
alcohol, and also in chloroform or benzene. It crystallises from a 
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mixture of chloroform and light petroleum in rosettes of well-formed 
needles, and on slow evaporation of its solution in ethyl acetate it 
separates in small, flat, six-sided leaflets. When slowly heated, it 
becomes brown at 170°, melts slowly, and effervesces at about 
185 — 190°, but is apparently not completely melted at 220°. When 
a capillary tube containing the acid is plunged into sulphuric acid at 
180°, the substance melts fairly sharply at 181 — 182°, but slight 
impurities greatly affect its mode and temperature of fusion. 

When the acid is warmed with a dilute solution of sodium carbonate, 
the resulting solution, after acidification with nitric acid, gives an 
immediate precipitate with silver nitrate, although this does not 
occur if the warming has been omitted ; moreover, if a solution of the 
sodium salt is warmed for a few seconds, no precipitate is produced 
on addition of an acid. 

The basicity of the acid was determined by titration against cold 
standard sodium hydroxide in presence of phenolphthalein ; the 
equivalent found was 152, the calculated number being 146. 

When the substance is heated rapidly, it chars and loses much 
hydrogen bromide j the small quantity of sublimate obtained shows 
signs of crystalline matter, but its solution in dilute sodium carbonate 
did not decolorise more than a few drops of dilute potassium per- 
manganate solution, so that an unsaturated acid is probably not 
present. 

A dilute solution of the sodium salt gives no precipitates with salts 
of barium, calcium, manganese, cobalt, nickel, or cadmium, but affords 
a white precipitate with lead acetate and a buffi one with ferric 
cWomde ; with mercuric chloride, no effect is produced in the cold, but 
opalescence is produced on boiling. 

Like hombeamphoric acid, this substance shows no tendency to form 
an anhydride. It was boiled for several hours with acetic anhydride 
and the solution on evaporation yielded nothing which did not dissolve 
readily in dilute sodium carbonate. 


A.CTION OF Bases on a-BaoMOHOMOcAMPHOEic Acin and its Diethyl 

Ester. 

(1) Formation of Homocmiphanic Acid, 

In attempting to prepare dehydrobomocamphoric acid by the action 
Ij^^quiholihe on the diethyl ester of the bromo-acid, it was found that 
decomposition and charring occurred, so that the use of 
fafe^ylainliiae was resorted to. When heated with this base at 170°, 
loses a certain quantity of hydrogen bromide ; the 
the most part, however, appears to consist in the oUmina*^ 
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In one instance, tlie action was allowed to go on foi' 6 hours, when 
the diethylaniline was separated .from the neutral, substances in the 
usual manner, and the resulting mixture of esters hydrolysed by means 
of strong alcoholic potash. Although this treatment extended over a 
period of 5 hours, it was found that the product, on dilution and 
acidification, was contaminated with large quantities of acid esters which 
had escaped hydrolysis, and the whole product was therefore boiled with 
more potash during an additional 12 hours to ensure its complete con- 
version into the acids. The alcohol was then expelled, the residue 
diluted with water and acidified, when a very small quantity of a highly 
insoluble acid separated. The filtrate was extracted with ether, and 
the acids thus obtained were examined. As they were resinous, they 
were converted into barium salts and these fractionally crystallised. 
Some quantity of a sparingly soluble salt was thus obtained, which 
afforded nearly pure homocamphanio acid on treatment with acids in 
the usual manner. N’o other acids could be isolated from the more 
readily soluble barium salts. 

Homocamphanio acid is readily obtained by evaporating an aqueous 
solution of the sodium salt of bromohomocamphoric acid to dryness, 
acidifying the residue with dilute hydrochloric acid, and exbi'acting with 
ether. It is also obtained by heating bromohomocamphoric acid with 
the calculated quantity of sodium acetate dissolved in glacial acetic 
acid. It may be purified by drying rapidly at 150° and crystallising 
from benzene. A specimen thus purified was analysed with the 
following result : 

0*1837 gave 0*4209 GOg and 0*1213 H2O. 0 = 62*5 ; H = 7*4. 

requires 0 = 62*3 ; H = 7*5 per cent. 

The equivalent of the acid was determined by titration against 
A/10 caustic soda in presence of phenolphthalein ; the number found 
was 217, that required for a monobasic acid of the formula O11H23O4 
being 212. The substance is evidently, therefore, the lactone of 
a-hydroxyhomocamphoric acid. 

Homocamphanio .acid is fairly rea»diiy soluble in water, and separates 
from hot concentrated solutions as an oil which solidifies when the 
containing vessel is scratched with a glass rod j by slow cooling, it is 
obtained in the form of glistening needles. It dissolves somewhat 
readily in benzene or chloroform, and very readily in ethyl acetate, 
acetone, or alcohol. From benzene, it crystallises in fiat, six-sided 
plates which melt at 161—162°, the inelting point being unaltered 
after solidification. These belong to the monoolinic or the anorthic 
system ; in polarised light between crossed nicols.the direction of ex- 
tinction makes an angle of about 41° with the longest side ; in con- 
vergent polarised Hgbt, with a inch immersion objective, an a^ial 
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figure of wide angle may sometimes be made out ; the bisectrix is 
pf'obably the obtuse, and shows negative double refraction. In some 
’crystals, however, an axis of a figure of small angle and positive double 
refraction emerges at the edge of the field. 

When melted between slips of glass, the substance solidifies in 
patches of a radiate structure ; in convergent polarised light an optic 
axis may occasionally be seen, and here and there the bisectrix of a 
figure of small angle and positive double refraction emerges nearly 
normally to the field. 

Dilute solutions of the sodium salt give no precipitates with salts of 
barium, calcium, iron, mercury, lead, or even with basic lead acetate. 
In concentrated solutions, strong calcium chloride occasions a precipi- 
tate at once, and barium chloride after several hours. 

The stability of the acid is remarkable. It was boiled with 
moderately strong nitric acid for several days, and on evaporation the 
residue was found to consist of unaltered acid unaccompanied by any 
oily oxidation products. A solution of the acid in dilute sodium 
carbonate had no appreciable effect on dilute potassium permanganate 
at the ordinary temperature, although slow action appeared to take 
place at about 80°. It was not affected, too, by heating with acetic 
acid and lead peroxide. 


(2) Formcxtim of Dehydrohomomm^horic Acid, OOgH^CgHjglOH'COgH. 


Experiments, carried out with a view of increasing the yield of the 
highly insoluble acid produced in some of the foregoing experiments 
showed that a fair quantity could be obtained by the following 
method. 

Diethyl bromohomocamphorate was mixed well with about twice its 
weight of quinoline, and the whole heated rapidly to about 210°, kept 
at that temperature for about 5 minutes, and then cooled to 190°, 
being allowed to remain at that point for about 2 hours. The esters 
so produced were then extracted, washed repeatedly with dilute acid, 
and then hydrolysed. On diluting the product and acidifying, the 
new acid was precipitated as a bulky, brownish mass; this was 
collected, purified by conversion into its sodium salt, the solution of 
which was boiled with animal charcoal for an hour, filtered and 
Acidified. The resulting nearly white acid was collected, crystallised 
or three times from strong formic acid, dried, and analysed. 


gave 0*3768 COg and 0*1138 HgO. 





0*1279 HgO. 
D = 62*2; H = 
G=^61*7; 


0-61*8; H = 
0 = 61*7; H = 


0*4192 OO 2 

requires 0 — 62*2 ; H = 7*6 per cent. 


= 7*6. 
7*7* 
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The equivalent of the acid was determined ; 0*1237 gram required 
11*8 C.C. JSFjlO caustic soda for complete neutralisation, hence the 
equivalent found was 105, that required for a dibasic acid, 
being 106. 

Dehydrobomocamphoric acid is readily soluble in methyl or ethyl 
alcohol, acetic acid, or formic acid, but insoluble in benzene, chloro- 
form, or light petroleum, and practically insoluble in water. It 
crystallises fairly well from strong formic acid, forming small, four- 
sided plates, and separates from dilute acetic acid in branched, fern- 
like crystals. It melts at 190 — 191°, slight effervescence, but little or 
no darkening in colour, taking place. 

Heated on a microscope slide beneath a cover-glass, it sublimes 
slightly before melting and the molten substance solidifies on cooling 
to a mass of elongated plates showing interference coldurs of low 
orders in polarised light ] the whole then cracks in innumerable places 
as the temperature falls, and the effect of the formation of a new 
modification is produced, as the whole finally exhibits the appear- 
ance of aggregate polarisation. 

On adding bromine to chloroform containing dehydrohomocam- 
phoric acid in suspension, the colour of the former rapidly dis- 
appears, the acid dissolves, and little or no hydrogen bromide is 
evolved. This indicates that the acid is unsaturated. On adding 
potassium permanganate to an ice-cold dilute solution of the sodium 
salt, the colour is ^not instantly destroyed, but remains for a period 
depending on the amount added. In the course of several hours, 
however, considerable quantities of the oxidising material are used up 
and manganese dioxide is precipitated. 

Attempts to isolate bromo-derivatives of the acid were unsuccess- 
ful, as were all efforts to prepare from it a lactonic acid. Doubt- 
less, when larger quantities of the acid have been obtained, it will be 
possible to isolate these products. When the substance is warmed 
with strong splpli’^ric acid it dissolves, and gas is evolved, the solu* 
tion darkening 'slot^ly in colour s on pouring the resulting solution 
into water, only a slight precipitate of the original substance is 
obtained. 

A dilute solution of the sodium salt gives no precipitates with salts 
of barium, calcium, cobalt, bismuth, nickel or manganese, or With 
mercuric or ferrous salts ; with copper acetate, a blue precipitate is 
obtained, with ferric chloride a copious, buff precipitate results, and 
white precipitates are formed with silver and mercurous nitrates. 
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Oxidation op Dehydrohomocamphoric Acid. 


Formation of Oxalic and Gamphononic Adda, 


Whilst, as has already been mentioned, dehydrohomocamphoric 
acid is not instantly oxidised by potassium permanganate, it is com- 
pletely altered, i£ sufficient oxidising material has been used. The 
oxidation of the acid has been carried out several times with the 
sanie results, and although the amount of material dealt with ;||a^ 
small, the conclusions drawn from its examination are quite Ibe^^nd 
question. 

The following is an account of the last experiment made. Five 
grams of dehy drohomocamphoric acid, purified by repeated crystallisa- 
tion from formic acid and dilute acetic acid alternately, and melting 
at 190 — 191°, were dissolved in dilute sodium carbonate solution, 
cooled at 0°, and mixed with an ice-cold solution of 12 grams of 
potassium permanganate dissolved in a litre of water. The whole 
was then allowed to remain at the ordinary temperature (1 S — 18°) 
for about 40 hours. The colour of the permanganate had not entirely 
disappeared, and the excess was therefore destroyed by means of a 
little sulphurous acid. The liquid was then heated on the water-bath 
to render it more easy to filter, the manganese dioxide separated by 
filtration, and the clear liquid evaporated to about 50 c.c,> mixed with 
a slight excess of nitric acid, boiled to expel carbon dioxide, aga-in 
neutralised with ammonia, and mixed with excess of calcium chloride 
solution, A copious precipitate resulted, consisting almost entirely 
of calciuin oxalate ; it was insoluble in acetic apid, and yielded nearly 
pure oxalic acid after treatment with the requisite quantity of dilute 
sulphuric acid. 

The filtrate from the calcium oxalate, after further concentration, was 
rendered alkaline with ammonia and boiled, when a certain amount of 
a fiocculent precipitate separated. This was almost certainly the calcium 
salt of camphoronic acid, the presence of which had been proved in 
the former experiments, and is no doubt due to further oxidation of 
camphononic acid. 


The filtrate from the calcium camphoronate was rendered strongly 
^aline "v^ith hydrochloric acid and extracted repeatedly with ether, 
g^hich was then dried over calcium chloride and evaporated. A crystal- 
remained, which consisted, for the most part, of camphononic 
aa was proved by the following experiments. 

A JoHion of the crystalline material was transferred to a narrow 
and distillqd 5 the distillate in the upper portion of the tube 
ajip^rance of pure camphononic acid, and, after removal 
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and crystallisation from a mixture of benzene and light petroleum, 
melted at 226 — 227°, both alone and After admixture with camphononic 
acid, prepared from homocamphoronic acid. 

. A second very small portion of the crystalline material was dissolved 
in a little dilute acetic acid, mixed with a solution of ^bromophenyl- 
hydrazine acetate, and the whole heated on the water-bath for an hour. 
On cooling, a separation of minute crystals occurred; these were 
collected, dried, and crystallised from glacial acetic acid, when brilliant, 
colourless prisms melting at 193 — 194° were obtained, having all the 
properties of the jj-bromophenylhydrazone of camphononic acid (Trans., 

1899, 75, 1002). 

The remainder of the material was heated with sodium hydroxide 
and excess of a solution of hydroxy lamine hydrochloride for 2 hours on 
the water-bath ; the whole was then cooled, slightly acidified, and ex- 
tracted repeatedly with ether. On evaporating off the solvent^ a colour- 
less^ oily substance was left, which, on trituration with a little methyl 
alcohol, at once solidified to a white, crystalline mass. This was 
pressed on porous earthenware and crystallised from methyl alcohol, 
from which it separated in the magnificent, transparent, unstable 
rhombohedra so characteristic of the oxime’of camphononic acid (Trans., 

1900, 77, 465). It melted sharply at 177 — 178°. On analysis ; 

0-2409 gave 0*5123 and 0*1778 H^O. C=:58*0; H = 8*2. 

CgHisOgN requires 0 = 58-4; H = 8*l per cent. 

The products obtained by oxidising dehydrohomocamphoric acid with 
'dilute potassium permanganate at the ordinary temperature are there* 
fore mainly oxalic and camphononic acids, together with a little 
camphoronic acid, probably produced by the further oxidation of the 
camphononic acid. 

Most of the expense incurred during the work was defrayed by a 
grant from the Besearch Fund of the Chemical Society, and for this 
the author desires to express his indebtedness. His thanks are also 
due to Mr* E, M* Chapman, for his assistance during the preparation 
of the considerable quantities of cyanocamphor which have been 
employed. 

Chemical Department, School or Pharmaov, 

17, Bloomsbury Square, W.C. 
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XCV .- — Asyonmetric Optically Active Sulphuir Com* 
pounds, d-Methylethylthetine Platinichloride, 

By William Jackson Pope and Stanley John Peachey, 

Since the discovery of the sulphoninm compounds by Oefele in 1864, 
attempts too numerous to be recapitulated here have been made to 
ascertain -whether the sulphur atom is capable of combining with four 
separate univalent groups, or whether derivatives of apparently 
quadrivalent sulphur are merely molecular, as distinct from atomic, 
compounds; many attempts have also been made to determine the 
space arrangement of the four groups attached to the supposed quadri- 
valent atom. These attempts have, up to the present, yielded negative 
or ambiguous results (D, Stromholm, Om sulfin- och tetinfbreningar, 
Upsala, 1899). 

Although our earlier attempts (Proc., 1900, 16, 12) to resolve 
methylethylthetine into optically active components were unsuccess- 
ful, we have since succeeded in obtaining an optically active substance, 

{^-methylethylthetine platinichloride, 

which owes its rotatory power to the presence of an asymmetric 
quadrivalent sulphur atom, and have thus proved that in compounds 
of the type SX^, the sulphur atom is truly quadrivalent and that the 
four groups attached to it are, as in the case of carbon, situated at 
the apices of a tetrahedron the interior of which is occupied by the 
sulphur atom. 


On treating the methylethylthetine bromide of Carrara {Gazzetta, 
1893, 23, i, 493) in aqueous solution with a molecular proportion of 
silver d-camphorsulphonate (Trans., 1899, 75, 1128), filtering off the 
silver bromide, and distilling the filtrate at about 40® under a low 
pressure in a current of air, a residue is obtained which soon solidifies 
to a crystalline mass in a vacuum desiccator. It is extremely soluble 
in water, alcohol, or .acetone, but may be recrysfcallised by solution in 
a little absolute alcohol and addition of anhydrous ether, separation 


being assisted by strong cooling. Thus obtained, the salt forms 
fiiM^olourlBSs, odourless, microscopic prisms melting at 115 — 117®, and 
first thought by us (Proc., 1900, 16, 12) to be a pure sub- 
because successive fractions had the same composition and 
the same anelting point and rotatory power ; the apparently 
the 'ioliowing ^results on analysis, <fec., after ' drying 
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0*1109 gave 0*2002 COg and 0*0724 HgO. 0 = 49*24 ; H = 7*25. 

CisHgeOgSg requires 0 = 49*18; H = 7'10 per cent. 

0*4296 gram made up to 25*1 c.c. witii water, gave au +0*49° in a 
200 mm. tube. Whence [a ]d + 14*3° and [M]i> +52*4° 

0*3843 gram made up to 25*2 c.c. with water, gave a© +0*43° in a 
200 mm. tube. Whence 4-14*1° and [M]d +51*6° 

Since we have previously shown (Trans,, 1899, 75, 1086) that the 
<^-camphorsulphonic ion has [M]d +61*7° in aqueous solution, the 
conclusion that we were here dealing with a pure salt and that no 
resolution of the base had occurred seemed justified. In order, how- 
ever, to obtain further evidence, the investigation of this and the salt 
next described was continued as stated in our preliminary note in 
February {loc. cit), and the more so in that our work on tin published 
in May (Proc., 1900, 10, 116) seemed to bear upon the points at issue. 
During these intervening months, larger quantities of the salt have 
been prepared and subjected to prolonged fractional crystallisation, 
with the result that a resolution has been effected. On fractionally 
crystallising the salt some 40 or 60 times from a mixture of absolute 
alcohol and ether, a sparingly soluble fraction was obtained which 
melted at 118 — 120°, and gave the following results on analysis, &c., 
after drying at 100° : 

0*1276 gave 0*2304 COg and 0*0839 HgO. 0 = 49*27 ; H = 7*31. 

^ 16 ^ 26 ^ 6^2 0 = 49*18 ; H=7*10 per cent. 

0*7224 gram made up to 26*1 c.c. with water, gave ai> +1*07° in a 
200 mm. tube. Whence [a]i, + 18*6° and [M]i, + 68*0°. 

This material hence seems to be c2-methylethylthetine cZ-camphor- 
sulphonate, in which the anion has the molecular rotatory power 
[M]i> +16*3°. 


d-Methylethylthetine d-Bromocamphoraulphonate, 

On treating methylethylthetine bromide with silver <i?-bromocamphor- 
sulphonate (Trans., 1899, 75, 1131) in place of the camphorsulphonate, 
but adopting otherwise the same procedure, an oily residue ultimately 
remains which readily solidifies in a vacuum desiccator. This, after 
several crystallissitions from slightly moist acetone, is obtained as a mass 
of colourless, silky needles melting at 166 — 168°, and from analysis 
' and rotatory power determinations appears to be a uniform product. 


1*7103 lost 0*0671 at 100° H20 = 3*34. 

0*2466 gave 0*3478 OOg and 0*1167 H^O. 0 = 38*64 ; H=6*22. 
CiftHggOeBrSgjHgO requires H20 = 3*88 ; 0 = 38*87; H»6*83 per cent. 

0*3633 gram made up to 26*0 c.c. with water, gave +1*68° in a 
200 mm, tube. Whence [a]p 4*69*6° and [M]i> +276°. 

VOL. LXXVII. 4} D 
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Since the molecular rotatory power of the c2-bromocamphorsulphonie 
ion is about [M]p +270 CWalden, Zeit, physiTccd, Chem,^ 1894, 15j. 
196), it seemed that no resolution of the thetine had taken place. 
Prolonged fractional crystallisation of larger preparations of the salt 
from moist acetone resulted, however, in the separation of a sparingly 
soluble fraction having a molecular rotatory power slightly different 
from the above, although its composition is the same ; about 30 crys- 
tallisations were undertaken in obtaining this product. 

1*8654 lost 0*0666 at 100°. HgO ~ 3*57 ; IHgO — 3*88 per cent. 

0*2385, dried at 100°, gave 0*3513 00^ and 0*1243 HgO. C - 40*17 > 
H=:5*79. 

0*2293, dried at 100°, gave 0*3372 OOg and 0*1172 HgO. C = 40*10 ; 
H = 5*67. 

OisHgsOgBrSg requires C = 40*44; H = 6*61 percent. 

0*6172 gram air-dried salt, made up to 25*1 c.c. with water, gave 
tto + 3*05° in a 200 mm. tube. Whence + 62*0° and [M]d + 287° 

0*6594 gram air-dried salt, made up to 25*1 c.c. with water, gave 
a© +3*29° in a 200 mm. tube. Whence [aju +62*7° and [M]i>. 
+ 290*5°. 

Since ammonium c?-bromocamphorsulphonate has [M]d +275°m 
aqueous solutions of about the same molecular concentration as is 
here used, the examination of the thetine bromocamphorsulphonate,. 
as well as the camphorsulphonate, affords very strong evidence that 
both contain an optically active thetine of which the ion has about 


drMedtymyiaielim 2^2 PtOl, 


On dissolving d-methylethylthetine c2-camphorsulphonate of 
[Mji, +68° or <f-bromocamphorsulphonate of [M]d +287° to +290° 
in absolute alcohol, adding a little concentrated hydrochloric acid and 
then slowly stirring in an alcoholic solution of the requisite weight of 
platinic chloride, a yellow, crystalline platinichloride is deposited, 
which, after exhaustive washing with absolute alcohol, melts with 
profound decomposition at 177 — 180° The salt is very soluble in 
water, but insoluble in absolute alcohol, and may be crystallised from 
dilute alcohol ; its racemic isomeride is described by Carrara {loc. cit,) 
as melting at 167° 


.0-2469 gave 0*1619 COg and 0*0802 H^O. 17*89 ; 3*61. 

0*1104 „ 0*1391 AgOL 01 = 31*19. 

J)*3558 „ 0*1015 Pt. Pt = 28*5a. 

requires C« 17*73; H=a*26; 01 = 31*42; Pt = 28*71 
. per cent. , 
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0*2006 gram of salt from camphorsulphonate, made up to 16 c.c. 
witli water, gave +0*14° in a 200 mm. tube. Wbence [a]p +4*6° 
and[M]35 +a0*8°. 

0*3710 gram of salt from bromocampborsulphonate, made up to 
16c.c. with water, gave a© +0*22° in a 200 mm. tube. Whence 
[a]i> +4*6° and [M]i, +30*2° 

The molecular rotatory power [M]i> +30*5° of the platinichloride 
is, as would be expected, just about twice that of the thetine ion, 
[M]d +15°, deduced from its salts with optically active acids j in 
spite, however, of this close numerical agreement, we can as yet offer 
no guarantee that these optically active materials are free from their 
stereocheihical isomerides. 

We have thus proved that the asymmetric quadrivalent sulphur 
atom acts as a centre of optical activity just as does the carbon atom. 
Since we have previously demonstrated that the same is true of the 
asymmetric nitrogen (Trans,, 1899, 75, 1127) and tin (Proc., 1900, 
16, 42 and 116) atoms, we are now justified in concluding that the 
quadrivalent elements, C, Si, Ti, Zr, Oe, Th, Ge, Sn, Pb, 0, S, Se, Te, Or, 
Mo, W, and U of groups lY and YI, and the quinquevalent elements 
K, P, Y, Nb, As, Sb, and Bi of group Y of the periodic table are in 
their compounds with four or five groups of atoms, surrounded by 
groups arranged in tridimensional space, and can thus act as centres 
of optical activity. 

During the present work we have had occasion to examine the con- 
flicting records concerning isomerism possibly occurring in methyl- 
diethylsulphonium compounds. Kruger (J, pr, Ghem,y 1876, [ii], 14, 
206) and Nasini and *Scala {Gazzetta^ 1888, 18, 67) obtained two 
sulphonium iodides according as they treated diethyl sulphide with 
methyl iodide, or methyl ethyl sulphide with ethyl iodide. Klinger 
and Maassen {Anwlen, 1888, 243, 193) consider that trimethyl- and 
triethyl-sulphonium iodides are produced during the latter reaction, 
and that the platiniqhlorides of these form a double salt which is 
naturally not identical with methyldiefchylsulphonium platinichloride. 
We hope shortly to publish details confirming Klinger and Maassen's 
conclusions, having isolated the same platinichloride from the product 
obtained by heating methyl ethyl sulphide with ethyl iodide and 
water, as by crystallising together trimethyl- and triethyl-sulphonium 
platinichlorides. Any objection to the tetrahedral nature of asym- 
metric sulphur compounds which might be based on the work of 
Kruger or of Kasini and Scala can therefore be set aside. 

Goldsmiths’ Institute, 

Kew Cboss, S.E. . . 


4 D 2 



1076 


ADIE AND WOOD: 


XCyi . — A New Method of Estimating Potassium. 

By Eichard Halibxjrton Adib and Thomas Barlow Wood. 
Erdmann Ghem., 1866, 97, 385) and Sadtier (Amer. J, 

1870, [ii], 49, 189), among other observers, have described double 
potassium and sodium cobaltinitrites, prepared by precipitating solu- 
tions of cobalt salts with strong solutions of potassium or sodium 
nitrite, and noted the very sparing solubility of potassium cobaltini- 
trite. This fact has led to the use of a solution of sodium cobaltinitrite 
(de Eoningh’s reagent) as a qualitative test for potassium, and the 
authors* experience of the delicacy of this test has induced them to 
investigate again the nature and composition of the precipitate ob- 
tained, with a view to the possibility of using the reaction for the 
quantitative estimation of potassium. 

Two possible methods of procedure suggested themselves ; (1) to 
precipitate the potassium by a solution of sodium cobaltinitrite, and to 
weigh the precipitate ; (2) to precipitate as before, but to estimate the 
amount by titrating the nitrite groups with potassium permanganate 
solution, 

Eor both of these methods, it is necessary to know that the precipitate 
has a constant composition. To determine this, the authors prepared 
and analysed several samples, and found them to be dipotassium 
sodium cobaltinitrite, 

Preparation of the Reagent . — ^The sodium cobaltinitrite solution was 
prepared by dissolving 113 grams of cobalt acetate in 300 c.c, of water 
and 100 c.c. of acetic acid ; 220 grams of sodium nitrite were also dis- 
solved in 400 C.C. of water. The solutions were filtered and mixed, 
and the nitric oxide removed by evacuation. After standing 24 hours, 
the yellow precipitate, which had separated, was filtered off, and the 
solution made up to a litre. 

Analysis of the Fretnpiiate . — ^The sodium cobaltinitrite solution, when 
added to an equal volume of a 1 per cent, solution of potassium 
chloride acidified with acetic acid, gives an immediate yellow crystal- 
line precipitate, which settles in a few minutes. Several samples were 
made and analysed with the following results : 

Calculated for 

1. II. Ill, Mean. K2FaCo(N02)6,HjjO. 

17-2 — — 17-2 17*2 

5*0 — — 4*9 5*1 

— 13*2 13*0 13*1 13*0 

61-2 61*2 60*8 
4*1 3*9 

100*5 100*0 
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The most convenient mode of analysis was found to be as follows. 
About 1 gram of the salt was ignited over a burner, by which treat- 
ment the cobalt was converted into tricobalt tetroxide, CogO^, whilst 
the potassium and sodium remained as nitrites. The residue was 
boiled in water and jfiltered, the cobalt being weighed as C03O4, or as 
metal, after reduction by hydrogen in a Rose's crucible. The fltrate, 
after acidification with hydrochloric acid, was evaporated to dryness, 
gently ignited, and the residue weighed as a mixture of potassium and 
sodimn chlorides. 

I. 11. Mean. Calc. 

Mixed KOI and NaCl 45*3 45*8 45*5 45*5 per cent. 

The potassium was estimated in the mixed chlorides by the usual 
platinic chloride method. 

The alcoholic filtrate from the potassium platinichloride was evapo- 
rated, the platinum removed by reduction, and the sodium weighed as 
chloride, and again as sulphate. 

The nitroxyl (N’Og) was estimated by boiling the salt with sodium 
hydroxide solution, filtering off the cobalt hydroxide, which was 
weighed as tricobalt tetroxide, C03O4, and titrating the filtrate with 
potassium permanganate solution, after acidification with sulphuric 
acid, as described later. 

The water of crystallisation was not readily given off, even at 1 30° 
It was estimated directly by igniting the salt in a boat in a combustion 
tube, passing the evolved gases over heated reduced copper gauze to 
destroy the oxides of nitrogen, and collecting the water in a weighed 
calcium chloride tube. 

So far as the authors have been able to ascertain, the dipotassium 
sodium salt, K2]S[aCo(M02)6,H20, has not been previously described. 

Solubility qf the Salt , — ^The solubility of the salt was determined as 
follows. About 1 gram of the salt was suspended in 200 c.c. of 10 per 
cent, acetic acid and shaken repeatedly during 3 days ; it was then 
allowed to settle for 24 hours. The slightly turbid liquid was 
removed by 'a pipette and filtered, but could not be made perfectly 
clear, even by filtration through a hardened filter. ' Fifty c.c. of the 
filtered solution were boiled with sodium hydroxide solution, filtered 
from the precipitated cobalt hydroxide, acidified With dilute sulphuric 
acid, and titrated with J^/IO permanganate as before ^ 0*6 c.c. was 
required, which makes the, solubility rather less than 1 part of the 
salt in 20,000. 

Orommotric Estimation , — The definite composition and the insolu- 
bility of this salt make it suitable for the gravimetric estimation of 
potassium, as the following results show: 10 c.c. of a I per cent, solu- 
tion of pure potassium chloride were precipitated by 10 c.c. of the sodium 
cobaltinitrifce reagent, with the addition of 1 c.c, of strong acetic acid. 
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The precipitate was allowed to stand overnight, filtered either through 
a weighed Gooch filter, or weighed filter paper, washed with 10 per 
cent, acetic acid until the washings were colourless, and, finally, 
once with water, dried at 126° until the weight was constant, and 
weighed. 

1. II. III. Mean. Taken, 

Wt. of KOI, calc, from wt. 

of E: 2 m 0 o(]SrO 2 )e,H 2 O... O-IOS O-lOl 0*096 0*1 0*1 gram. 

These numbers sufiice to show that, under the conditions of the 
experiment, the potassium is completely precipitated, and that the 
method gives accurate results with very little trouble. 

To secure reliable results, it is most important to precipitate 
from a solution containing between 0*5 and 1 per cent, of potash, 
KgO. At this concentration, the precipitate settles readily, and in 
such a physical state that it is easily retained by a filter. At greater 
dilutions, the precipitate settles out very slowly, adheres very firmly to 
the sides and bottom of the beaker, and passes through the filter so 
persistently that at a concentration of 0*2 per cent., the weight of pre- 
cipitate obtained was 6 per cent, below the calculated, whilst at 0*1 
per cent, only two-thirds of the calculated amount could be collected. 
The deficiencies are far larger than . the solubility of the salt could 
account for, and are apparently due to mechanical diflGlculties in col- 
lecting so fine a precipitate. 

VbluTnetrio The precipitation and washing are carried 

out as above ; the filtration must, however, be made through asbestos 
in a Gooch filter, as paper interferes with titration by potassium per- 
manganate. When washed, the precipitate and the asbestos plug are 
blown out of the Gooch filter into a beaker, and boiled with dilute 
sodium hydroxide solution. The asbestos and the precipitated cobalt 
hydroxide are filtered off, and the filtrate containing all the nitrite 
of the precipitate is made up to 100 c.c. The authors find the most 
convenient method of titrating to be as follows. 

20 c,c. of the solution are acidified and rapidly titrated by i7/10 potass- 
ium permanganate solution. As some loss of oxides of nitrogen may 
occur on acidification, a second and more accurate titration is made by 
adding the volume of permanganate solution thus found to the nitrite 
elution before acidification, and then adding more permanganate 
mfiution until a permanent colour is produced. As an example, 20 c.c. 
took 16*3 c*c, of permanganate solution when acidified first, but when 
20 c.c., 16*3 c,c. of the permanganate solution were added, 
sulphuric acid, it was found that a further addition 
C.C* of permanganate solution was required to produce a per- 
lie end point is determined quite sharply by 1 drop 
solution produmng a colour which la^^is for 1 minute. 



A NEW METHOD OF ESTIMATING FOTASSIITM* 1079 

Estimation of Potash m Manmres and Soils . — ^The metEod is very 
suitable for the estimation of potash, in such commercial fertilisers as 
muriate, or sulphate of potash, kainite, &c., or in soils. The method 
-adopted by the authors for fertilisers is as follow's : weigh out 10 grams 
of muriate or sulphate of potash, or 40 grams of kainite, and dissolve 
in water, making the solution up to 1 litre. Filter off a portion 
through a dry filter, take 10 c.c., add 10 c.c. of the sodium cobalti- 
nitrite reagent and 1 c.c. of acetic acid, allow to stand until the pre- 
cipitate has settled, pass through a Gooch filter, and proceed to the 


volumetric estimation as above. 

The following results have been obtained : 

Commercial Muriate of Potmh ; K^O per cent. 

By cobaltinitrite volumetric method 49*67 

By platinic chloride gravimetric method 49*64 

Comimrcial Sulphate of Potash \ L II. 

By cobaltinitrite volumetric method 50*05 50*82 

By platinic chloride gravimetric method ... 50*80 

Kainite : I. II. III. 


By cobaltinitrite volumetric method ...... 12*22 11*94 12*70 

By platinic chloride gravimetric method... 11*98 12*07 12*53 

For soils, the authors have found the following method to give very 
satisfactory results. The soil is extracted by heating 10 grams in a 
loosely stoppered Jena glass flask with 20 — 30 c.o. of strong hydro- 
chloric acid for 48 hours. The solution is then freed from all bases 
which might interfere with the method, by boiling with excess of 
sodium carbonate. The precipitated bases are filtered off, and the 
solution concentrated, after addition of acetic acid, to 10 c.o., or to a 
volume which gives the concentration of potash recommended above. 
Ten c.c, of the sodium cobaltinitrite reagent are now added, with more 
acetic acid if necessary, and the precipitate allowed to settle. The 
volumetric estimation is now carried out as before. 

The following results have been obtained by various extractions of 
the same peaty soil under different conditions. The solution from 
each extraction was divided into aliquot parts, and comparative esMma- 
tions of the potash made by the cobaltinitrite volumetric and by the 
platinic chloride gravimetric methods : 

Peaty Soil : 

KoO per cent. 

L II. III. lY. Mean. 

volumetric I 

By platiuic chloride gravimetric I ^ ^ 3 ^,^3 

method J 
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Tie results as a whole show that the cobaltinitrite volumetric 
method is nearly as accurate as the methods hitherto available for 
estimating potassium by means of platinum, whilst it is much easier 
to work and presents no special difficulties. 

CAMBErDGB. 


Notes on the Chemistry of Chlorophyll. 

By Leon Maeohlewski, Ph.B., and G. A. Schunck. 

DesMTE the great amount of work performed and published in regard 
to the question of the real spectrum of chlorophyll, scientific opinion 
on this subject is by no means unardmous. Chlorophyll is notoriously 
one of the most changeable compounds known, and the disregard of this 
circumstance has led several authors to ascribe to substances, isolated 
by methods in which the action of chemical reagents has not been 
excluded, the name of chlorophyll which they cannot possibly claim. 

1. The Spbcteum op Chloeophybl. 

In order to be able to ascertain whether a certain process leads to 
the isolation of unaltered chlorophyll, or whether the product under 
observation is in fact a chlorophyll derivative, two methods have 
be^n used, one a physical and the other a chemical one. 

The physical method is the well-known optical one. The spectro- 
scopical properties of the product isolated are compared under the 
same conditions with the properties of a solution of chlorophyll which 
has not been under the influence of any reagents whatever. 

As is well known, crude alcoholic green leaf extracts produce an 
absorption spectrum in the visible region which consists of four bands 
between the lines B and F, and are also characterised in the more re- 
frangible re^on, as one of us has shown (Proc. Boy, Soc,, 1898, 63, 
389), by three bands situated between F and the potassium line, 
the first of which by artificial light is visible to the eye.* 

* As regards the spectrum given by the living leaf, our observations, using direct 
sunlit as the source of light, show that in a thin leaf only the characteristic band 
in the red is visible accompanied by a distinct lighter shading on its more refrangible 
sid^ the rest of the visible spectrum being continuous. In a denser leaf, the band 
fed ^ome of the same intensity, forming a broad intense band, and at the 

tte there is an indication of a band in the vicinity of the F-line. A still 
Wtet off all the visible rays more refrangible than the 5-lines, but shows 

of a band adjacent to D situated oh its less refrangible side, whilst the 
b^me still broader. This band, as seen in a thin leaf, lies 
^ 6975 and A 6700, the shading extending to X 6500. In 
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The relative intensity of the three first bands between B and F is 
almost the same in all freshly prepared solutions, but the fourth band 
in the vicinity of the line E varies, being even sometimes darker than 
the third band, and sometimes hardly visible, a fact which suggests 
the supposition made by E, Schunck {Annals of Botany^ 1889, 3, 65), 
that this fourth band does not belong to chlorophyll, but to some 
derivative of it. The question now arises whether these four bands 
in the less refrangible region, or at least three of them, and the three 
in the more refrangible region characterise a chexnical individual, or 
whether they are caused by several substances. 

The majority of observers contend that the bands exhibited by a 
crude leaf extract between the lines B and F, or at least three of them, 
are indeed caused by a chemical individual — chlorophyll — a view which 
we also share, and we believe that the three bands in the more 
refrangible region are also due to the same individual, for the follow- 
ing reasons. 

It is well known that crude alcoholic chlorophyll extracts contain 
at least one green colouring matter and several yellow substances, 
the xanthophylls. It is possible, however, using the following method, 
based on the very elaborate and important observations of Sorby 
{Proo,Eoy, Soc,, 1873, 21, 442), to get rid of the greater portion of 
these accompanying colouring matters and at the same time to cause 
no alteration in the chlorophyll proper. This method, which is ex- 
plained fully in the second part of the paper, depends upon the differ- 
ence of solubility of the coloured constituents of crude chlorophyll 
extracts in alcohol or carbon disulphide, when the alcoholic extract is 
agitated with successive quantities of the latter, and by which means 
the chlorophyll can be obtained comparatively free from the other 
coloured constituents of the crude extract. On now examining the 
spectrum, it will be found to be exactly similar to that of the crude 
extract, with the exception that more of the ultra-violet is visible 
extending in our photographs as far as 0,*^ this fact being no doubt due 
to the absence of certain members of the xanthophyll group which 
produce a general obscuration in this region of the spectrum. The 
jj^utions also appear to be slightly greener in colour, due to the absence 

an alcoholic extract of chlorophyll of such a strength as to show the spectrum to the 
beat advantage, the band in the red lies between X 6850 and X 6400, and in the 
weaker solutions between \ 6760 and x 6600, so it appears that there is a shifting of 
this band still further into the red in the living leaf, and the spectrum given by the 
leaf appears to us to be characterised almost solely by this band, whereas the spec- 
trum of an alcoholic extract is characterised by at least three distinctive bands between 
B and F. 

* The examination of the violet and ultra-violet region was accomplished by 
means of photography, an Iceland spar prism and quarts lenses being used, and tha 
source of light was a Welsbach incandescent gas mantle of 60 candle-powen 
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o£ the xanthophylls. These facts make it evident that the colouring 
matters of the xanthophyll group have no influence upon the bands of 
-ar crude leaf extract, either in the less or more refrangible region of 
the spectrum, and that the spectrum as shown by these crude solutions 
is indeed most probably due to a chemical individual known as 
chlorophyll. 

This method does not, however, solve the question of the origin 
of the fourth band situated near the line E, the solubility of the 
derivative which produces this band in alcohol or carbon disulphide 
seeming to be about the same as that of chlorophyll itself. To 
achieve this result a method mentioned first by Kraus (** Zur Kenntniss 
ddr Ohlorophyllfarbstoffe,^' 1872) may be used, which consists in 
treating crude extracts with benzoline. This solvent takes up the 
green colouring matter along with a considerable quantity of the 
yellow substances. By washing the first benzoline extract repeatedly 
with alcohol and by experimenting in absence of direct light, a 
benzoline solution is at last obtained which shows no traces of a band 
in the vicinity of the line E, especially in the case of extracts of Ficui 
vepmSy which were used throughout these experiments and give 
a very typical chlorophyll spectrum with which to start ; the fourth 
band is but faintly visible. The above result, that chlorophyll when 
purified gives a spectrum which is characterised in the less refrangible 
- region by three bands, one in :the red, starting approximately at B 
and Overlapping 0, another in the orange, and a thitd beyond D, and 
three bands in the violet and ultra-violet situated between E and K^, 
we consider to be an accurate description of the spectroscopic properties 
of unaltered chlorophyll, and we believe that a product isolated by any 
method whatever cannot he termed “chlorophyll’^ unless it possesses 
iJfciis spectrum. 

As regards the chemical criterion for unaltered chlorophyll, it must 
be admitted that a product deserves the name of “ chlorophyll ” only 
if it yields under the influence of acids phylloxanthin and phyllo- 
cyanin, or at least the latter, by the prolonged action of the acid. 

Having described the conditions under which, in our opinion, a sub- 
stance may be called “ chlorophyll,’' we will now describe the results 


. of our experiments relating to a substance termed by Hartley (Trans., 
^ ,1891, 69, 106) “ blue chlorophyll,” which, according to him, possesses 
I all. the optical properties of normal chlorophyll. Hartley’s concep- 


Hiipn of the latter is not, however, in agreement with our own. 

that a “solution of leaf green, made with cold 
^ per cent, by extracting the colour from minced ivy leaves, 
juth or without washing, has the properties of the ivy leaf in 
nearly fdl the red rays and the green rays near to the 
P spectruuij the yellow and orange rays are dimmed, 
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but the green is '-wholly transmitted/' If this solution be diluted 
with water and shaken up with benzene, the latter will dissolve a sub- 
stance which, according to Hartley, possesses exactly the same optical 
properties as his **blue chlorophyll"; a fact which is considered by 
him to be a proof of the soundness of his method for isolating the 
‘‘blue chlorophyll." We are sorry to say that, after repeating 
Hartley's experiments, we arrived at the conclusion that his description 
of the chlorophyll spectrum as shown by cold leaf extracts or benzene 
extracts, obtained by adding water to the former and shaking up with 
benzene, is erroneous and that these spectra do not differ in any way 
from the one considered by us the normal chlorophyll spectrum (except 
as regards the fourth band), but differ radically from -the spectrum of 
Hartley's “blue chlorophyll/' 

Hartley's method for the isolation of “ blue chlorophyll " consists 
in the treatment of cold alcoholic leaf extracts with a saturated 
aqueous solution of barium hydroxide. There is formed a green 
precipitate which is washed with water, alcohol, and chloroform in 
order to remove the so-called “yellow chlorophyll,” the nature of 
which is discussed in the second part of the present paper. The 
precipitate obtained is treated with a mixture of boric acid, glycerol, 
and alcohol ; the acid decomposes the barium compound and the colour- 
ing matter liberated dissolves in the alcohol. The solution thus 
obtained appeared of a fine bluish-green, not unlike solutions of 
alkachlorophyll. A portion of it was diluted with water and ex- 
tracted with ether, and the ethereal solution obtained compared with 
an ethereal solution of chlorophyll prepared by extracting the original 
alcoholic leaf extract with ether after water had been added to it. 
The ethereal solution of Hartley's colouring matter showed a very 
different spectrum from that of chlorophyll. When observed in 
eonoentrated solution, it exhibits four bands, of which the first in the 
red is very broad and intense, and corresponds approximately in 
position to that of the first characteristic chlorophyll band; the 
remaining three bands, especially the one furthest away from the 
red end, are extremely faint* That part of the spectrum in which 
appears the second chlorophyll band is quite clear, no band being 
present. A still greater dijBEerence is noticeable in comparing very 
dilute solutions. If the ethereal solution of Hartley's “blue chloro- 
phyll ” is diluted to such an extent that the faint bands disappear 
altogether, the previously broad band in the red appears to be split 
into two, whereas a corresponding splitting of the first band of chloro- 
phyll is not noticeable at any dilution. Prom the foregoing it will 
be seen that Hartley's chlorophyll exhibits very marked differences in 
comparison with ordinary chlorophyll solutions and the cohblusion 
must be formed that the barium hydroxide used for its isolation has 
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xuadoubtedly some chemical effect on the colouring matter present in 
the original green leaf extracts. 

- The first suggestion which might be put forward in order to explain 
the difference observed is that Hartley’s chlorophyll is in reality alka- 
chlorophyll, that is, a derivative of chlorophyll obtained by the action 
of caustic alkalis on chlorophyll in boiling alcoholic solutions. Indeed 
the two substances have certain properties in common, but there also 
exist certain differences which it would^ be at present premature to 
discuss. 

We now proceed to describe the results obtained by the action of 
acids on Hartley's blue chlorophyll/' An ordinary alcoholic solu- 
tion of chlorophyll, when treated with hydrochloric acid, yields 
phylloxanthin and phyllocyanin, two substances of well known 
physical properties. If Hartley’s colouring matter is true chlorophyll, 
it ought also to give these two derivatives of chlorophyll, or at least 
phyllocyanin, the last product of the action of acids on chlorophyll. 
As a matter of fact, a very different result has been obtained. The 
bluish-green alcoholic solution of Hartley's ^‘chlorophyll/’ which, 
however, contains some glycerol, changes to greyish-blue on adding to 
it some concentrated hydrochloric acid. The mixture, on being poured 
into water and extracted with ether, gives a greyish-brown, ethereal 
solution wHch, on being examined spectroscopically, shows the well 
known spectrum of phyllotaonin consisting of six bands, but not the 
phyllocyanin spectrum of five bands^ This shows that, towards acids, 
Hartley’s colouring matter behaves quite differently from chlorophyll, 
and in comparison with the behaviour of alkaohlorophyll a difference 
is noticeable in so far as the last named derivative invariably gives an 
ether of phyllotaonin on treatment with hydrochloric acid in an 
alcoholic solution. 


It is difficult to say at present whether these facts point to an actual 
difference between Hartley’s “blue chlorophyll” and alkaohlorophyll, 
or whether the glycerol present in the solution of Hartley’s chlorophyll 
has anything to do with the matter. We may add, however, that on 
two occasions the ethereal solution of the decomposition product of 
Hartley’s chlorophyll by acids gradually changed its spectrum of six 
bands into that of an ether of phyllotaonin with five bands, two being 
situated in the red and three in the green and blue, a fact which, 
however, seems to prove that only the phyllotaonin present in the 
ethereal solution might have changed into ethylphyllotaonin under 
ethyl chloride, which no doubt could have been present 
^ qimntities in the acid soluti on . 

respect. Hartley’s blue chlorophyll behaved exactly like 
boiling alcoholic solution is treated with an 
acid and afterwards evaporated almost to dryness. 
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the residue suspended in water, and the mixture extracted with ether, 
a solution is obtained which shows the spectrum of acetylphyllo- 
taonin, which, as is well known, is identical with that of ethyl 
phyllotaonin. Alkachlorophyll, treated in the same manner, behaves 
similarly, giving also acetylphyllotaonin. As regards the absorption 
in the violet region of the spectrum. Hartley’s blue chlorophyll differs 
considerably from chlorophyll, for instead of the three bands charac- 
teristic of the latter, it possesses, like alkachlorophyll, only a single 
band overlying the potassium line. 

In conclusion, we may sum up our experiences with Hartley’s ‘‘blue 
chlorophyll ” as follows. It is not unaltered chlorophyll ; barium 
hydroxide when acting on chlorophyll causes, even at the ordinary 
temperature, some chemical change ; the substance so produced is 
closely related to alkachlorophyll, and possibly identical with it. 
When treated with acids, it yields phyllotaonin or its derivatives, but 
not phylloxanthin or phyllocyanin. In connection with physiological 
problems, Hartley’s statement in regard to the chlorophyll spectrum 
must lead to errors, relating, as it does, to a derivative of chlorophyll 
never present in the living plant, and not to chlorophyll itself. 

2. Evidence fob the Existence op sevebal Chlorophylls. 

On addition of barium hydroxide to a crude alcoholic chlorophyll 
solution, the greater portion of the green colouring matter appears to 
be precipitated at once, leaving the filtrate of a yeUowish-green colour j 
on addition of more barium hydroxide and allowing to stand, a further 
precipitation takes place, the resulting filtrate finally being of a yellow 
colour. 

Examination by the spectroscope shows this resultant yellow filtrate 
to possess no absorption bands in the red, yellow, or green, but in the 
more refrangible region of the spectrum to have the four bands 
situated between the lines E and L, shown by one of us (Prat. Sop, 
Soc.^ 1899, 06, 177) to be characteristic of the xanthophyll group of 
yellow colouring matters which accompany chorophyll in healthy 
green leaves, and are extracted along with it by means of alcohol. 
The first of these bands is plainly visible to the eye, and lies just 
beyond the line Ej the presence of the others is made evident by 
means of photography. We have thus in the resultant filtrate the 
accompanying yellow colouring matters of the xanthophyll group. 

On examining the i/nitial filtrate, which is, as before stated, of a 
yellowish-green colour, a band in the red makes its appearance, how- 
ever, as has been observed by Hartley, to whom this method of 
separation is due (loc. cit,). This, on concentration, is as broad and 
almost as intense as the first characteristic chlorophyll band observ* 
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able in all crude alcoholic extracts, but not in the same position, the 
band in the filtrate being shifted about a quarter of its width towards 
the violet. At the same time, there is no indication of the second, 
third, and so-called fourth chlorophyll bands, the yellow and green 
being continuous. On dilution, until the band in both becomes narrow, 
the more refrangible edge of the band in the crude extract just over- 
laps the less refrangible edge of the band in the filtrate, the latter 
being now aboub half the intensity of the former, the centres of the 
two bands being approximately X 6655 and X 6460. On further dilution, 
the spectrum beyond I' is that of the xanthophyll group of yellow 
colouring matters, consisting, as before, of four bands. As the latter 
group of yellow colouring matters by themselves show no band in the 
red, we must conclude that another colouring matter besides chloro- 
phyll is present, and it is this mixture of colouring matters contained 
in the filtrate that we gather Hartley (?oc. cii.) has designated by the 
term yellow chlorophyll.^^ That this additional colouring matter is 
distinct from chlorophyll is shown by its behaviour towards acids. 
When crude chlorophyll solutions are acted on with hydrochloric acid, 
the phylloxanthin spectrum, consisting of four bands, is first observed, 
and finally that of phyllocyanin, composed of five bands. In the case 
of this so-called yellow chlorophyll,*’ however, even after prolonged 
action- of hydrochloric acid, oidy two faint, narrow bands appear, co- 
inciding in position with the second and third phylloxanthin bands, 
and a narrow, darker one in the vicinity of the fourth phyllocyanin 
band, but the resulting spectrum does not seem to bear much resem- 
blance to either that of phylloxanthin or phyllocyanin. A difference 
is also observable in the more refrangible region, for on adding a drop 
of hydrochloric acid to a small portion of a very dilute solution of the 
crude leaf extract, two pronounced bands are formed on each side of 
the potassium line, whilst in the case of the filtrate containing the 
yellow chlorophyll ” only one band is produced, overlapping this same 
line ; further, this band is not due to the action of the acid on the 
xanthophyils, for on acting on them alone in the same manner, no 
such band is formed, the action of acid in this case only tending to 
decrease the intensity of the bands. This is a very delicate reaction, 
for in order that the bands shall be visible on the photographic plate 
to the best advantage, the solutions must be ver^ dilute. This addi- 
idonal colouring matter, like chlorophyll, can be removed from its 
solutions by means of animal charcoal, leaving the xanthophyils in 
the process being one for obtaining the latter free from 
^^Sgjceen constituent of the crude leaf extracts. It was mentioned 
^fe ^.'the. colour of the filtrate containing this additional colouring 
a yellowish-green, but we are led to believe that the 
gmH^^^^g^is.due to the xanthophyils, and that if it were possible 
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to get rid of the latter, the filtrate would be green. The reason for this 
assumption is based on the fact that if the yellowish-green filtrate be 
agitated with carbon disulphide, having the alcoholic solution of such 
a strength that a separation takes place between the two, the carbon 
disulphide will take up a greater part of the xanthophylls in pre^ 
ference to this additional colouring matter, so that after a number of 
washings with the solvent the alcoholic solution becomes much 
greener, in fact almost as green as that of the crude extract, and 
shows the band in the red as before, with the yellow and the green 
continuous. Much of this colouring matter is, however, lost by being- 
taken up by the carbon disulphide in the process of washing, and 
there still remains mixed with it in the alcoholic solution some of the 
xanthophylls, as proved by the spectrum in the violet and ultra-violet 
being the same as is shown by a yellow colouring matter or matters- 
that can be separated in a similar manner from the other members of 
the xanthophyll group after the green constituent has been removed 
by means of animal charcoal. There is thus good evidence that a 
colouring matter is present in addition to true chlorophyll and the 
yellow colouring matters of the xanthophyll group, but in what pro- 
portion it occurs cannot at present be satisfactorily answered. We 
think it is present in a relatively small quantity compared with true 
chlorophyll, and not in sufficient amount to affect the first character- 
istic band in the crude alcoholic chlorophyll extracts. 

Hartley states that, in addition to the barium compound of hiff' 
blue chlorophyll,’’ he also obtained a considerable quantity of :the 
barium compound of his so-called yellow chlorophyll.” Unfortunately, 
we have failed to identify the latter compound, as the precipitate* 
' which was formed from the yellowish-green filtrate (leaving the solu- 
tion yellow, showing no band in the red, and, as we proved, consisting 
.of the xanthophylls), after being treated with boric acid, gave a similar 
compound to that obtained from the initial precipitate. Whether thia 
fftctmay be taken as a proof that with baryta true chlorophyll and[ 
this so-called yellow, chlorophyll *’ form the same compound, it is at 
present difficult to decide. 

Our observations of its spectroscopic properties coincide ^th 
Hartley’s with respect to the band in the red. With regard to the more 
refrangible part of the spectrum, we differ from him, as he states that 
nis ‘^yellow chlorophyll,” even in very thin layers of a dilute solution, 
gives a powerful absorption band extending from 6 to H^. We find 
only the bands characteristic of the xanthophyll group in this region, 
bnt this does not prove that if the substance were freed from the 
xanthophylls it would not have a peculiar spectrum of its own in this 
region. All we can say is that this method furnishes evidence of the 
existence of a colouring matter in addition to chlorophyll and the 
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mntliopliylls, which has a red fluorescence, imparts a green colour to 
its alcoholic solutions, and is characterised by a band in the red which 
is more refrangible than that due to chlorophyll as seen in its crude 
alcoholic extracts. 

The existence of this colouring matter can be shown, however, by 
another method, namely, that of Sorby before mentioned (foe. cit), 
which consists in the fractional separation of the alcoholic extracts of 
chlorophyll by means of carbon disulphide. 

Our experiments were made on similar lines to Sorby*s, using, as 
before, a strong alcoholic extract of Ficm repem. This was shaken 
up four or five times with an equal volume of carbon disulphide, 
whereby the whole of the green constituent and the greater portion of 
the yellow colouring matters composing the xanthophyll group are 
taken up by the solvent, leaving in the alcohol some of the xantho- 
phylls, which are more soluble in it than in carbon disulphide. We 
have thus all the colouring matbers capable of being taken up by 
carbon disulphide divided into several fractions, according to their 
relative solubility. The first carbon disulphide fraction contains 
nearly the whole of the chlorophyll, together with a large portion of 
the xanthophylls, and has an olive-green colour. The subsequent 
fractions contain small, decreasing quantities of chlorophyll and the 
remainder of the xanthophylls, the latter, however, greatly preponder- 
ating, the colour of the fractions now varying from an amber-brown 
to a rich amber colour. On a spectroscopic examination, the second of 
these carbon disulphide fractions, in addition to the bands due to 
chlorophyll, which are now only feebly exhibited, has an additional 
narrow band in the red in close proximity to, and on the more refrang- 
ible side of, the first chlorophyll band, the latter being perhaps a little 
broader and more intense j the other carbon disulphide fractions 
only feebly exhibit this additional band. The first fraction shows the 
same spectrum, as the alcoholic extract, with this exception, that the 
bands are shifted about a quarter of their width towards the red end, 
this being due to the difference in the solvent. On diluting this frac- 
tion until the first band in the red becomes narrow, a distinct shading 
is visible on its more refrangible side, not quite as broad as the band 
itself, but corresponding in position with the more refrangible of the 
above double bands, as seen in the second fraction. If we examine 
this second carbon disulphide fraction in alcohol (having evaporated it 
to dryness and taken up with alcohol), the more refrangible of the 
, two bands now appears only as a distinct shading in dilute solutions, 
not detached from its companion as when carbon disulphide is 

K the solvent, but on comparison with the filtrate obtained by 
fta method, this shading corresponds in position with the band 
|ke filtrate. We thus, by this method, have additional evx- 
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dence for tlie existence of the so-called yellow chloropltylli^f although 
it seems impossible in this case to free it from a certain amount of 
true chlorophyll — the “ blue chlorophyll ” of Sorby. The reason why 
the band appears double in a carbon disulphide solution, and only in 
the form of a shading in alcohol, is due to the different effect of the 
two solvents, the position of the more refrangible of the two bands be- 
ing about the same in both, but the less refrangible one is shifted 
more towards the red end in carbon disulphide than in alcohol. 
Finally, the reason why it does not appear as a separate band in the 
first carbon disulphide fraction, but only as a shading, is that the 
colouring matter producing it appears to be less soluble than true 
chlorophyll in carbon disulphide, and consequently the latter is now 
present in a much greater relative quantity than it was in the second 
fraction, so that even on dilution a separation is impossible. That 
this explanation meets the case, can be shown by washing the first 
carbon disulphide fraction with methylated spirit, by which means we 
can take the colouring matters back into alcoholic solution, but in 
different relative proportions, for on adding water to the first spirit 
extract, which will throw down the colouring matters along with the 
dissolved carbon disulphide, we get a spectrum in which the band in 
the red is as distinctly double as in the second carbon disulphide 
fraction of the original separation, j&s in the baryta method, we can 
find by this process no other bands except the solitary one in the red 
to characterise the substance. The various carbon disulphide fractions 
give in the violet and ultra-violet either the characteristic spectrum of 
the crude chlorophyll extract, namely, three bands situated between F 
and or those of the xanthophyll group, according as one or the 
other preponderates. In all these carbon disulphide fractions, how- 
ever, there is a pronounced band in the green situated on the less re- 
frangible side of the F line, which, when the fractions are observed in 
alcohol, is not visible, and no doubt is the chief cause of the dif- 
ference in the colour of the fractions when observed in alcohol and 
carbon disulphide. This band, we find, corresponds in position to 
the first of the bands of the xanthophyll group when dissolved in 
carbon disulphide, this solvent having a very considerable shifting 
effect upon them as compared with alcohol. As the presence of 
the xanthophylls can be proved in all the carbon disulphide frac- 
tions, and as both chlorophyll proper and the so-called ‘‘yellow 
chlorophyll*' can be removed by means of animal charcoal without 
affecting this band, we may safely conclude that it belongs to the 
xanthophyll group* Sorby states that in addition to the band in 
the red, his “yellow chlorophyll” has a band in the green, but we 
think from the description of his separation that it was due to 
some of the xanthophylls which he had not removed; for although 
VOL. LXXyiL. 4 E 
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carbon disulphide in the first instance takes up a large quantity 
of the xanthophylls, a goodly quantity is redissolved on washing 
with methylated spirit. A portion, at any rate, of this group 
is therefore equally soluble in both solvents, and thus this colour- 
ing matter cannot be freed entirely from the xanthophylls. 

The reason why the band of the so-called yellow chlorophyll ’’ 
does not influence the spectrum of the crude alcoholic leaf extracts 
remains to be discussed. We believe it is because of the great pre- 
ponderance of true chlorophyll, whose band in the red, in strong 
solutions, more than covers the space occupied by the one due to the 
yellow chlorophyll,” whilst on, diluting the solution to such a 
strength that it should be possible to see it, the quantity has become 
too small to afEect the spectrum. This view is corroborated by unit- 
ing the different carbon disulphide fractions, which amounts to having 
the- whole extract dissolved in this solvent. On then examining the 
spectrum in a moderately strong solution, the presence of the band 
is made evident by a distinct shading on the violet side of the first 
chlorophyll band, of about half the intensity of that band; the reason 
why it is now visible is because the band due to true chlorophyll is 
shifted more towards the red end in carbon disulphide as compared 
with alcohol, whilst the position of the other band remains almost 
constant in the two solvents. 

The facts related make it quite certain that crude leaf extracts of 
higher plants contain twb green colouring matters, of which one is the 
true chlorophyll, with all its well known properties, the other, present 
in considerably smaller quantities, also producing ^ absorption of 
certain red rays. Whether these two colouring matters are chemically 
ailied or whe^er they are both necessary for performing the assimilat- 
ing fhhctibn is impossible to say at present, and although as a subject 
for future mvestigation the problem offers considerable difficulties, it 
deserves a thorough study. 

As true chlorophyll differs in its solubility in alcohol and carbon 
disulphide from this new green colouring matter and the members of the 
xanthophyll group, we are able to obtain it in a comparative state of 
purity. Taking, as before, equal volumes of the crude extract (prepared 
with 82 per cent, methylated alcohol) and pure carbon disulphide and 
shaking the mixture well, the disulphide will subside, having taken up 
the major portion of the chlorophyll together with some the new 
green colouring matter and a considerable portion of the xanthophylls. 
^ most soluble, is therefor® present in a 

I relative quantity than in the original extract. If this carbon 

is now shaken up with successive equal volumes of 
spirit^ the colouring matters are taken up again by the 
lrg^}aons,. btit in different relative proportions, depen- 
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dent upon their solubility. The greater portion of the xanthophylls 
and the new green colouring matter, being more soluble in alcohol 
than true chlorophyll, will be contained in the first few fractions, and 
the later spirit fractions will consequently contain the chlorophyll in 
a relatively excessive quantity, although a considerable quantity will 
have been lost in the process. That these other colouring matters 
have been nearly, if not entirely, removed, can be proved by spectro- 
scopically examining the later spirit fractions in carbon disulphide, 
water being added to them, which precipitates the dissolved disulphide, 
carrying along with it the chlorophyll. 

It will now be found that the band in the red, due to the new green 
colouring matter, is absent, and there is also no indication of the band 
in the green, situated on the less refrangible side of the P line, which 
we have shown indicates the presence of the colouring matters of the 
xanthophyll group. This solution of purified chlorophyll in carbon 
disulphide is as green as the original alcoholic extract; it ban be 
evaporated to dryness without change, and the residue, dissolved in 
alcohol, has exactly the spectroscopic properties of the crude alcoholic 
extracts already discussed, its spectrum in carbon disulphide and in 
alcohol being identical, with the exception that in the former solvent 
the bands are shifted a little towards the red end. 

It now remains to determine to what extent, if at all, the product 
in question contains colourless impurities We hope to be able to 
answer this question shortly. 

5. Action of Bromine upon PhtlIiOPOrphtrin and Hjbsmatoporphyrin, 

‘I It is well known that the chemical and optical properties of phyllo- 
porphyrin, a derivative of chlorophyll, and of haematoporphyrin, a 
derivative of hsemoglobin, are very similar, facts which point to a close 
relationship of the two substances (E. Schunck and Marchlewski, iVoc. 

-(Sbc., 1896, 59^^33). The study of the colourless oxidatioh pro- 
ducts of both, which will be published in due course, seems to give a 
further proof of the correctness of this assumption. The present note 
deals with a reaction, to which is due a cheznical change of phyllo- 
porphyrin and hsematoporphyrin, not leading, however, to a complete 
decomposition of the chromophoric groups. 

It has been shown by Arnold, in an interesting paper entitled “ Ein 
Beitrag zjur Spectroscopie des Blutes {OmircM, med, Wis^em^ 1899, 
466), that bromine, acting on the sulphate of so-called hsematoporphyrin 
anhydride, causes a change in the original colour, which, being at first 
red with a bluish tint, becomes violet;, and finally a dirty green. At 
the same time, very interesting changes in the absorption spectrum 
may be observed. The final product of the action of bromine on the 

■ 4 E 2 ■ ■ ■ ■ 
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sulphate of hsematoporphyrin aubydride, dissolved in a mixture of 
alcohol and chloroform, shows, according to Arnold, a spectrum with 
four absorption bands, the positions of which he gives as follows ; 

Band 1. X 650—615 Band 3. X 638—526 

„ 2. X 592—578 „ A X 512—488 


The first and fourth bands are very dark and broad, whilst the second 
and third are very faint and comparatively narrow* Under the influ- 
ence of hydrochloric acid, the spectrum undergoes another change^ 
The colour becomes pure green, and the spectrum consists of a single 
band in the red. 

We have repeated Arnold's reaction, using, however, hsemato- 
porphyrin, prepared by the method given by Nencki and Sieber 
{Monatsh*i 1888, 9, 115), and compared the results with those obtained 
by the action of bromine on phylloporphyrin, prepared according to 
the well known method of heating phyllotaonin with alcoholic potash 
or soda to a high temperature in sealed tubes. The action takes place 
very gradually, as has been shown already by Arnold. We will first 
describe the final result, obtained by using a slight excess of bromine, 
and then the gradual changes observed under the influence of gradually 
increasing quantities of bromine. 

Phylloporphyrin and hsematoporphyrin dissolved in absolute alcohol 
give, on being treated with a sufficient quantity of bromine, olive-green 
solutions of somewhat different shades, the phylloporphyrin. showing a 
slight violet tinge. The spectroscopic properties of the substances 
obtained may be seen from the accompanying plate, and in order to 
be able to appreciate the great change produced by the action of 
bromine the spectrum of phylloporj)hyrin has also been inserted. The 
position of the bands, expressed in wave-lengths, may be ascertained 
by means of the annexed scale (p. 1093). 

A comparison of the spectra will show first of all that the changes 
produced by bromine in the phylloporphyrin and hsematoporphyrin 
spectra are, on the whole, very similar, but that at the same time 
certain important differences do exist. We notice that the bromo* 
phylloporphyrin shows a band in the extreme red which is absent in 
the case of “bromohsematoporphyrin,” and that the fourth band of 


the former corresponds to a double band in the latter. With the excep- 
tion of the band in the extreme red in the case of the ** bromophyllo- 


^rphyrin," however, the spectra of both are much alike, a fact which 
we think, with certainty to a near relationship between 
^I^S^pc^lxynn and hfiBmatoporphyrin. 

^^^"re^rds the gradual changes of the spectrum under the influence 
increstsing quantities of bromine, the following facts may 
If Womihe solution be added to a phylloporphyrin 



NOTES ON THE CHEMISTBT OF CHLOROPHYLL. 


1093 


solution in alcohol, which is so far diluted (as depicted in the 
plate) that the second band in the orange close to the first band is 
invisible, a change will be noticed at once under the influence of the 
first drop. Two very faint bands appear in the red, the first 
phylloporphyrin band becomes fainter, the third and sixth shift 
somewhat towards the red, and a shading appears behind the fifth 
band. The second drop of bromine water produces further changes, 
0f the two bands in the red, the more refrangible becomes broader 
and darker, and the double band of phylloporphyrin shows signs of 
becoming a triple band. The third and fourth drops of bromine water 
cause the appearance of a faint band in the extreme red, the two 
bands in the red unite into a single one, which appears much broader 



Explanation qf Plate. 

1 . PhylloporphyH%inixXco7mh 

2. Bromophylloporpliyriri in alcohol, 

8. Bromoh(zmatoporphyrin in alcohol, 

and extends close to the first phylloporphyrin band» The triple band 
beyond the D line becomes more pronounced, whilst the sixth band is 
moved Still further towards the red end of the spectrum. She fifth 
drop of bromine water causes the band in the extreme red to appear 
still darker, the two united bands in the red become stiU broader and 
cover now the space previously occupied by the first phylloporphynn 
band, and the triple band ne^r D disappears and is replaced by*a 
single band. The sixth drop produces finally the spectrum given in 
the drawing. It will therefore be, seen that the seventh band of 
phylloporphyrin is albered only to a very slight extent ; it extends a 
little towards the red and becomes possibly slightly less intense. 
Very similar changes are noticed in the case of hmmatoporphyrin, but 
there is no trace of a band in the extreme red, and the sixth hmmato- 
porphyrin band is replaced by two faint ones in a somewhat different 
position. 
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As regards the changes of colour of the solutions, we have noticed 
exactly what is stated by Arnold about the sulphate of hsematoporphyrin 
anhydride, namely, that the original red colour of the solutions changes 
to violet, and finally to olive-green. When hydrochloric acid is added 
to the olive-green solutions, a further change is noticed, the solutions 
become reddish-violet and exhibit a spectrum composed of several 
bands which, with the exception of the one in the red, are not well 
defined. It is rather difficult to say whether the spectrum, as de- 
picted in the plate, really represents the final product of the action of 
bronolne on phylloporphyrin and hsematoporphyrin. We are inclined 
to think that it does, because further additions of bromine at firsh 
do not cause any appreciable change, whilst still larger quantities 
evidently destroy the products formed, for the fainter bands gradually 
fade away and the dark ones become gradually narrower. 

The study of the changes of the acid solution of phylloporphyrin 
and hsematoporphyrin under the influence of bromine is perhaps even 
more interesting than in the case of the free bases. The acid solutions 
exhibit, as is well known, only three bands, situated on either side 
of the D line, and consequently the gradual formation of the bromo- 
phylloporphyrin and bromohsematoporphyrin spectra is particu- 
larly striking. The final products obtained possess a colour difficult- 
to. define, being of a reddish-brownish yellow, but the spectra are very 
much like those obtained with the neutral solutions, except that the 
bands are narrower and that the hsematoporphyrin solution exhibits 
only four bands. It seems that the action of bromine on these sub^ 
stances, in presence of even a slight excess of acid, is more energetic 
than in the <^e of neutral solutions. 

As regards the chemical nature of the' products formed in Arnold*s 
reaction, we do not intend for the present to express any definite 
opinion. It would seem that the changes observed are not due to 
oxidation, for concentrated nitric acid,, when acting upon phyllopor- 
phyrin or haematoporphyrin, yields the same or analogous colour reac- 
tions as bromine, but the spectra of the solutions are quite different 
from those obtained when bromine is used, being composed of two 
bands only, situated in the green and yellow. 


XCVin.- — Sulvanite, a New Mineral. 

By G. A. Goydee. 

Was found in considerable quantity in some ore from a 
named, near thb Burra in South Australia. 

^ first recorded instance of a sulphide mineral 
as pne of principal constitnents. 




GOTDER: SULTAKITE, A NEW MINERAL. 


1095 


From the first analysis made, the composition appeared to be that of 
a sulphovanadite of copper, 3Cu2S,T2S3, mixed with chalcocite ; a paper 
describing the mineral and giving this as a provisional structure, was 
read before the Royal Society of South Australia at Adelaide on 
June 5tb. 

On further examination, it was found that the sulvanite is so inti- 
mately penetrated by malachite and other oxidised minerals as to 
require fine comminution and digestion with dilute or weak acids 
before these oxidised portions can be removed. 

Two samples, appearing nearly pure, were therefore finely ground, 
levigated and treated, one with cold dilute hydrochloric acid (1 :1) 
and the other with 30 per cent, acetic acid heated on the water-bath ; 
there was considerable evolution of carbon dioxide in each case, and 
much copper was dissolved. The washed and dried powders yielded 
the following figures on analysis, A having been treated with hydro- 
chloric acid and B with acetic acid : — 


Cu, r. S. SiOa. 

A 47-98 12-53 32-54 4-97 0-42 

B 48-95 12-68 30-80 6-72 1-63 


From these analyses, it appears that the mineral consists of sulpho- 
yanadate of copper, SOu^SjVgSg, and a table follows showing the com- 
position of A and B after deducting the silica and iron, together 
with the calculated analysis of 30u2S,Y2S5 : 


Cu. y. S. 

A 51-57 13*46 34-97 

SCugSjYaSg (calc.) 51-50 13-88 34-62 

B 52-96 13-72 33-32 


In these analyses, the sulphur is a little high in A from a slight 
decomposition of the sulphide by the action of hydrochloric acid, whilst 
in B the copper is high owing to the acetic acid having failed to 
remove all the oxidised copper minerals. 

On heating a picked and apparently pure specimen in a closed tube 
before the blowpipe, a ring of sulphur was deposited on the cool 
surface of the tube, indicating the presence of vanadium penta- 
sulphide, YgSg, or cupric sulphide; a previous test on a less pure 
fragment had given no sulphur, but another portion of this same 
fragment was found to contain only 8 per cent, of sulphur, which 
explains the discrepancy. 

Physical properties of the mineral ; — rMassive, lustre metallic to 
sub-metallic, colour bronze-yellow, streak nearly black, hardness 3'5, 
sp. gr. 4-0. No crystalline form could be detected in the specimens 
examined, and this, with the presence of oxidised minerals, renders 
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the physical properties rather vague. Two specimens had the sp. gr, 
of 3*94 and 3'82, and the first, after deducting the effect of 5 per 
cent, of silica, gave the sp. gr, as 4*03 ; as malachite has the same 
sp, gr., its presence does not affect the result. 

The associated minerals are malachite, azurite, quartz, vanadium 
ochre, gypsum, and calcite, with probably some copper vanadate, 
although none of this has, so far, been separated for identification, 

Kote. — I n separating sulphuric acid from vanadium in hydro- 
chloric acid solution, the vanadium should be first reduced from 
Vanadium pentoxide, V 2 ^ 5 » vanadium tetroxide, V 2 O 4 , otherwise the 
barium sulphate is contaminated with vanadic acid or barium 
vanadate, from which it cannot be freed by treatment with acids, 
whereas when first reduced, none or only negligible traces are carried 
down. 

If solution has been preceded by fusion with sodium hydrogen 
carbonate and potassium nitrate, the nitrite present suffices for the 
reduction, otherwise the acid solution is boiled with a little alcohol 
until it is of a pure blue colour. The vanadium tetroxide is oxidised 
by bromine prior to precipitation as barium vanadate. 

South Australian School of Mines and Industries, 

Adelaide, * 


XGIX.— Acetal and Ph^nacetyl Derivatives of Diethyl 

i-TarPrate. 

By John MoOeae and T. S. Patxbeson. 

Among other questions concerning the relation of isomerism to optical 
activity, arises that of the comparative influence of the phenacetyl 
and toluyl groups on the rotatory power of optically active compounds 
into which they may be introduced. According to the hypothesis of 
Guye and Crum Brown, the phenacetyl group ought in this respect to 
resemble the isomeric toluyl group, whilst, on the other hand, from 
chemical analogy, it would rather be expected to resemble the acetyl 
, group— as Frankland has pointed out (Trans., 1893, 63, 635) — or 
» still more some other substituted acetyl group, for example, 
etyl, 

r work has shown fairly clearly that the second of these two 
ris confirmed by the facts. The results in the case of the 
series are shown in the following table (compare 
? Ms^ 0 r^Qr^ Trans, 1896, 69, 104 j Frankland and 
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Patterson, Trans., 1898, 73, 181 j Frankland and Aston, Trans., 


1899, 

75, 493} : 




Methyl glycerate 

o 

00 

i 

II 

[M]^ = 

-5-76° 


di-o-toluylglycerate ... 

„ = +20-2 


+ 71-9 


„ m-toluylglycerate .. 

„ = +26-4 

J» ~ 

+ 94-0 


„ p-toluylglycerate. , . 

„ = +41-2 

93 “ 

+ 146-7 


diphenacetylglycerate. . 

II 

1 

CO 

99 ~ 

-56-5 


diacetylglycerate 

[a]}?= -12-0 


-24-6 

3? 

di-monochloroacetyl- 





glycerate 

„ = -12-9 

99 “ 

-36-1 


di-dichloroacetylglycerate „ — ->13*9 

»> ~ 

-47-7 


di-trichloroaeetylglycerate „ =» - 14*2 

99 “ 

-68-3 


The introduction, therefore, of any of the acetyl groups into the 
methyl gly cerate molecule alters the rotation in the positive direction, 
the influence of the toluyl groups being just the opposite. 

Only two other series are known, so far as we are aware, in which 
a similar comparison can be instituted, the first being that of the 
menthyl esters, for which Tschfigaeff 1898, 81, 360, 1778) gives 
the following : 


Menthol 

= 

-50-0° 

[M]i,= -78-0° 

Menthyl o-toluate ...... 


-84-4 

„ 231-3 

„ m-toluate 


-87-9 

„ 241-0 

„ ^-tpluate 


-92-1 

„ 252-6 

„ phenacetate ... 


-69-6 

„ = - 100-7 

,, acetate ... .««... 


-79-4 

„ 157-3 


In this case, however, the difference in the effect of the phenacetyl 
and toluyl groups can scarcely be said to be so marked. 

The third series which can be adduced is that of the diethyl 
diacyltartrates, where we find a behaviour seeihingly closely analo- 
gous to that of the glycerateer. The diphenacefeyl and diacetyl deriva- 
tives, previously prepared by Freundler, have been re-examined for 
the object of this investigation. - 

In the series of diethyl monoacyltartrates, only diethyl mono-tri- 
chloroacetyltartrate (Frankland and Patterson, he. diethyl mono- 
monochloroacetyltartrate (Frankland and Turnbull, Trans., 1898, 73, 
204), and the diethyl monotoluyltartrates (Frankland and McOrae, 
Trans., 1898, 73, 307) are known, and the object of the present in- 
vestigation is to fill up the existing gaps and connect together the 
data for the diethyl mono- and di-acetyl, -chloroacetyl-, -phenacetyl-, 
and -toluyl-tartrates. 
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Experimental. 

Diethyl Diacetyltartrate. 

This substance was prepared from pure diethyl tartrate having the 
specific rotation +7*76° at 29°, by boiling for some time under an 
inverted condenser with excess of acetic anhydride. The excess of 
anhydride was distilled off, and the residue, when cold, poured into 
water, when it almost immediately solidified. It was collected and 
recrystallised from aqueous alcohol, from which it separated in prisms 
melting at 67 — 68° 

The rotation of this product at 100° was found to be 6*59° in 
a 100 mm. tube. 

The compound was then distilled under diminished pressure (about 
15 mm.) and separated into two fractions. It boiled at 170° The 
rotation of the second fraction was determined at various temperatures 
with the following results : 


Length of pcHarimeter tube, 66*04 mm. 


Temp. 

Observed 

rotation. 

Density. 

[o]b. 

[M]„. 

[SJ„. 

100° 

4*49° 

1*0793 

+ 6*30° 

+ 18*26° 

+ 43*87° 

86-7 

4*04 

1*0928 

6*60 

16*24 

39*31 

78-2 

3*78 

1*1012 

6*20 

16*08 

36*69 

71*3 

3*60 

1*1086 

4*92 

14*27 

34*86 

67*6 

3*49 

1*1120 

4*76 

13*77 

33*76 

56*8 

3*24 

1*1229 

4*37 

12*67 

31*24 


It was not found possible to continue the observations to lower 
temperatures as the substance, cooled slowly in the polarimeter jacket, 
solidified a little below 66°. 

The densities actually observed were : 

d 98*5°/4°= 1*0810 d 70*7°/4°- M092 

d 81 *2°/4°= 1*0979 d 65*6°/4°= 1*1146 

The rotation of this substance has already been examined by 
Preundler {Ann, Ghim, Phys,, 1894, [vii], 3, 464), who found for the 
observed rotation at 26° (i^= 1 dcm.) the value +5°. The density was 
not determined. This number, judging from our results, is probably 
too high, which may be due to admixture with diethyl tartrate or 
diethyl monoacetyltartrate, both of which are liquid and of higher 

<( 

1 
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Diethyl Monoacetyltcurtrate. 

In order to prepare this substance, 90 grams of diethyl tartrate 
were dissolved in 200 grams of benzene and 34 grams of acetyl 
chloride were added in instalments of 5 c.c. daily. After the addition 
of each instalment, the solution was boiled on the water-bath during 
the rest of the day. When the reaction was over, the benzene was 
distilled off as far as possible from a water-bath and the rest removed 
by distillation in a vacuum, A few drops of tartrate were removed 
along with the benzene and the main fraction collected. The product 
of the reaction boiled between 167° and 169° under 16 mm, pressure 
(temp, of oil-bath, 216 — 220°) and 94 grams were obtained. 

A small portion of this was shaken up with water to remove diethyl 
tartrate. Most of it quickly went into solution, but left behind a 
residue which immediately solidified. This was diethyl diaoetyl** 
tartrate, since the melting point after recrystallisation from aqueous 
alcohol was found to he 67°. Therefore, either diethyl monoacetyl- 
tartrate had not been formed or that substance is easily soluble in 
water, contrary to the statement of Perkin (this Journ., 1867, 20, 138),. 
who prepared it by heating diethyl tartrate with acetyl chloride in 
theoretical quantity in a sealed tube. 

In order to remove the diacetyltartrate which had been formed, the 
whole product was shaken up with water, and the resulting solid 
collected. According to an experiment made with another preparation 
at this stage, in which 1 gram of solid residue was obtained from 
5 grams of substance, about 20 per cent, of the product consisted of 
diethyl diacetyltartrate, in spite of the precautions taken to prevent its 
formation. Sodium carbonate solution was added to the filtrate, which 
was then Shaken for a short time (a previous experiment having 
shown that prolonged action of sodium carbonate can completely 
destroy the monoacetyl compound), and then extracted with ether. 
The ethereal solution was filtered, the ether distilled off, and the 
residue fractionated in a vacuum. 

The colourless, viscid liquid thus obtained was examined in the 
polarimeter in a 100 mm. tube, and gave the rotations : 

At 8". 14-6“. 

+ 10-23° +10-80° +11-30° 

the corresponding rotations for diethyl tartrate being 

+ 7-80° +8-7° +9*36° 

Another preparation made in the same way had a rotation at 14*8° 
of + 10*89° in a 100 mm. tube. 
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Apparently, therefore, the best method of preparing this substance 
ts treatment of diethyl tartrate in a large quantity of an indifferent 
solvent with the calculated quantity (or less) of acetyl chloride. 
The product on distillation gives a mixture of diethyl tartrate, diethyl 
monoacetyltartrate, and diethyl diacetyltartrate, and these three com- 
pounds cannot be separated by distillation. Diethyl tartrate, however, is 
miscible in all proportions with water, and, at any rate for the most 
part, can be removed by shaking with a maS , quantity of water. 
The remainder should then be again shaken with water and this 
operation repeated until a solid residue is left. In this way, diethyl 
monoacetyltartrate is obtained in solution. It is fairly easily soluble 
in water and can be extracted by ether, chloroform, benzene, <fcc,, and 
distilled. 

A third preparation was made as described. The diethyl monoacetyl 
tartrate was extracted with chloroform, the solution dried with 
calcium chloride, and the chloroform mostly distilled off. The residue 
was heated for some time in an air-bath at 100°, then allowed to 
stand in a vacuum until the smell of chloroform was gone. The pale 
yellow liquid which remained had a rotation of 10*50° in a 100 mm. 
tube at 17*5°. This was then distilled in a vacuum and the rotation 
of the middle fraction examined at different temperatures, with the 
following results : 


Temp. 

rotation. 

16°. 

10-71° 

18-1 

10-89 

20-7 

11-06 

31-2 

11-60 

60-3 

12-55 

66-9 

12-86 

«7-4 

13-36 

77-6 

13-88 

e6’4 ' 

14-30 

99-1 

14-83 


Density. 

[a].- 

1-1869 

+ 9-03° 

1-1828 

9-21 

1-1800 

9-36 

1-1694 

9-92 

1-1600 

10-91 

1-1436 

11 - 25 ' 

1-1329 

11-80 

1-1224 

12-37 

1-1136 

12-84 

1-1008 

13-47 


[M].. 

[5].. 

+ 22-40° 

+ 63-56° 

22-84 

64-70 

23-21 

66-70 

24-60 

■ 69-19. 

27-06 

76-24 

27-90 

77-29 

29-26 

80-54 

30-68 

83-94 

31-84 

86-68 

33-48 

90-14 


The densities actually observed were : 

d 20*4°/4°= 1*1805 62 * 274 °. 

c?B4*9°/4°== 1*1656 d 



.1*1481 

1*1292 


graphs of the substance, whose rotation had thus been 
I *wej?e shaken with water; most of it went into solution 
er, some solid residue behind. This was collected, and 
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when dry weighed 0*7 gram, showing that the substance had contained 
about 4 per cent, of diethyl diacetyltartrate. It is probable also that 
the substance contained a small proportion of diethyl tartrate, and 
the presence of these substances may be due either to the inadequacy 
of the means of purification adopted, or perhaps to a slight decom- 
position of the monoacetyl compound into tartrate and diacetyltartrate 
on distillation. To free the substance completely from these impurities 
is evidently a matter of considerable difficulty, inasmuch as by several 
repetitions of the method used and in several preparations the 
rotation remained practically constant. The quantity of admixed 
substance, however, is not great, and both impurities would lower 
the rotation, so that the true value of the rotation of the mono- 
acetyltartrate should be a little higher than that which we have 
found. 

Assuming that the influence of the impurities on the rotation is 
purely additive and that there was 5 per cent of each present, then 
[a]i? of the pure substance would be approximately 

Since the percentages of carbon and hydrogen in the monoacetyl 
compound and in the impurities do not differ to any great extent, an 
ultimate analysis would not throw any light on the composition of the 
specimen examined. 


Diethyl DipJrni^cetyltmrVrate^ 

16*5 grams of diethyl tartrate were added very slowly to 46 grams 
of phenacetyl chloride heated in an oil-bath at 120°. After all the 
ester had been added, the heating was continued until the evolution 
of hydrogen chloride had ceased, then finally the temperature of the 
bath was raised to 140° for 20 minutes. 

In one case, the excess of acid chloride was distilled off tinder 
diminished pressure, and the residue shaken up with water. It was 
subsequently found that the diphenacetyltartrate decomposes when 
strongly heated, and consequently in the succeeding experiments tho 
acid chloride was decomposed with water and not distilled off. The 
product was shaken with about 200 o.c. of water for some time, and, 
after separation, the oil was shaken with a solution of sodium 
carbonate, then dissolved in ether, and shaken on a machine for 
6 hours with a fairly concentrated solution of sodium carbonate. The 
ethereal solution was washed well with water and then dried for a 
few minutes over ignited potassium carbonate. The ether was 
evaporated off and the yellowish, viscid residue dried in a vacuum 
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over sulphuric acid. The rotation of this substance at 18° in a 
66*04 mm. tube was 13°. Attempts to distil it in a vacuum showed 
that it is only very slightly volatile without decomposition. At a 
pressure of 7 mm. (obtained by a Barr and Stroud mercury pump)j 
a very little substance distilled at 270°, but much decomposition 
■occurred, and the distillate was deeply coloured. 

The liquid in one preparation was fractionally dissolved by, and 
separated from, light petroleum, and then had a rotation of 20*6° in a 
100 mm. tube at 19*25° equivalent to 13*54° in a 66*04 mm. tube. 
In another case, it was dissolved in ether and shaken with animal 
■charcoal. After filtering, the ethereal solution was shaken with 
sodium carbonate solution and treated as before. The residue then 
had a rotation of 13*93° in a 66*04 mm, tube at 15°. A slow current of 
air was aspirated through the liquid in a vacuum, as recommended by 
Freundler (Zoc. ciA, 475). After this treatment, the rotation had 
slightly increased to 13*90° in a 66*04 mm. tube at 20*2° (this is an 
increase because the rotation decreases with rise of temperature). 

Another preparation of the substance led to practically the same 
rotation, and this may be taken as evidence of the purity of the 
products. 

Freundler (Zoc. cit) has already examined this compound : he finds 
that at 19° in a 60 mm. tube it has the rotation 8°69', and as its 
-density at 19° is 1*174, [a]i? is 15*3°. From our observations, we 
calculate that in a 60 mm. tube at 20° our prepai*ation would have 
rotation 10°3r. 

It has been found extremely difficult to rid the viscid liquid entirely 
of phenacetyl chloride or phenacetio acid, and possibly the explanation 
d the difference in the results which Freundler and we have obtained 
is due to this circumstance. 

On analysis : 

0*2354 gave 0*5606 OOg and 0*1250 0 == 64*96 ; H = 5*90. 

024H2g0g requires 0 = 65*16 ; H=5*88 per cent. 

The following density determinations were made : 

d 15°/4° = 1:1793 j d 34*8°/4° = M603 ; d 65°/4° = 1*1424 ; 

d 70°/4°= 1*1276 ; d 98°/4°= 1*1024. 

The rotation was determined at different temperatures, and the 
;^;foBow[ng results were obtained : 
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Temp. 

rotation. 

Density. 

[a].. 

[M].. 

[8].. 

12*5° 

15*05° 

1-1820 

+ 19-28° 

+ 85-22° 

+ 164-2° 

20-2 

13*90 

1-1748 

17-91 

79-16 

161-9 

34*5 

12*15 

1-1613 

15-84 

70-01 

133-3 

43*5 

11*17 

1-1630 

14-67 

64-84 

122-9 

52 

10*06 

1-1447 

13-31 

68-83 

110-9 

€0*5 

9*33 

1-1371 

12-42 

54-89 

103-1 

73-7 

8-27 

1-1248 

11-13 

49-19 

91-7 

S5 

7-46 

1-1146 

10*12 

44-73 

82-9 

99-6 

6-67 

1-1016 

9-03 

39-91 

73-4 


Diethyl Monophmacetyltwrtrate. 

Fifteen grams of phenacetyl cWoride were added, drop by drop, to 
76 grams of diethyl tartrate heated on the water-bath. The addition 
must be made slowly, and it is essential fco shake the mixture well 
after each drop has been added. After the apparent evolution of 
hydrogen chloride had ceased, the mixture was kept on the water-bath 
for 1 to 2 hours, and after cooling poured into water. The separated 
oil was well shaken with a solution of sodium carbonate, then dissolved 
in ether, and the solution, after being shaken on a machine for 6 hours 
with fresh sodium carbonate solution, was washed, dried, and evapo- 
rated. The residual oil, after drying in a vacuum over sulphuric acid, 
had a rotation of 27'’ in a 100 mm. tube at 18°. In this condition, 
the substance contains an appreciable quantity of the diphenacetyl 
compound, and if subjected to distillation in a vacuum, the dis- 
tillate is impure and coloured by the decomposition products of 
the latter. In order to get rid of most of this impurity, it has 
been found that dissolution in, and separation from, light petr- 
oleum le^ds to a satisfactory result. The liquid was warmed with 
a quantity of light petroleum, insufficient to completely dissolve it. 
The solution was poured off from the undissolved portion, and, on 
cooling, an almost colourless oil separated out. This oil had a higher 
rotation than before, and after being several times treated in this 
aoaanner, the rotation rose to 32"33° in a 100 mm. tube at 18°. The 
liquid was then distilled under II mm. pressure, and the part boiling 
at 225 — 230° had a rotation of 35*07° in a 100 mm, tube at 16°. 
After two further distillations in a vacuum, the rotation rose to 35*90° 
in the same tube at 21°, and this was found to be constant on redis- 
tilling the substance. 

This constant rotation has been found for different prepara- 
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bions, and shows that the substance had been obtained in a pure 
state. 

The monophenacetyl compound is a yiscid, colourless .oil — not 
nearly so viscid, however, as the diphenaoebyl derivative — and did not 
solidify in a freezing mixture of solid carbon dioxide and ether. The 
isomeric toluyl compounds have been obtained in the solid state 
(Frankland and McOrae, Zoo, cit.\ but, whereas they decompose on 
distillation, the phenacetyl compound can be distilled* It has been 
mentioned that it is not advisable to distil the monophenacetyl com- 
pound until it has been obtained in a state of comparative purity; 
possibly the decomposibion noticed in the attempts to distil the mono- 
toluyl compounds was due to impurities, although the two cases are 
not quite analogous, since Frankland and Wharton have shown that 
the ditoluyltartrates are volatile, and we have found that diethyl 
diphenacetyltartrate is only very slightly so. 

On analysis : 

0-1613 gave 0*3505 OOg and 0-0876 0 = 59*26 ; H = 6*0T. 

CigHgoO^ requires 0 = 59-26; JE = 6-17 per cent. 

The following density determinations were made ; 

36^4°= 1*1721 . cZ 8074 ®= 1*1304 

cZ 5974 °= 1-1504 <Z.9374°= 1-1163 

The rotation of the substance was determined at difEerent tempera- 
tures, and the following results were obtained : 

^ jjpZmweZsr 30-6 wm. ' 






1+102-67®-. 




1:^803 '■■■■■ 

W26 

■ ■■,•■-98*04^ 



: 10*37 

1*1726 

29*00 

93*96 

221*5 

S9 

10*17 

1*1692 

28*52 

92*39 

217*4 


10*01 

1*1669 

28*12 

91*11 

214*1 

BO 

9*63 

1*1586 

27*26 

88*29 

206*5 

60-5 

9*27 

1*1484 

26*47 

86*76 

199*3 

72 

8*88 

1^382 

26*58 

82*88 

191*6 

81-5 

8*52 

1*1282 

24*76 

80*22 

184*3 

88-6' 

8*32 

1*1206 

24*34 

78^86 

180*4 

99-5 

8*13 

1*1100 

24*02 

77*82 

176*8 


MoUcula/t volumes at 15° 

These have been calculated according to 1. Traube's formula : 
Vm *= wi9-90 + w3-lH -f p2-30' + g-S-bO" + 25*9 - rl 8*20<jB[g ring. 
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Experimental Calculated 
mol. vol. at mol. vol. at 

15 ^ 16 “. 

248*4: 244*5 

271*8 268*4 

374-8 374‘9 

In tlae case of the diphenacetyl derivative, the agreement between 
the experimental and calculated molecular volume is very satisfactory; 
and the numbers found for the diacetyl and monophenacetyl compounds 
do not point to any association of their molecules. The calculated 
value in the case of the monoacetyl compound is. in close agreement 
with the theoretical (experimental, 209*1 j calculated, 209*8), but has 
not been included in the table, as our preparation was not pure. 

Conclusions. 

The results which we have obtained in the examination of these 
compounds are plotted in Fig. I (p. 1106) in the form of curves, showing 
the variation of specific rotation with temperature. It will be seen, in 
the first place, that the rotations of the acetyl and phenacetyl deriva- 
tives behave quite differently, the fomaer having a positive, and the 
latter a negative, coefficient, but this does not necessarily indicate 
some radical difference of properties of the substituting groups. These 
compounds may rather be regarded as extreme members of a series 
in which the temperature-coefficient, at first positive, gradually de- 
creases, and ultimately becomes negative. The coefficient for diethyl 
di-monpchloroacetyltartrate is, like that of diethyl diacetyltartrate, 
positive, whilst that of diethyl di-dichloroacetyltartrate is positive, but 
only very small (Frankland and Patterson, loo, cit),and probably that 
of the di-triohloroacetyl compound, if it could be prepared, would be 
found to be negative, like that of the phenacetyl derivative. 

It is noticeable that the coefficient of the monoacetyltartrate is 
greater than that of the diaoetyl compound, this applying also to the 
phenacetyl derivatives, for the coefficient of the di-substituted com- 
pound is, in this case, more negative than that of the mono-substituted 
derivative, and we have, therefore, in the monoacyl series, the same 
regularity as before, namely, a considerable positive coefficient chang- 
ing gradually on passing through acetyl, monochloroacetyl, tri- 
chloroacetyl (which has almost reached insensitiveness, but whose 
coefficient is slightly positive), to phenacetyl, whose coefficient is 
negative and large, 

VOL. LXXVII. 4 F 


Mol. wt. 
d 1674°. 
290 

Diethyl diacetyltartrate 

324 

„ monophenacetyl tartrate 

442 

„ diphenacetyltartrate ... Dl793 
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WitH the data now available, a table can be drawn up of tke mole- 
cular rotations of the diethyl monoacyltartrates as follows : 


[M]f. 

Diethyl tartrate +15*86° +27*6° 

„ monoacetyltartrate, 23*1 33’5 

„ mono-monochloroacetyltartrate 32-3 48*9 

„ mono-trichloroacetyltartrate . . . 54*7 61*7 

„ monophenacetyltartrate 98*5 77*8 

„ monobenzoyltartrate 61*4 54*8 

„ mono-o-toluyltartrate 382 35-3 

„ mono-m-toluyltartrate 44*0 40*8 

„ mono-^toluyltartrate 63’5 51*2 


So far, therefore, as qualitative effect on the rotation is concerned, 
the introduction of each of these radicles into the diethyl tartrate 
molecule is similar — the rotation is increased. This is also the case in 
the menthyl series quoted above, but from a quantitative point of 
view it is obvious from the figures in the table that the regularities 
observed in the glycerate and menthyl series are not found here, 
inasmuch as the toluyl groups have a greater effect on the rotation 
than the acetyl, but a less effect than the phenacetyl radicles. 

In relation to the variation of rotation with temperature, there is a 
distinct difference to be noticed in the behaviour of these substances- 
The temperature-coefficient in the case of the monoacetyl-, mono- 
monochloroacetyl-, and mono-trichloroacetyl-tartrates is, like that of 
diethyl tartrate itself, positive, whereas, with the others tabulated, it 
is negative. Of the latter, the greatest diminution of rotation with 
rise of temperature is shown by the phenacetyl compound, which, 
therefore, in this respect, shows a much greater divergence than even 
the toluyl derivatives from the behaviour of the acetyl compound. 

Passing now to the diacyl derivatives, we have the following data i 


Diethyl tartrate 

[MP"’. 

+ 16-86° 

+ 27-6“ 

>> 

diacety Itartrate . . 

+ 9-9* 

+ 18-3 

ff 

di-monochloroacetyltartrate 

+ 26-6 

+ 39’4 

It 

di-dichloroacetyltartrate ... 

+ 66-8 

+ 68-9 

tt 

diphenacetyl tartrate. 

+ 79-2 

+ 39-9 

ft 

dibenzoyltartrate 

-247-1 

-261-6 

tt 

di-o-toluy Itartrate 

-266-5 

-241-9 

ft 

di-m-toluyltartrate 

-306-3 

-281-7 

tt 

di-jp-toluy Itartrate..- 

-484'4* 

-397-7 


Calculated. 


4 F 2 
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A comparison of the molecular rotations of the diacyl compounds 
shows, in the first place, a striking qualitative difference between the 
first four derivatives of diethyl tartrate and the last four in the table; 
a division into two classes thus seems to be indicated, as in the case of 
the glycerates already quoted. At the same time, however, the acetyl 
and phenacetyl radicles have a different quantitative effect, for the 
introduction of the two acetyl groups somewhat diminishes the 
positive rotation of diethyl tartrate, the two benzoyl * and the two 
toluyl groups exert a very great influence in the same direction, 
whilst the two phenacetyl groups cause a slight increase in the 
positive rotation. 

With regard to the effect of temperature, it will be noticed that in this 
senes, the phenacetyl compound t has a negative temperature-coefficient 
but those of the toluyl and acetyl derivatives are positive. In the 
monoacyl series, it might be said that the phenacetyl and toluyl 
radicles have a similar function; exactly the opposite may be 
concluded in this diacyl series. 

It would appear, therefore, that in one series of similar compounds 
the phenacetyl and toluyl derivatives behave alike, but in another 
differently, and that the data given seem as yet to be capable of no 
generalisation. This, however, is not the case, for, in fact, a much more 
comprehensive regularity than is at first sight apparent can be shown 
tb exist. This is noticed if we compare the effect produced by the 
introduction of one acyl group into the diethyl tartrate molecule 
with that produced when two such groups are introduced. In every 
case so far examined, the rotation has been increased when one acyl 
is substituted for the hydrogen of one hydroxyl group, but when the 
the other hydroxyl is replaced by another acyl, then the 
positive rotation of the monoacyl derivative is diminished. The 
extent of this diminution varies greatly with the nature of the 
substituting acyl radicle; thus, with phenacetyl, the diminution is not 
so great as was the first increase, with acetyl the decrease is a trifle 
greater than the first increase, but with benzoyl and toluyl the 
diminution is so great that the diacyl compounds have a very high 
Isevorotation, This regularity is clearly exhibited by the diagram 
(Fig, II, p. 1109) in which the abscissae are taken proportional to the 
molecular weights of the compounds.J The lines in this table have 

* The benzoyl compounds have been introduced in the tables in order to show 
how they dompare with the toluyl derivatives. . 

t This applies also to the benzoyl compound between the temperature limits 20® 
and 100®. 

di-p-tolnyltartrate falls outside the table (at - 484® for mofeouUr 
448,) but ffie inclination of the line shown is correofc. ' 
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Fig. IL — Comparison of the Molecular Rotations at 20° of Diethyl 
Mono- and Di-acyltartrates, 
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no direct meaning, they merely serve to connect the three points, but 
it is seen clearly by their resemblance — ^initial rise and subsequent fall 
— that these acyl groups exert a similar qualitative influence, 

Yorkshiee College, 

Leeds. 


0 . — Estimation of Atmospheric Oa/rbon Dioxide, 

By James Walker. 

When atmospheric carbon dioxide is estimated by means of Petten- 
kofer's method in its ordinary form, the results are often irregular 
and almost invariably too high from absorption of carbon dioxide 
from expired air during the process of titration. Many modifications 
have been proposed for avoiding this and other sources of error. For 
an account of these and for valuable accurate original observations, 
reference may be made to the memoirs of Blochmann {Annalen^ 1887, 
237, 39) and of Letts and Blake (Froc, Eoycd Dublin Soc,, 1900, 9, 
107). 

The following modification, which I have used for some time, can 
be worked without any special appliances, and gives results which 
have an accuracy of 0*1 part in 10,000 under ordinary circumstances, 
whilst permitting the analysis of air containing any quantity of 
carbon dioxide from 0 to 40 volumes in 10,000 without any alteration 
in the mode of working, 

The solutions employed are decinormal hydrochloric acid Which has 
been exactly standardised, and a clear solution of baryta, the strength 
o| wfefeb ^^^tively to the hydrochloric acid is accuKitely known. The 
barytWfiiiution is most conveniently made about 0*02 normal, and is 
kept in a stock bottle with a 50 c.c. burette attached, as described in 
Ostwald's Fhy8ieochemi<^d M^asu^ernents, pp. 88 and 250. 

The bottle in which the sample is collected is a clean, dry Winchester 
quart, the capacity of which has been previously determined. This 
bottle may either be furnished with a rubber stopper and tubes as 
described below, or with its own ground glass stopper covered with 
a very thin film of a stiff grease. In the latter case, immediately 
before the determination is to take place, the glass stopper is rapidly 
exchanged in the open air for a rubber stopper through which pass 
K two glass tubes, about 7 mm. in diameter. The longer tube reaches 
to the bottom of the bottle; the shorter tube ends internally 
: fiush with the stopper. Both tubes project externally about 2 inches, 
and are provided with stopcocks at slightly different levels so as to 
^^rait of convenient manipulation. There is permanently attached to 
end of the longer tube a piece of rubber tubing 1 inch in 
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length which serves to connect it with the jet of the baryta burette. 
This jet is best constructed of barometer tubing very slightly tapered 
^nd cut off square at the end. Fifty c.c. of baryta solution, which will 
suffice for 40 vols. of carbon dioxide in 10,000 vols. of air, are slowly 
run in with both stopcocks open. The rubber is then detached from 
the jet and compressed by the fingers in order to force the baryta 
solution which may remain in the tube down below the level of the 
stopcock. Both stopcocks are then closed, and the bottle, which is 
allowed to lie on its side, is agitated from time to time. 

While the absorption of the carbon dioxide is in progress, an asbestos 
filter is prepared. The best form to use is a Soxhlet cuprous oxide 
tube, which is fitted into a filtering flask of about 200 c.c. capacity by 
means of a rubber stopper. A very small quantity of asbestos well 
teased out is pressed down over the capillary portion of the tube, the 
filter pump is then turned on, and several fills of distilled water run 
through the tube. When the pump is running at full speed, the water 
should flow from the filter tube in a continuous stream, but should only 
drop slowly when the suction is slight. After a little practice has 
been acquired, the preparation of a satisfactory filter only occupies a 
few minutes. 

If the bottle has been repeatedly agitated, the absorption of the 
•carbon dioxide may be regarded as complete in 15 minutes, and the 
filtration may take place. Ten c.c. of hydrochloric acid solution are 
introduced into the empty filtering flask by means of a pipette which 
is always used for the same purpose ; the filter tube is fitted in, and 
the flask, resting on the sole of a retort stand, is clamped firmly by 
the neck. The bottle is now clamped in an inverted position on the 
same retort stand about 8 inches above the top of the filtering tube. 
Into this there is fitted a rubber stopper, through which passes a 
short glass tube, connection with the shorter tube of the bottle being 
completed by means of a piece of rubber tubing I* inch in bore, 
I in diameter, and about 8 inches in length. The filter pump is now 
turned on, and the stopcock of the shorter tube slowly opened. The 
barium carbonate remains bn the asbestos, and the clear baryta 
solution which passes through is at once neutralised by the hydro- 
chloric acid. When all the liquid has been filtered, the pump is 
allowed to act for a few moments so as to partially exhaust the bottle* 
The stopcock of the shorter tube is then closed. 

Meanwhile 100 c.c. of distilled water, which always contains carbon 
dioxide in solution (compare Letts and Blake, loc. ciL, 125; Walker 
and Gormack, this voL, 8, 11), is neutralised by adding to it phenol- 
phthalein, a little barium chloride solution, and then baryta solution 
until an incipient pink colour is produced. Into this prepared wash- 
water, contained in a small beaker, the end of the longer tube is 
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dipped, and the stopcock opened. The bottle being partially exhausted, 
water flows up the tube into the interior. When 20 — 30 c.c. have 
entered, the stopcock is closed. The bottle is then undamped, and 
thoroughly rinsed by rotating and shaking while in a horizontal posi- 
tion. After the bottle is replaced in the clamp, the stopcock of the 
shorter tube is opened, and the wash-water allowed to filter into the 
flask. This process of washing is twice repeated. At the third wash- 
ing, the prepared water is not in general turned pink when the bottle 
has been rinsed, showing that no baryta remains. Air is now ad- 
mitted and the flask detached. The contents may be titrated with 
the standard baryta solution directly in the flask, but I have found it 
more convenient to transfer them to a porcelain casserole before 
titration. When the point of neutralisation is almost reached, the 
flask is washed out with a portion of the nearly neutralised liquid, and 
the neutralisation then completed. 

The mode of calculation may best be seen from the following 
example. 

Ten c.c. of decinormal hydrochloric acid required 50*80 c.c. of the 
baryta solution for neutralisation. One c.c. of baryta solution there- 
fore corresponded to 0*2205 c.c. of COg at N.T.P. 

' The capacity of the bottle used was 2650 c.c., and the teinperature 
of collection 16®. Fifty c.c. of baryta were introduced into the 
bottle, so that the air remaining in the bottle was 2660 60 = 2600 co. 
After absorption of the carbon dioxide, the baryta was filtered and 
washed into 10 CwC. of decinormal HCl, which then required 4" 50 c.c* 
of baryta for complete neutralisation. There were thus used alto^ 
l^h^ 50*00-|-4*50=i54*50 c.c, of baryta solution, 50*’80 of which 
by the hydrochloric acid, giviug 3*70 as the remainder 
i^trallsed^^ 1^ the carbon dioxide contained in the air examined. 
For the proportion of carbon dioxide in the air we have then 


3*70 X 0*2205 x 10540 
2600 


3*31 vols. COg in 10,000 vols., 


10,540 being the volume occupied at 15° by 10,000 vols. air at 0°, 

In order that a comparison of Pettenkofer's original process and 
the modified method may be effected, I give a few results in which 
bcth modes of analysis were adopted, the samples being collected 
simultmieously. For the Pettenkofer values I am indebted to Mr. 
^ohn Foggie, who has had a very large experience of the method* 

T t,,. ; \ Fettokofei^s meth^ Modified method. Difference. 

■4*4. 3*7 "0*7 

■■■ 4^1 . - , , \ 3-5 ' 0*6 

' 516 * 4 ; - 26*2 ■■ ■ 0*2 
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These numbers reproduce almost exactly the differences found by 
Haldane and Pembrey between the Pettenkofer bottle method and 
their own gravimetric method {BhU. Mag.^ 1890, [ v ], 29, 306). 

In order to test the modification directly, several blank experiments 
were made. The experimental bottle was filled with air perfectly free 
from carbon dioxide, and the whole process of estimation gone through 
exactly as above described. In three experiments, the quantities of 
carbon dioxide found were 0*09, 0*02, and 0*05 vol. in 10,000 vols. of 
air. Again, 1*89 c.c. of carbon dioxide measured at 19° and 761 mm., 
corresponding to 1*77 c.c. at IT.T.P., were introduced into the vacuous 
bottle which was then [filled with air free from carbon dioxide. The 
quantity of carbon dioxide found by analysis was 1*78 c.c. at N.T.P., 
the error being 0*04 vol. in 10,000 vols. of air. 

It is thus apparent that the method under the above conditions 
gives results which have certainly an error amounting to less than 0*1 
part in 10,000, whilst permitting estimations up to 40 vols. in 
10,000. Greater accuracy could no doubt be obtained by using con- 
siderably more dilute solutions, but the range of the method would be 
thereby limited. It is possible, as Mr. Poggie showed in some special 
experiments, to work the process accurately in bottles of only 1 litre 
capacity, a great convenience when many samples have to be collected 
at a distance from the laboratory. In this case, it is expedient to use 
twentieth normal hydrochloric acid and hundredth normal baryta. 
The time occupied in the analysis of a sample is generally less than 
half an hour. 

With respect to the action of baryta solution on glass or rubber, 
which has been proved by various experimenters to affect the titre 
of the solution, it may be said that the error due to this cause is 
negligible in the above mode of working, the time during which 
the baryta is in contact with the bottle being too short for appre- 
ciable action, at least in the case of bottles which have been pre- 
viously used for the same purpose. 

If, as sometimes happens when the air is collected in factories or 
workshops, the temperature of collection is greatly above the atmo- 
spheric or laboratory temperature, a correction must be made for the 
amount of carbon dioxide which enters with the atmospheric air when 
the pressure is adjusted by opening the bottle before analysis. This 
correction may easily be calculated on the assumption that the external 
air contains 3 vols, in 10,000, and only amounts to 0*1 vol, for 
difference in temperature. The* rapid substitution of the rubber 
stopper for the glass stopper does not appreciably affect the result, 
as the following example shows. Two samples were collected simul- 
taneously, one bottle being provided with the rubber stopper and 
tubes, and the other with a glass stopper. The results of the analyses 
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were 13*00 and 12*93 respectively, the difference being 0*07 vol. in 
10,000. I have also found that the samples may be safely left for 24 
.hours before analysis, whether a rubber or a glass stopper is used. 

Univeesity Couqege, Dundee. 


Cl . — Periodides of Substituted Oxonium Derivatives, 

By J. N. Collie, F.E.S., and B. D. Steele, B.Sc. (Melbourne), 
1861 Exhibition Scholar. 


The property of forming salts with acids possessed by oxygen com- 
^pounds, such as dime thy Ipy rone, trimethylpyrone, (fee., has already 
-been pointed out (Trans., 1899, 75, 510), and the similarity of these 
substituted ‘‘oxonium" compounds to the corresponding substituted 
ammonium compounds commented on. The present communication 
-deals with the preparation and properties of some pyrone periodides. 
These compounds are crystalline substances, insoluble in water, and 
* resembling in a marked degree the periodides of the pyridine bases. 

Buring the iayestigation of the salts of tetramethylpyrone, it was 
noticed that when the solution of the iodide was allowed to evaporate 
*in the air, brownish crystals slowly separated out, which were hardly 
soluble in water, and differed entirely from tetramethylpyrone 
iodide, which ie a ver^^ soluble salt. The crystals gave off iodine 
heated, also they were reconverted into dimethylpyione when 
5 treated *^tli soda. That the substance was a periodide seemed evi- 
dent from its properties, as it resembled the insoluble periodides of such 
nitrogen bases as those of the pyridine series and the alkaloids. This 
Jdea was confirmed by the fact that when free iodine in a potassium 
iodide or hydriodic acid solution was added to a tetramethyl- 
pyrone salt, an immediate precipitate at once formed. These period- 
ides were found to have the following constitution : 


dimethylpyrone. (CyHg 02 ) 2 ,HI,l 2 , periodide. 
tetramethylpyrone >> 

^^That substituted oxonium compounds form periodides in an exactly 
to substituted ammonium compounds is of some in- 
affords evidence of the similarity of complex oxygen bases 
bases. 

. iodine on the salts that dijnethylpyrone forms with 
Simh as sp<hum .and .bw hydroxides, was also investi- 
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gated. The reaction, however, proceeds in a quite different manner, 
and the chief product is an oxidised iodine compound, (Ci^HYOgl), 
which, like the periodide, is almost insoluble in water. 

The compound, however, is not an ordinary iodide, for it does hot 
lose iodine even when dissolved and warmed in a solution of sodium 
hydroxide or ethoxide. Acids such as hydrochloric or sulphuric, however, 
at once liberate iodine from it. At present, we are unable to explain 
the rather remarkable properties of this iodine compound ; it may, 
perhaps, be formed by the following reaction : 

O^HgOgBaO + 2 I 2 « O^H^Ogl + Bal^ + HI. 

The hydriodic acid thus liberated would decompose a further quan- 
tity of the barium salt into barium iodide and dimethylpyrone. 


EXPBRIMENTAIi. 

Dimethylpyrone Periodide^ ( C7Hg02)2HI,l2. 

This compound is formed as a crystalline, orange-red precipitate 
when a solution of iodine in hydriodic acid is added slowly to an 
acetic acid solution of dimethylpyrone. When first precipitated, it is 
practically pure, and after drying rapidly in a desiccator melts at 
112—114° with decomposition and liberation of iodine. It may be 
crystallised from glacial acetic acid, and after crystallising three times 
its melting point is unchanged. 

The compound is very unstable, losing iodine slowly if exposed 
to the air or in a desiccator, and very rapidly at 60°, whilst it 
is immediately decomposed by water, iodine being liberated. Part of the 
iodine, approaching two-thirds of the total, can be estimated by means 
of sodium thiosulphate. A large number of titrations of the free 
iodine were made, and it was found that in specimens that had 
been kept for some time the percentage of iodine, as found by 
titration with thiosulphate, was low, sinking to 36*5 per cent, and 
32*8 per cent. Specimens that had been prepared and dried as 
rapidly as possible, gave I « 37*8 per cent, as the mean of six 
analyses, the amount of free iodine calculated for a substance of 
the formula being 40*1 per cent. , 

In the estimation of total iodine by silver nitrate, it was also 
found necessary to use samples which had been recently prepared, 
otherwise the percentage of iodine was found to be low. 

OT797 contained 0*1080 total iodine. I » 60*1. 

0*2386 „ 0-1437 „ . „ I « 60*3. 

0*2372- gave 0*2327 OOg and 0*0612 HgO. 0*26*7; H*2*8. 

OiA^O^Ig requires 0«26*6; 11*2*7; I « 60*4 per cent 
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Tetrcmeihylpyrone Periodide, (0 

This is thrown down in the same manner as the preceding com- 
pound when iodine dissolved in hydriodic acid is added to an acetic 
acid solution of tetramethylpyrone. When first precipitated, it is finely 
crystalline, and contains a variable amount of free iodine ; this may 
be removed and the substance purified by crystallisation from glacial 
acetic acid. Thus crystallised, it occurs in dark olive-brown, lustrous 
forms, and, whilst undergoing decomposition with loss of iodine, 
is not so unstable as the corresponding dimethylpyrone derivative, 
although, like the latter, it is immediately decomposed with liberation 
of free iodine when added to water or dilute acids. It melts at 
126 — 128° with decomposition. On analysis : 

0*2962 contained 0*1052 free iodine. 1-35*5. 

(C9Hj202)2HI,l2 requires free iodine — 37*0. 

0*1914 contained 0*1048 total iodine. 1 = 55*3. 

0*1497 „ 0*0826 „ „ 1 = 55*1. 

0*2934 gave 0*3373 COg and 0*0980 HgO. 0 = 31*3 ; H = 3*7. 

0^311250^13 requires 0 = 31*4 ; H = 3*6 ; 1 = 56*5 per cent. 


Action of Iodine on th& Barium Salt of Dimethylpyrone, 

When the barium salt of dimethylpyrone, which, according to Feist 
{AnThcden, 1890, 267, 253), has the composition 0.^H3O2,BaO,4H2O, is 
suspended in alcohol, and iodine , added, reaction takes place with 
development of heat, and the barium compound dissolves ; all action 
ceases when 2 atoms of iodine have been added for each ’ atom of 
barium present. On standing for about 5 minutes and cooling, a salt 
containing barium and iodine crystallises out in slender, silky 
needles. This is soluble in acetic acid, and from the solution a sub- 
stance crystallises out containing iodine and no barium j this is 
soluble in and may be crystallised from alcohol, and then has a melt- 
ing point of 110 — IIP. 

A further yield of the same substance may be obtained from the 
alcoholic filtrate from the first crop of crystals (those containing 
barium) by largely diluting with water, when slender, needle-shaped 
crystals separate out, which, after recrystallisation from alcohol, melt 
atll0-.llP. 

The total yield of the substance is small, never reaching 50 per 
cent, of the theoretical, and since analyses prove it to be an oxidised 
impound, it is certain that the reaction which takes place is by no 



PERIODIDES OF SUBSTITUTED OXONIUM DERIVATIVES. 1117 

In the residues are found considerable quantities of a volatile sub- 
stance, probably iodoacetone, which attacks the eyes. 

The substance, after recrystallisation from alcohol, was analysed, 
with the following results : 

0*2461 gave 0*2834 OOg and 0*0606 HgO. 0 = 31*4; H = 2*7. 

0*2857 „ 0*3313 002,, 0*0700 HgO. 0 = 31*6 ; H = 2’6. 

0*1814 „ 0*1591 Agl. 1 = 47*4. 

OyH^^Ogl requires 0 = 31*6 ; H = 2*6; 1 = 47*7 per cent. 

The compound is soluble in acetic acid, alcohol, chloroform, or ether, 
and in alkaline solutions, but is decomposed by mineral acids. With 
ferric chloride, it gives a deep red precipitate. When first prepared, 
the crystals are white, rapidly becoming yellowish, the yellow colour 
deepening with age. 

On exposure to sunlight ot to bright, diffused daylight, iodine is 
liberated, the action being more marked if the specimen is moist, and 
once the action is started it proceeds slowly even in the dark. By the 
prolonged action of sunlight, the substance becomes pasty, and a com- 
pound is produced in very small quantities, which is insoluble in 
alcohol, but when crystallised from acetic acid is bright red in colour, 
and melts with somewhat violent decomposition at 187 — 190°; it was, 
however, produced in too small quantities to examine properly. 

When treated with nitric or sulphuric acid in the cold, iodine is 
liberated in considerable quantities, as is also the case on heating with 
strong hydrochloric acid. In one experiment, after boiling for some 
time with hydrochloric acid, a brown, amorphous substance was 
extracted, which could not be obtained in a crystalline condition, and 
was evidently a condensation product. Hydriodic acid gave the same 
result. 

When boiled with a strong solution of sodium hydroxide or ammonia, 
solution takes place, but apparently no decomposition, as no volatile 
products could be detected, and nothing could be isolated from the 
residues, whilst on rendering the solution faintly acid, the original 
substance is precipitated. When boiled with an alcoholic solution of 
sodium ethoxide, solution takes place, but on diluting and neutralising, 
the original substance is recovered unchanged. Whilst it is insoluble 
in water, it dissolves readily on heating in solution of potassium 
iodide. It is also soluble in the cold in strong solutions of sodium 
carbonate and sodium hydrogen carbonate, and is precipitated un- 
changed on neutralising. 

Attempts have been made without success to prepare an acetyl 
derivative. 

Barium Compound , — As already stated, the crystals which are 
first produced in the interaction of iodine and the barium salt of 



1118 PERIOBIDES OF SUBSTITUTED OXOKIUM DERIVATIVES. 

dimethylpyrone contain barium. This substance, however, is not pro- 
duced if in the preparation of the iodine compound a larger quantity 
of alcohol is employed and this is diluted with water before the 
barium compound has had time to crystallise out. 

The barium compound is immediately decomposed by acetic acid, 
and is insoluble or very sparingly soluble in water or alcohol; it may, 
however, be crystallised from a large bulk of ^boiling alcohol. As thus 
purified it consists of a mass of white, asbestos-like needles which 
rapidly become brownish- white, and if not dried rapidly lose iodine ; 
when dry, there seems to be no tendency for this decomposition to take 
place. 'When heated, the substance does not melt, but is decomposed at 
about 28D°, with much charring and liberation of iodine. The substance 
contains water of crystallisation, and the estimation of the amount of 
this presents some difficulty, as, if the substance is dried in the air, 
decomposition takes place, ^whilst if it is dried in a desiccator a certain 
amount of HgO islost. The following figures were obtained from a 
sample which had been dried as rapidly as possible in a desiccator 
over sulphuric acid. 

0-1016 gave 0*0393 BaSO^. Ba =: 22-7. 

0*0789 „ 0-0607 Agl. 1 = 41-7. 

6-1076 lost 0-0096 HgO. H20=-4-8. 

Ba{OH)2l2,0yB[3O3,2H20 requires Ba = 22-6 ; I = 42 ‘2; H^O = 5*9 percent. 

0*1879 of anhydrous salt gave 0-0763 BaSO^. Ba = 23*6. 

Ba(0H)2l2,Ci7Hg03 requires Ba = 24*2 per cent. 

From the extreme ease with which this compound is broken up, 
yielding the substance Oi^H^Ogl, it is evident that only one half of the 
iodine present is associated with the barium in the molecule. 

Action of lodiim <m the Sodium Salt qf Dimthylpyrone,"^^ 

The sodium salt prepared from dimethylpyrone and also a sample 
prepared from diacetylacetone were suspended in 99*8 per cent, alcohol 
(if 98 per cent, alcohol is used, diacetylacetone is produced) and treated 
with iodine. Two atoms of iodine only were required for each mole- 
cule of salt containing 2 atoms of sodium. From both salts, the 
compound O^H^Ogl is produced, and from neither has it been found 
possible to isolate a sodium salt corresponding to the barium derivative 
Just described. 

The action of iodine on the compound CyH302,Na0Et was also 
but no satisfactory result was obtained. 


LABORA.TOKT OF THE 
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CII . — Condensatiorb of Phenols with Esters of the 
Acetylene Senes. Part II. Action of Phenols on 
Ethyl Phenyljpropiolaie and Ethyl Acetylenedi- 
carboxylate. 

By SiEaPBiED RuHEMANKr and Beed Beddow, D.Sc., Pb.D. 

Fbom jS-hydroxycinnamic acid, two stereoisomeric ethers can be derived, 
represented by the following formula in which R denotes a hydro- 
carbon group : 

I. 05HB*(J!=0‘C02Et. 11. OeHj-Gzrzzill.COsEt. 

OR H OR 

It has recently been shown (this vol., 984) that the aryl ethers of 
ethyl )8-hydroxyoinnamate are readily formed by the union of the* 
sodium phenolates with ethyl phenylpropiolate, and that ethyl 
jS-phenoxycinnamate and ethyl ^^-oresoxycinnamate slowly solidify on 
standing, to form colourless crystals which melt about 70°. These 
facts seem to point to the conclusion that .the compounds of type I 
are first produced, but change under certain conditions into those of 
type IL The conditions which produce this change and the reasons 
why ethyl ^-o-cresoxycinnamate, described in our previous paper, and 
ethyl /S-w-cresoxycinnamate, described in this, show no signs of 
solidifying have still to be ascertained. That such a transformation 
does take place seems to be proved by a study of the compounds formed 
by the action of sodium phenolates on ethyl acetylenedicarboxylate* 
In this case, it would be expected that the union would lead to 
the aryl ethers of ethyl hydroxymaleate, thus 

OOjBfOiO-OOjEt + OjHj-OH^ 

Q*UgIl5 H 

We fi.nd, however, that on proceeding in the same way as described 
for the preparation of the aryl ethers of ethyl jS-hydroxyoinnamate, 
the aryl ethers of ethyl hydroxyfumarate are formed instead of those 
of ethyl hydroxymaleate. This has been proved by a comparison of 
these esters and their acids with the compounds which we have obtained! 
by the action of the sodium phenolates on ethyl chlorofumarate. 

The aryl ethers of hydroxyfumario acid differ from the correspond* 
ing ethers of /8-hydroxyoinnamio acid, inasmuch as the latter on heat* 
ing lose carbon dioxide and yield phenoxystyrene and its homologues, 
whilst the former are transformed into the ethers of hydroxymaleie 
acid. The members of these two classes show characteristic differ- 
ences \ the aryl ethers of hydroxymaleie acid are distinguished from 
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the ethers of hydrosyfumaric acid by their crystalline form, their 
lower melting point, their greater solubility in water, and especially 
by the circumstance that they are colourless, whilst the isomerides are 
yellow. Morever, on adding lead acetate to the aqueous solutions of 
the aryl ethers of hydroxymaleic acid, crystals of the corresponding 
lead salts separate, whilst the ethers of hydroxyfumaric acid do not 
yield precipitates under the same conditions. This behaviour is similar 
to that of lead acetate towards dibromomaleic and dibromofumaric 
acids (Bandrowski, 1879, 12, 2214; Michael, J". p*. Ghem,^ 1892, 
[u],46,7). 

Experimental. 

Ethyl ^-mrCresoxycinnamate^ OeH5*0(0*OgB[4*CB[3)*CH*002C2H5. 

For the preparation of this compound, we have used the same method 
as in the previous cases ijoc. [ciL). On adding 17*4 grams of ethyl 
phenylpropiolate to the hot magma obtained by dissolving 2*3 grams 
of sodium in excess of m-cresol, the solid disappears and a dark, 
viscous product results. This is well shaken with dilute sulphuric 
acid and ether, and the ethereal layer freed from the cresol by agitation 
with dilute caustic potash solution, washed with water, and dried 
with calcium chloride. After removal of the ether by evaporation, 
the remaining oil distils in a vacuum. The yield is almost 
quantitative. The ester boils at 217° under 12 mm. pressure and 
shows no signs of solidifying. On analysis : 

0-2033 gave 0-6710 OO 2 and 0-1165 HgO. 0^76-60 ; H=:6-38. 

O^gH^gOg requires 0 =s 7 6-69 ; H = 6 *38 per cent, 

pmrGr6$Qxy<dnncmic acid, 0 gH 5 *C(O’ 0 gH 4 * 0 Hg)t 0 H" 0 O 2 H, is ob- 
tained by hydrolysis of the ester with alcoholic potash ; after the 
alkaline solution has been freed from alcohol as completely as possible, 
by heating on the water-bath, the liquid is diluted with water and 
acidified with sulphuric acid ; the j3-wB-cresoxyoinnamic acid separates 
as an oil which “gradually solidifies. After recrystallisation from dilute 
alcohol, colourless leaflets are obtained which melt and decompose 
at 126° On analysis : 

0-2012 gave 0-6680 COg and 0-1002 HgO. 0 = 75-63 ; H = 6-63. 

requires 0 = 76*69 ; H = 5-51 per cent. 

The acid dissolves freely in ether, alcohol, or chloroform, but only 
sparingly in boiling water. Its solution in ammonia yields, with silver 
nitrate, a white precipitate of the silver salt ; this is neither changed 
on exposure to light, nor decomposed on drying at 100°. On analysis : 

; t)-2323 left, on ignition, 0*0696 Ag. Ag = 29-91. 

O^e^isOA^g requires Ag = 29*91 per cent. 
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m-Creaoxysfyrene^ 0gH5’'C(0*0gH4*CH3)ICIl2, is formed by beating 
the acid and distilling the oil which remains behind after carbon 
dioxide has ceased to be evolved. It is a colourless oil which boils ab 
167 — 168° under 12 mm, pressure and its density d 23°/23° is 1*0484. 
On analysis : 

0*1953 gave 0*6120 COg and 0*1162 ’Kp. 0 = 86*46 ; H: = 6*61. 
CjgHi^O requires 0 = 86*71 ; H = 6*67 per cent. 

" m-Oresoxystyrene, like its isomerides and phenoxystyrene, is 
decomposed by heating with dilute hydrochloric acid, and yields aceto- 
phenone and 9n-cresol. 

Action of Phenols on Ethyl Acetylenedioarhoxylate, 

In preparing the ethyl acetylenedicarboxylate required for this 
work, it was found that when the esterification was effected by using 
sulphuric acid, as described by Michael Chem»^ 1892, [lii], 46,^7), 
the yield was unsatisfactory, but that it becomes almost quantitative 
if an absolute alcoholic solution of acetylenedicarboxylic acid is satu- 
rated with hydrogen chloride, and after allowing the mixture to stand 
overnight, the product is poured on to ice, and the oil which separates 
is shaken with dilute sodium carbonate, dried with calcium chloride, 
and distilled under diminished pressure. 

Ethyl Phenoxyfvmamte^ C02C2H5-0(0'O^H5)IOH*Q0202H5. 

The union of sodium phenolate with ethyl acetylenedicarboxylate is 
effected in the same manner as with ethyl phenylpropiolate. The oil 
obtained after removal of the excess of phenol by shaking the product 
with caustic potash is fractionated in a vacuum. The larger portion 
boils at 183 — 184° under 14 mm. pressure, and is ethyl phenoxy- 
fumaratej its density d 26°/26° is 1*1274, A smaller quantity of a 
yellowish oil is also formed ; this distils over at 220--^230° under the 
same pressure, and has hot been further examined* Ethyl phenoxy- 
fumarate was analysed, with the following results : 

0*1963 gavy<)*4649 OOg and 0*1063 HgO, 63*62 ; H:«6*99, 
O14H13O5 requires 0= 63*63 ; H« 6*06 per cent, 

Fhenoocyfmi(mc O02H*O(O*0gIl5):0H;*OO2H.~On boiling the 
ester with alcoholic potash on the water-bath for 1 hour, hydrolysis 
takes place, and after evaporation of the alcohol, a solid is left behind 
which readily dissolves in water. Prom the alkaline solution, the acid 
is partially precipitated by dilute sulphuric acid, whilst the remainder 
is extracted with other. The acid dissolves freely in alcohol or ether, 
and crystallises from boiling water in yellowish plates which retain their 

rOL. LXXVII. 4 G 
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colour, even after frequent recrystallisation and the use of animal char- 
coal. Phenoxyfumaric acid melts and decomposes at 215°, becoming 
dark a few degrees below this. On analysis : 

0*2000 gave 0*4237 COg and 0*0727 HgO. 0*57*74 j H*4*03. 

O^QHgOg requires 0*57*69 ; H*3*84 per cent. 

On adding silver nitrate to a solution of the acid in ammonia, a 
white silver salt is precipitated ; this can be .dried at 100°, but decom- 
poses suddenly on heating to a higher temperature. On analysis ; 

0*2630 left, on ignition, 0*1338 Ag. Ag = 60*87. 

CioHg 05 Agg requires Ag * 51 *1 8 per cent. 

Phmoxyfwmm^amidei OONB[2'0(0'OgH5)ICH*0017H2, separates as a 
white solid on allowing ethyl phenoxyfumarate to remain in contact 
with strong aqueous ammonia for 2 days. It is sparingly soluble 
in alcohol, but dissolves in a large quantity of boiling water, and 
crystallises in small, colourless prisms which melt at 235° to a brown 
liquid. On analysis : 

0*1966 gave 24 c.c. moist nitrogen at 26° and 760 mm, 17 * 13*61. 
igOglTg requires 17 = 13*69 per cent. 

P^da5yma?Mcac2cZ,C02H*C(0*06H5);OH»002H. — If phenoxyfumaric 
acid is heated in a vacuum, it partially decomposes and evolves carbon 
dioxide, but a portion distils over at 197° under about 10 mm. pressure j 
the distillate is an oil which solidifies on cooling. This substance is 
undoubtedly the anhydride of . phenoxymaleic acid ; it dissolves in hot 
water, and the solution, on cooling, deposits colourless needles ivhich 
melji at 168°, dissolve freely in alcohol or ether, and are slightly 
HI cpid^ 

. 0*2007 gave 0-4220 002 and 0*0700^^^^^ 0*67*34; H*3*87. 

0*1994 „ 0*4220 002 „ 0*0723 H 2 O. 0*67*71 ; H* 4*02. 

O^gHgOg requires 0 * 57*69 ; H = 3*84 per cent. 

On titration: 0*2080 gram was neutralised by 20 c.c. of NjlO 
sodium hydroxide, which is the calculated amount for a dibasic acid 
of the formula O^jIIgOg. In this and the subsequent titrations, the 
imide of dicinnamylphenylazimide, obtained by one of us (Trans,, 
1892, 61, 278), was used as indicator instead of litmus, which proved 
to he unsatisfactory. 

J^aiimxymale previously mentioned (p. 1120), is distinguished 

sttooisomeridej not only by its melting point and the colour, 
its towards lead acetate, since in aqueous 

the' acetate colourless needles of the lead 
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The silver salt was obtained by adding silver nitrate to the solution 
of the acid in ammonia ; it explodes on heating. 

Action of Sodium Fhenolate on Ethyl Ghlorofumwtaie, 

Although the behaviour of the ester, which is formed by the union 
of sodium phenolate with ethyl ace tylenedicar boxy late, characterises 
it as ethyl phenoxyfumarate, yet we have thought it advisable to 
supply further evidence by a comparison of this ester with the product 
of the actjion of the phenolate on ethyl chlorofumarate. 

In order to efEect this reaction, it is best to use the method which 
served for the formation of ethyl phenoxyfumarate from ethyl 
Oicetylenedicarboxylate, that is, by adding ethyl chlorofumarate to the 
hot solution of sodium in an excess of phenol, and isolating the ester 
in the manner previously descri bed. Its identity with the compound 
formed from acetylenedicarboxylic acid was ascertained from the 
boiling point and the following analysis : 

0‘1912 gave 0*4449 COg and 0*1068 Kfi. 0=^63*46 ; H = 6'14. 

requires 63*63 ; H=s=6'06 per cent. 

The properties of the acid which is formed on hydrolysis of this 
ester agree in every respect with those stated above for phenoxy- 
fumaric acid. It composition was, moreover, verified by the following 
titration ; 

0*2077 gram was neutralised by 20 c,c. of A'/IO sodium hydroxide, 
instead of 19*975 c.c. as required for a dibasic acid of the formula 

OioHgOg. 

We have also distilled this acid in a vacuum and found that the 
distillate, on recrystallisation from water, yields phenoxymaleio acid, 
identical with the specimen which we obtained from the product of 
the union of sodium phenolate with ethyl acetylenedicarboxylate* 

The6e experiments prove that the esters which are formed by the 
interaction of sodium phenolate with ethyl aoetylenedioarboxylate on 
the one hand and ethyl chlorofumarate on the other, yield the same 
acid, namely, phenoxyfumaric acid, on hydrolysis. This fact leads to 
the conclusion that the esters also are identical. This view is 
supported by the identity of the boiling points, and the fact that on 
hydrolysis of the ester a transfot'mation of the maleoid into the 
fumaroid form does not take place, since phenoxymaleic acid on heating 
with alcoholic potash on the water^bath remains unchanged. 


4 G 2 
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Ethyl o-CresodffyfumaTate, 00202B[5*C(0*0gH^*CH3)I0II*00202H5. 

Sodium o-cresolate reacts with ethyl acetylenedicarboxylate, forming 
an ester which is isolated in the same manner as in the previous cases^ 
It is a colourless oil which boils at 184 — 186° under 14 mm. pressure ; 
its density d 26°/26° is I'll 37. On analysis : 

0*1980 gave 0*4681 OOg and O'llTO Hp. 0«64'47 ; H = 6 ' 66 . 

OigHi^Og requires 0 = 64' 74 3 H = 6‘47 percent. 

On hydrolysis of the ester with alcoholic potash, the acid 
OO 2 H-O(O'C 0 H 4 *CH 3 )ICH-CO 2 H is formed; this is readily soluble 
in ether or alcohol, and sparingly so in boiling water. From the last 
solvent, the acid crystallises out as yellow spherules which melt at 
222° with an evolution of gas. On .analysis : 

0*1986 gave 0*4332 COg and 0*0790 HgO. 0 = 69*48; H = 4'41; 

Oj^HigOg requires 0 = 69*46 ; H = 4*60 per cent. 

Both compounds, the ester and the acid, belong to the fumaroid 
series, being therefore ethyl o-cresoxyfumarate and o-cresoxyfumaric 
acid, since the same substances are formed on using ethyl acetylene- 
dicarboxylate and ethyl chlorofumarate (as shown by the identity of 
their boiling points and densities). 

The composition of the ester obtained by the interaction of sodium 
cresolate and ethyl chlorofumarate was verified by the following 
analysis: 

0'1987 gave 0*4698 OOg and 0*1190 HgO. 0 = 64*48 ; H - 6 * 66 , 
requires 0 = 64*74 ; H = 6*47 per cent. 

The acid derived from this estmr gave on titration the following 
restdts : 0*2066 gram was neutralised by 18*6 c.q. of iT/lO sodium 
hydroxide, instead of by 18*62 o.c. as required for a dibasic acid of the 
formula Ol;^B[l 0 O 5 . 

Ethyl m-Cresomyfwinamte, 0O2C2H5*C(0*0gH4*0H3):0H*CO202H5. 


Since it was found that the same products are formed, whether 
sodium phenolates react with ethyh acetylenedicarboxylate or with 
ethyl chlorofumarate, the latter only has been employed for the 
preparation of ethyl m-cresoxyfumarate. The ester distils at 192° 
under a pressure of 14 mm., and its density d 26°/26° is 1*1116. On 


ee 0*4874 COg and 0*1090 HgO. 0 =64*48 ; H = 6*64. 



requires 0 = 64*74 ; H = 6*47 per cent. 

hydrolysis of the ester with 
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alcoholic potash ; it readily dissolves in alcohol and ether, bnt only 
sparingly in water. After recrystallisation from a hot aqueous solu- 
tion, it is obtained in the form of yellowish groups of needles which 
melt at 240® with an evolution of gas. On analysis : 

0*1905 gave 0*4135 COg and 0*0778 HgO. C« 59*20; H = 4*53. 

requires 0 = 59*46 ; H = 4*50 per cent, 

0*1187 gram was neutralised by 10*7 c.c. of N’/IO sodium hydroxide, 
the amount calculated for the substance being 10*69 c.c, 

m-Gre$oxymaleic Acid. — On heating m-cresoxyfumaric acid in a 
vacuum, it partially decomposes and yields a distillate which crys- 
tallises from boiling water in colourless needles melting (not sharply) 
at 208®, On titration : 

0*0765 gram was neutralised by 7 c.c. of iT/lO sodium hydroxide, in- 
stead of 6*89 c.c, as required for a dibasic acid of the formula Oi^Hj^oOg. 

Lead acetate gives with a hot aqueous solution of m-cresoxymaleic 
acid a lead salt which gradually separates in groups of needles. On 
the other hand, no precipitate is formed with w-cresoxyfumaric acid. 
These stereoisomeric acids therefore resemble phenoxymaleic and 
phenoxyfumaric acids respectively in their behaviour towards lead 
acetate. 

Mhyl ^-Gresoxyfumoirate, OO^G 2 TS^*C{O^OQ'K^*OBi^)lOTS.* 00202 ’Bi^* 

Sodium j^cresolate yields with ethyl chlorofumarate the ethyl ester 
of jp-cresoxyfumaric acid, which is isolated from the product of the 
reaction in the usual way. It distils at 191 — 192® under 12 mm, 
pressure, and its density d 26®/26® is 1*1132. On analysis ; 

0*1981 gave 0*4698 OOg and 0*1186 H^O. 0 = 64*67; H»6*66. 

OjgHigOg requires 0 = 64*74; H« 6*47 per cent* 

In conclusion, it may be mentioned that the research ou the additive 
compounds of the esters of the acetylene series on the lines indicated 
in this paper is still being pursued, 

GonviiiLB and Oaivs Coi43:.BaB, 

Cambridge. 
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OIII . — Vapour Pressures, Specific Volumes, and Critical 
Constants of Diimpropyl and Dihobutyl. 

By Stenet Young, D.Sc., and Emily C. Fobtey, B.Sc. 

A COMPARISON of tlie constants for normal and wpentane (Trans., 
1897, 71, 446 j Ptoc. Fhys, Soo., 1895, 13, 602) on the one hand, and 
for methyl butyrate and wohutyrate (Trans., 1893, 63, 1191) on the 
other, seemed to show that the deviations from the generalisations of 
van der Waals in the case of isomeric substances are intimately con- 
nected with their constitution. 

In order to obtain further light on this point, it was decided to 
prepare specimens of dKsopropyl and dwVobutyl, so as to compare them 
with the corresponding normal paraffins. 


Preparation of the Paraffins* 


Specimens of these substances were first prepared by the action of 
sodium on isopropyr iodide and wbutyl bromide respectively in 
ethereal solution. No great difficulty was experienced in the prepara- 
tion of di^^bbutyl, and the yield was fair. As the boiling point of the 
paraffin (109*2°) is considerably higher than that of isbbutyl bromide 
(92*3°), it could be separated fairly completely from the unaltered 
bromide by fractional distillation. The final purification Was effected 
bj tr^tment with a mixture of nitric and sulphuric acids, and subse- 
&aotmhal distillation through a twelve-column Young and 
Thomas dephi^mator. Owing to the partial conversion of wbutyl 
bromide into the tertiary bromide, a small quantity of hexamethyl- 
ethane is formed, but this is completely removed during the fractional 
distillation. 


It is impossible to prepare a pure specimen of dmopropyl from iso- 
propyl bromide, as the boiling points are almost the same, and on 
treatment of the mixture with nitric and sulphuric acids, bromine is 
set free, tand at once acts on the paraffin. 

Even from wapropyl iodide, the preparation is difficult and the yield 
very poor. . Thus Zander {Anncdm, 1882, 214, 167) obtained only 
the theoretical yield of diiaopropyl as against 24 per 
normal hexane from propyl iodide. 

IWi pointed out by -SHva (5er^ 1872, 6, 984), sodium has 
* on a dry ethers! solution of isopropyl iodide, and a 
’ ( added. In this case, however, propyl- 
, naturally carries away a good deal 
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of the volatile hydrocarbon. We were, however, successful in obtaining 
a sufficient quantity of the paraffin by this method. The ether and iodide 
were removed for the most part by a preliminary fractionation ; the 
rest of the ether was then dissolved out by strong sulphuric acid, and 
the dmopropyl finally completely freed from the iodide, which boils 
more than 30^ higher, by fractional distillation through a five-column 

evaporator ” still-head. Several determinations of the specific gravity 
at were made during the final stages of the fractionation, and the 
agreement between them, as well as the constancy of the boiling point, 
afforded a strong presumption in favour of the purity of the substance. 
Another small specimen, similarly prepared, had the same specific 
gravity. 

It is, however, remarkable that whilst the specific gravities of the 
isoparaffins are, so far as is known, invariably lower than those of the 
corresponding normal hydrocarbons, and whilst dmobutyl is consider- 
ably lighter than normal octane, our specimen of diisopropyl was 
found to be actually heavier than normal hexane. At the same time, 
it may . be pointed out that the specific gravities of dif^opropyl obtained 
by other observers are, with one very doubtful exception, higher than 
ours (p. 1132). 

To obtain further confirmation of the correctness of our result, it 
seemed desirable, if possible, to prepare a second specimen by an 
entirely different method. 

Diwopropyl is stated to have been prepared by a number of re- 
actions, which might be expected to yield normal hexane, but the pro- 
ducts obtained, judging from the range of boiling point given, appear 
to have been very impure. Of the methods which do not involve a 
radical change in the constitution, the electrolysis of potassium 
butyrate seemed the most promising. In order to test the method, a 
preliminary preparation of dit^obutyl from potassium tsovalerate was 
made, because it seemed probable that the yield would be better, 
whilst the loss by evaporation would naturally be far less. As there 
was no doubt about the purity of our specimen of dmobutyl, it was 
not thought necessary to spend time over the purification of the wfo- 
valeric acid by fractional distillation, and, as a consequence, the pro- 
duct obtained was mixed with small quantities of its homolbgues or 
isomerides. The object of the investigation was, however, attained, 
inasmuch as we were able to ascertain the right conditions for a 
satisfactory yield of hydrocarbon. It may be mentioned that, with 
the apparatus used, and with a strong and sjlightly acid solution of the 
potassium salt, the yield of hydrocarbon was large compared with 
that of zsobutyl wovalerate, or of isobutylene. 

The electrolytic cell was similar in principle to that employed by 
Professor Kuenen, to whom, as well as to Professor Walker, we 
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are indebted for valuable suggestions. The anode consisted of four 
rings of platinum wire about 4 cm in diameter, welded to three 
long, vertical platinum wires which passed above into a fj -shaped 
manometer tube containing mercury, which served for making 
contact. 

The anode was placed in a vessel constructed in the following 
manner. A wide-mouthed bottle was cut off a little below the 
neck, and for the bottom part of the bottle was substituted a 
porous pot of the same diameter, the surfaces of contact being care- 
fully ground and the two portions attached by an indiarubber con- 
nection. The mouth of this vessel was provided with an indiarubber 
stopper perforated with two holes, through one of which passed the 
of -shaped tube, and through the other a vertical exit tube for gases. 
The cathode, of stout amalgamated zinc, and the porous pot which 
it nearly surrounded, were placed in a wide, cylindrical, glass vessel, 
which during the experiment was cooled by ice. The current used 
was about 6*5 amperes, and the voltage nearly 10. 

A 30 to 36 per cent, solution of caustic potash was neutralised with 
isovaleric acid, and a little more acid added. The porous pot and 
outer vessel were filled with the solution, and the current was passed 
for about 3 hours in each operation. The amount of isobutylene was 
roughly estimated by absorption in bromine, after removal of the 
carbon dioxide. 

The oil from the porous cell was separated and distilled through a 
«pear” still-head with twelve bulbs, and was found to consist of 
diisobutyl, isobutyl isovalerate, and free isovaleric acid. The portion 
boiling from about 108° to 120° amounted, on an average, to about 
7*6 grams in each operation. The total quantity, 45’2 grams, result- 
ing from about 18 hours* electrolysis, was treated with potash to 
remove free acid, boiled with strong potash to hydrolyse any ester, 
washed with water, shaken twice with strong sulphuric acid, and 
finally washed with water, dried with phosphoric oxide, and distilled 
through a five-column evaporator** still-head. Very nearly 10 grams 
were collected between 109*15° and 109*2° (corr, to 760 mm.), and a 
second 10 grams from 109*2° to 109*25°. The specific gravities at 0° 
were 0*71066 and 0*71092 respectively, that of the pure specimen 
obtained from isobutyl bromide being 0*71021, Considering that the 
quantity of diisabutyl prepared was insufficient for complete purifica- 
tion by fractional distillation, the agreement may be regarded as 
satisfactory. The amount of isobutyl wovalerate was estimated by 
neiutralising the distillate from 120° to 176°, so as to remove free 
add. 
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Kahlbaum, was carefully fractionated with a ‘^pear^' still -head, 780 
grams of the acid, boiling within 0*05*^, being obtained. The strength 
of the solution, the current, and the electrolytic cell were the same ae 
in the case of potassium tsovalerate, but owing to the fact that the 
quantity of di^sopropyl formed was so small as to be almost entirely 
carried forward by the gases evolved in the porous pot, it was found 
necessary to devise a method for absorbing the carbon dioxide and 
propylene without injuring or losing the ditsopropyl. The absorbents 
finally used were a strong solution of caustic potash and strong 
sulphuric acid. The former was contained in a nearly hori^ntal 
absorption tube provided with safety bulbs at either end, and a short, 
narrow tube with a stop-cock for running ofi the liquid and separating 
any oil at the end of the experiment. The acid was contained in a 
sloping tube with eighteen small bulbs ; this was similarly provided 
with large safety bulbs and stoppered exit tube. The absorption of 
both carbon dioxide and propylene was practically complete. 

During each operation, it was found that a very small quantity of 
oil collected on the surface of the potash, and a relatively much 
larger quantity over the sulphuric acid. These were accumulated 
in separate small flasks, to be worked up when the quantity was 
sufficient. \ 

The liquid from the porous pot was not placed in a separating 
funnel on account of the volatility of the paraffin, but was distilled 
each time until the temperature reached about 98% the distillate being 
collected in a tube cooled by a freezing mixture.* This was found 
convenient, for the water that came over froze, and the oil could be 
poured from the ice with scarcely any loss. 

The sulphuric acid from the absorption tube, in the first two ox 
three oases, was diluted and distilled in a similar manner, but the 
quantity of diisopropyl was inappreciable, the distillate consisting of 
wpropyl alcohol, together with polymerides of propylene in small 
quantity, most of the latter, however, remaining behind in the distil 
ling flask* After obtaining a sufficient quantity of isopropyl alcohol 
to identify it, the treatment of the sulphuric acid was discontinued. 
There were thus, at the end of the operations, three quantities of oil 
to work up: A, that from the porous pot j B, that from the potash 
tube j 0, that from the sulphuric acid bulbs. 

A. The liquid was distilled through the five-column evaporator 
still-head until the temperature rose to 80®, in order to separate anj 
diisopropyl. The residue, kept cool by running water, was mixed 
with strong sulphuric acid, in which it dissolved completely. Aftei 
standing for some time, it was diluted, and the oil that separated wag 

^ In order to avoid loss of di^opropyl by evaporation during the various processei 
involved in its isolation, the receivers were in all cases cooled by freezing mixtures. 
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remoLOved, treated with caustic soda^ washed with water, and, lastly jr 
dried and freed from any remaining isopropyl alcohol by the re- 
peated addition of small quantities of .phosphoric oxide until the 
latter remained in a floury condition. It was then distilled from 
phosphoric oxide and fractionated with a “pear*' still-head. The 
weight of isopropyl isohutyrate, boiling from about 117° to 125°, was 
38 grams, and from this 21 grams of ester, boiling constantly at 
120*75°, was obtained. 

B. The distillate from A boiling below 80° was mixed with B, It 
was found to be almost completely soluble in strong sulphuric acid, 
and the small remaining layer boiled between 56° and 70°, mostly at 
68°, and consisted, therefore, mainly of diisopropyl. The ester, which 
separated on dilution of the sulphuric acid solution, was found to be 
practically free from diwopropyl. 

C. This oil was first distilled with steam ; the quantity that came 
over below about 90° was disappointingly small, a considerable amount of 
heavy oil, consisting, doubtless, of polymerides of propylene, remaining 
in the flask. The distillate, separated from the water and dried, was 
redistilled, and the portion boiling within about the same limits of 
temperature was collected with the dmopropyl from B. The total 
weight was only 3*4 grams. A relatively large amount of diisopropyl 
was lost in the preliminary experiments, but, even under the best con- 
ditions, 100 grams of isobutyric acid gave only 1*6 grams of moderately 
pure diieopropyl, the theoretical yield being 49 granas.^ 

The crude paraflBin was dried with a little phosphoric oxide and 
redistilled, when it boiled from 67*6° to 62*5°, the greater part coming 
over at about 68° The weight was now 2*6 grams, and the specific 
gravity at 0° was found to be 0’68ll, as against 0*6797 for the speci- 
men prepared from isopropyl iodide, when determined in the same 
small apparatus. 

The diisopropyl was redistilled three times from a little phosphorle 
oxide, the temperature not rising higher the last time than 68*8°, and 
remaining fairly constant at about 68*0° during the greater part of the 
distillation. The specific gravity at 0° had now fallen to 0*6806, and 
it is evident that further redistillation would not have lowered it below 
that found for the other specimen. Inasmuch as polymerides of pro- 
pylene were formed in presence of the strong sulphuric acid, it was 
still possible that a hexylene, boiling at about the same temperature 
as diwpropyl, might be present. It was found, however, that the 

* Dr. J. Petersen, of Copenhagen, states {BM, Acad,, roy, JDammarhf 1897, S97; 
2^, physiJcaH, Chem., 1900, 83, 99) that the yield of di^opropyl obtained by the 
^ ^©yfcmlysis of potassium wobntyrate is exceedingly small compared with that of 
^wjsro^l ^butyrate firpm the same salt, or of normal hexane from potassium 
.■.baiyratp.. 
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small residues from the later disfcillations referred to had* practically 
no decolorising action on bromine. 

The main object of the investigation was therefore attained, since it 
was proved that the specific gravity of pure diisopropyl is not really 
lower than that obtained for the specimen from isopropyl iodide. 

Thermal Constants of Diwoproptl. 

These constants were determined with the specimen from isopropyL 
iodide, that from potassium isobutyrate being too small and not suffi- 
ciently pure. 

Boiling Point 

Both hydrocarbons were distilled from phosphoric oxide immediately 
before being used for the determinations of specific gravity, vapour 
pressures, <fec. There are, therefore, several observations of the boiling 
point of each substance. 


Pressure. 

Observed. 

Temperature. 

Corrected to 760 

766-6 

57-85‘> 

68-06° 

763-9 

67-80 

68-05 

762-8 

67-75 

68-05 

763-3 

67-9 

68-16 

Mean 68*08 


Calculated from the constants for Biotas formula, the boiling point 
is 68*1 0°, and the value of dpjdt at the boiling point is 24*26 mm. per 
degree. 

Boiling pointB given bg otfier observers, 

Hame. Eefcrence. Boiling point. 

Sohorlemmer.4. Annalen^ 1867,144, 184, 68^ 

Zander Annalen, 1882, 214, 167. 68 

Bugler 1889, 22, 696, 67—69 

Eiche Am. Ohm. Phys.^ I860, [iii], 60, 426, 66— -68 

Aschan Ber,, 1898, 81, 1801, * 67—69 

Schorlemmer’s and Zander^s specimens were prepared from isopropyl 
iodide and sodium ; Engler's from whale oil by destructive distillation ; 
Exche's by heating csnanthylio acid with barium oxide, whilst Aschan's 
was separated from Baku petroleum. 
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Specific Gravity. 


The specific gravities of two different specimens were determined 
at 074 ° in a Sprengel tube as modified by Perkin ; the weighings 
were reduced to a vacuum. 

A 0*67951 

B 0-67945 

Mean 0-67948 


Specific gravities hy other olservers. 


At^ . 


Specific gravity. 

Reduced to 074 - 


Schorlemmer .... 

.. 0-6769 

at 10° 

0-6857 


0-6701 

„ 17-6 

0-6868 


0-6669 

„ 29-0 

0-6831 

Zander 

.. 0-6680 

„ 17-6 

0-6829 

Engler 

.. 0-6677 

,> 21 

0-6867 

Eiche 

, , 


0-668 

Aschan 

0-66485 

„ 17-26 

0-68173 


There is some uncertainty about the reductions to 0°, as it is usually 
not stated whether the specific gravity is referred to water at 4°, at 
07 or at the -same temperature {t) as that of the substance. We 
have assumed that the water was at 4° in each case. If it had been 
at ^7 i^he reduced specific gravities would be slightly lower ; thus 
Engler^s would be 0*6853 instead of 0*6867. 

The determination by Eiche differs entirely from all the others, but 
many of the results described in his paper, such as the existence of a 
hexane boiling at 78°, are difficult to explain, and it seems most 
improbable that diiaopropyl could be obtained from oenanthylic acid as 
he describes. Of the other results, those of Aschan and Zander agree 
best with ours, both being a little higher. 

Vapour Presswres at Low Temperatures. 


For pressures up to 320 mm., the method of Bamsay and Young 
was employed ; from 240 mm. to the atmospheric pressure, a modified 
distillation bulb provided with a reflux condenser was used. 


Press. 

Temp. 

Press. 

Temp. 

Press. 

Temp. 

Press. 

Temp. 

86-8 mm. 

-13 '5* 

64 '45 mm. 

-3-4® 

138-6 mm. 

12*6“ 

238-7 mm. 

26-65'’ 

30-4 - 

-12-45 

77-9 

+0-4 

167-2 

17-1 

259-0 

27-76 


-11-45 

92-25 

3-85 

200-2 

21-25 

278-6 

29*6 

- ■ ■■■■;■ 

- 7-4- 

112*2 

8-25 

219*8 

23-6 

299-6 

31-4 


\ 25*fl6 

324-9 

33*25 

444-2 

41-9 

691-4 

60-4 


27-70 

862*8 

86-25 

488-8 

44-66 

646-6 

63-3 

1 

| ; 80 -^ 

403-2 

39-2 

638-7 

47-55 

694-8 

65-36 
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The vapour pressures at high temperatures were determined with 
the pressure apparatus employed in previous researches. The observed 
pressures (the mean of four readings in each case), together with those 
read from the curves constructed from the observations at low tem- 
peratures, and also the pressures calculated by means of Biot's 
formula, 

log.j)=a + 6a® + c/5*, 

are given in the following table. 

The constants for Biot's formula are : 

a =14*002278 

-.10*646849 log. 6 = 1-0271804 

c=- 1*699429 log. c=0*2303031 

log. a=T-99979200 
log. /8=T'99633068 
^=f<7+10. 


Vapour pressures. 


Tem- 

perature. 

Dynamical 
method 
from curve. 

Statical 

method. 

Calculated 
from Biot’s 
formula. 

Tem- 

peiatore. 

Statical 

method. 

Calculated 
from Biot’s 
formula. 

-10® 

46*20 mm. 


46*4 mm. 

140“ 

6717 mm. 

6697 mm» 

0 

76*96 


76-05 

160 

6884 

6879 

10 

128*46 


122*26 

160 

8266 

8284 

20 

190*66 


189*4 

170 

9806 

9781 

80 

285*1 


288*8 

180 

11686 

11686 

40 

411*6 


412*6 

190 

13475 

13619 

60 

684*8 


684*1 

200 

16698 

16762 

60 


807 mm. 

806*8 

210 

18208 

18268 

70 


1098 

1090*8 

216 

19848 


SO 

■ 

1444 

1444*8 

220 

21009 

21062 

90 


1876 

1880*9 




100 


2411 

2409*7 

226 

22688 


no 


8044 

8048*0 




120 


8790 

8798*2 

227*86 

28860 

28880 

180 


4677 

4678 

(critical) 




The critical temperatwe was taken to be 227-40^, and the critical 
pressure 23,345 mm. 
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Folumes of a Gram of Liquid* 

These were determined in the pressure apparatus ; up to 160°, the 
volumes were read directly, but at higher temperatures they were cal- 
culated from observations of the volume of vapour and the total 
volume of liquid and vapour by the method previously described by 
one of us (Trans., 1893, 63, 1200). 

The observed and smoothed specific volumes and the molecular 
volumes calculated from the smoothed specific volumes are given in 
the following table. The molecular weight is taken as 85’82. 


VolvmiB of a gram and molecular volumes of liquid. 


Temp. 

Volumes of a gram 
in c.e. 

Molecular 

Temp. 

V olumes of a gram 
in C.O. 

Molecular 

Observed. 

From 

curve. 

volumes- 
in o.c. 

i , 

Observed. 

From 

curve. 

volumes 
in O.C. 

O'" 

1-4717 

1*4717 

126*30 

140 “ 

1*8744 

1*8748 

160*89 

10 


1*4909 

127*96 

150 

1*9236 

1*9240 

165*12 

.20 

: 

1*6113 

129*70 

160 

1*9813 

1*9806 

169*96 

50 

. 1'5327 

; 1*6326 

131*53 

170 

2*0482 

2*0470 

175*70 

40 

1*5561 

1 1-6647 

138*43 

180 

2*1260 

2*1266 

182*40 

m 

1*6775 

' 1-6777 

136*40 

190 

2*2149 

2*2186 

190*40 

60 

1*6018 

1 1*6019 

i 137*48 

200 

2*3394 

2*3396 

200*80 

70 

1-6270 

1-6276 

189*68 

210 

2-6070 

2*6076 

! 216*20 

SO 

1*6568 

1-6559 

‘ 142*11 

216 

2*6610 

2*6610 

228*36 

90 

1*6866 

1-6860 

144*69 

220 

2*8048 

2*8060 

240*70 

100 

; 1*7182 

1-7180 

147*44 

223 

2*9660 

2*9660 

264-65 

110 

1*7617 

1-7620 

160*36 

225 

3*1268 

3*1266 

268*80 

120 

1*7889 

1-7891 

168*64 

226*6 

3*3699 

3*3700 

289*20 

lao 

1*8307 

1-8800 

167*06 

227*4 

(criti- 

cal) 


4 * 148 ^ 

866 * 0 * 


^ By the method of Cailletet and Mathias corrected for the slight curvature of 
the diameter.” 


Volumes of a Gram of Saturated Yapom* 

Determinations were made with the pressure apparatus and by the 
sealed tube method (Trans., 1891, 69, 37 j Froc. Fhys* Soc*^ 1895, 13, 

JW)* 

r^ults are given in the table below, also the volumes of a 
i ^ead from curves constructed by plotting the logarithms of the 
r.^mst the temperatures. The molecular volumes calculated 
btiW sgeciSlo volumes are also given. 
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Volumes of a gram and moleculoi/r volumes qf sodurated vapour. 


Temperature. 

Volumes of a 

gram in c.c. 


Molecular 
volumes 
in c.c. 

Pressure 

apparatus. 

Sealed tube method. 

From curves. 

I. 

II. 

60 



879 

392 

33600 

60 



294 

290 

24900 

70 



219 

219 

18780 

80 



166 

166-6 

14290 

90 



129-0 

129-0 

11070 

100 



101-0 

101-0 

8670 

110 


76-2 

80-1 

80-0 

6866 

120 


63-0 

64-3 

64-3 

6616 

130 


61-4 

61*9 

62-0 1 

4465 

140 


40-5 


42-4 

8636 

160 


84-8 


86-4 

3040 

160 

28-4 

28-0 


28-4 

2440 

170 

23-26 

23-35 


28*30 

2000 

180, 

19-12 

19*16 


19-17 

1646 

190 

16-76 

16*64 


16-72 

1349 

200 

12-76 

12-72 


12-77 

1096 

210 

10-15 

1013 


10-14 

870 

216 

8*61 

8-64 


8*60 

738 

220 

7-576 

7-67 


7-67 

660 

223 

6-710 

6-74 


6-72 

677 

226 

6-066 



6-066 

620 

226*6 

5-400 

— 


6-410 

464 

227-4 




4-148* 

866-0* 

. (critical, ) 







* By the method of Cailletet and Mathias corrected for the slight curvature of 
the ** diameter,” 


The critical volume of a gram and the molecular volume were cal- 
culated from the critical density which was ascertained by the method 
of Oailletet and Mathias^ taking into account the fact that the ^^dia* 
meter very slightly curved* 

The densities of liquid and saturated vapour, the mean densities and 
those calculated from the formula 

Dt^OMOl - 0‘0004445^ + 0’0000000418«3 


are given below/ 

The densities of saturated vapour below BO® were calculated from 
the vapour pressures on the assumption that the vapour densities are 
normal. The density at the critical point, calculated from the above 
formula, is 0'2411 ; from the simpler formula, 

A 0-3396 -0*000433^, 
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it would be 0*2410. The difference is thus exceedingly small at the 
critical point, but would be much more marked at the lowest tem- 
peratures. 


Temperature. 

Densities. 

Mean densities 


Liquid, 

Saturated 

vapour. 

Observed. 

Calculated. 

A X 10* 

or . 

0-6795 


0-3399 

0-8401 

+ 2 

10 



0-8367 

0-3367 

0 

20 

0-6617 


0-3313 

0-8312 

-1 

30 

0-6626 


0*3269 

0*3268 

-1 

, 40 

0*6432 

0-0018 

0-3225 

0-3224 

-1 

60 

0-6338 

0-0026 

0-3182 

0*3180 

-2 

60 

0-6243 

0*0034 

0-3138 

0*3136 

-2 

70 

0-6144 

0-0046 

0-3096 

0*3092 

-3 

80 

0*6039 

0*0060 

0*3060 

0-3048 

-2 

90 

0-6931 

0-0077 

0-8004 

0-3004 

0 

100 

0*6821 

0-0099 

0-2960 

0*2960 

0 

110 

0-5708 

0-0125 

0-2916 

0-2917 

+ 1 

120 

0-6589 

0-0156 

0-2878 

0*2874 

+ 1 

130 

0-6464 

0*0192 

0-2828 

0*2830 

-i-2 

140 

0-6384 

0-0236 

0-2786 

0*2787 

+ 2 

150 

0-5197 

0-0282 

0-2740 

0*2743 

+ 3 

160 

0-6049 

0-0362 

0*2701 

0*2701 

a 

170 

0*4886 

0*0429 

0-2667 

0-2667 

0 

180 

0-4706 


0*2614 

0*2614 

0 

190 

0-4608 

0*0636 

0*2672 

0*2671 

-1 

200 

0*4274 

0-0784 

0-2529 

0-2629 

0 

210 

0-3988 

0-0986 

0*2487 

0-2486 

“1 

216 

0-8768 

0-1163 

0*2460 

0-2460 

0 

220 

0*8566 

0*1321 

0-2443 

0*2443 

0 

223 

0-3372 

0-1488 

0*2430 

0*2481 

+1 

226 

0-3198 

0-1650 

0*2424 

0-2422 

"2 

226*6 

227*4 

0*2967 

0-1849 

0-2408 

0-2416 

0-2441 

•b7 


Thbemal Constants of Bi&obutyl. 

The constants were determined with the specimen prepared by the 
action of sodium on isobutyl bromide. 




Pressure, 

748-66 

752-3 

746-6 



Boiling foint. 

Observed. 
108-65° 
108-86 
108-6 


Temperature. 

Corrected to 760 mm. 

109'2° 

109-2 

109-25 


Mean 109-2 

foronla, p. = 109-2°j dpjdtp*20‘9 nun. per degree 
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Boiling points given hy other observers : 

Boiling Point. 

Corrected to 

Name. Reference. Observed, 760 mm. 

Kolbe Annalen, 1849, 69, 259 108® 

Kopp Annalen, 1855, 95, 335 108-5® at 747*5 109*1 

Thorpe ... Trans., 1880, 37, 219 108-2— 108*7° at 748-2 108*53 

Schiff ... ... Annalen, 1883, 220, 88 107-8— 107*9® at 751*4 108*25 

Williams .. Annalen, 1879, 35, 125 108-2® at 745 108*9 

Pawlewski Ber., 1883, 16, 2634 107*5 


Kolbe’s specimen was obtained by the electrolysis of potassinin iso^ 
valerate. Most, if not all, of the others were prepared by the action of 
sodium on isobutyl bromide or iodide. Kopp^s result agrees best with 
ours. 

Specific gravity. 

Temperature. Specific gravity, 

0®/4® 0-71021 

ll*9°/4° 0*69996 

Specific gravities determined hy other observers. 


Name. Reference. Specific gravity 

at r. Calculated at 0'’/4*. 

Kolbe -Jahresh, 1848, 1, 559 0*6940 at 18° 0*7091 

Wurtz 1855, 8, 576 0*7057 

Kopp he, cit. 0*7135 

Williams he, cit, 1 0*7085 

Schorlemmer...J'a/ir(5s6., 1867, 20, 567 0*698 at 16*5° 0*7119 

Thorpe he, cit, 0*7111 

Sohiff he, cit, 0*7001 at 12-l°/4° 0*7103 


Most of the above results are in fair agreement with ours, that of 
Schiff differing only slightly. 


Vapour pressiires at low temperatures. 


Press. 

Temp. 

Press. 

Temp. 

Press. 

Temp. 

Press. 

Temp. 

8'70mm. 

8-65" 

16-66mm. 

14*86'* 

88 -16 mm. 

29*86* 

84*8 mm. 

47*3* 

9*60 

4-76 


16*7 

45-36 

38*46 

96*2 

60*3 


6-76 

22-4 

19-66 

63-86 

S7'16 

108*8 

63*3 


8*6 

28-4 

24-2 

61 •86 

40-06 

122*6 

66*16 

13*9 

11*2 

82*36 

26-66 

72^6 

1 48-6 

138*46 

69*1 

168-25 

62*05 


73-95 

873 2 

86*0 

662*2 

98*26 

177*66 


278-3 

77*26 

410-8 

88*9 


msBM 

197-6 

67-86 


Eliitn 

466*3 

92*15 

667-0 

104-26 

221-8 

ingiiii 

339-6 

88*06 

601*5 

96*2 

716*2 

107-2 


4 H 


VOL. LXXVII. 
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Constamtsfvr Biot's fwrrmla, 
a = 2-918091 

6= 0-846986 log. 6=1-9278763 

c- -2-628903 log. c = 0-4197746 

log. a =0-00104426 
log. /8= 1-99619776 
i = iO^-.10 

Yapow presswea. 


Tem- 

perature 

Dynamical 
method 
from curve. 

Statical 

method. 

Calculated 
from Biot’s 
formula. 

Tem- 

perature. 

Statical 

method. 

Calculated 
from Biot’s 
formula. 

0“ 

_ 


7*11 

160“ 

2116 

2118*2 

10 

13-0 


13*0 


2646 


20 

23’05 


22*77 

170 

3243 

3281*3 

80 

38-5 


38*19 


3938 

3980*2 

40 

61*8 


61*68 

190 

4740 

4738*0 

60 

95-95 


96*19 

200 

6670 

6666*6 

60 

145-2 


145*35 

210 

6738 

6729-6 

70 

218-3 


218*3 

220 

7937 

7941 

80 

305-5 


304*9 

280 

9312 

9319 

90 

426-6 


425*6 

240 

10906 

10883 

100 

578-8 


581*16 

260 

12668 

12654 

110 

777-1 


777*9 

260 

14661 

14660 

120 


1020 

1022*6 

270 

16906 

16929 

180 


1319 

1322*6 

276-8 

18660 

18640 

140 


' 1686 

1684*9 

(critical) 

. 



Vbhfmes of a gram amd molecdlmr vohmes of Uquid, 


Temp. 

Volumes of a gram 

XU C.C. 

* Molecular 
volumes 

iU 0.0e 

Temp. 

Volumes of a gram 
in o.c. 

* Molecular 
volumes 
in 0 , 0 . 

Ohserv.ed, 

From 

curve. 

' 

Observed. 

From 

curve. 

0“ 



160-17 

160“ 

1-7488 

1-7447 ; 

198*48 

HKiiB 

— ' 

1*4248' 

162-08 

160 ! 

1-7.791 

1*7796 

202*44 

20 1 


1*4422 

164-07 

170 

1*8169 

1-8172 

206*72 


1'4595 


166-11 

180 

1-8678 

1-8677 

. 211*86 


1-4785 

1-4784 

168-57 

190 

1*9028 

1-9080 

216*60 


1*4975 

1-4977 

170-38 

200 

1*9526 

1*9642 

222*80 


1-6166 


172-67 

210 

2*016 

2*0120 

228*90 

1^864 

1*6376 

174-92 

220 

2*077 

2*0792 

286*66 

awe 


1*6683 

177-27 

280 

. 2*158 

2*1585 

245*66 



1*6803 

179-78 

240 

2*266 

2*2666 

256*60 


^sSStS- fiiolewilar weight was taken to be 113-76. 
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Volumes of a gram and molecular nolwmes of liquid — (continued). 


Temp. 

Yolumes of a gram 
in c.c. 

* Molecular 
volumes 
in c.c. 

Temp. 

Yolumes of a gram 
in c.c. 

* Molecular 
volumes 

Observed. 

From 

curve. 

Observed. 

From 

curve. 

in c.c. 

1 

100 

1*6044 

1-6036 

182*43 

250 

2*380 

2 3805 

270*80 

110 

1*6293 

1*6280 

185*20 

260 

2*566 

2*5560 

290*76 

120 

1*6543 

1*6540 

188*16 

270 

2-871 

2-8710 

326*60 

130 

1-6810 

1*6821 

191*36 

274 

3-187 

8-1870 

356*85 

140 i 

1-/137 

1*7122 

194*78 

276*8 

(criti- 

cal) 


4-227 1 

480*8 t 


Volumes (fa gram cmd molecvda/r volumes of satv/irated vapour. 


Temperature. 

Yolumes of a gram in c.c. 

Molecular 
volumes 
in C.C. 

Pressure 

apparatus. 

Sealed tube method. 

From curves. 

I. 

IL 

90** 



443 

460 

62400 

100 



839 

837 

38800 

no 



266 

261 

28600 

120 



194 

191 

21800 

130 



147*1 

148 

16800 

140 



117*0 

117-2 

13340 

150 



93-7 

98*8 

10620 

160 



75*3 

75-8 

8680 

170 



62*0 

62*1 

7060 

180 



61*6 

61*1 

5810 

190 


42*5 

42*2 

42*2 

4800 

200 


84*8 


34*8 

3960 

210 

28*45 

28*8 


28*7 

3270 

220 

23*91 

28*8 


28*8 

2707 

230 

19*60 

19*6 


19*63 

2234 

240 

16*07 

16*08 


16*07 

1828 

250 

13*08 

12*96 


13*02 

1481 

260 

10*31 

10*26 


10*81 

1172 

270 

7*665 

7*61 


7*67 

861 

274 

6*36 

6*86 


6*36 

723 

. 276*8 

— 



4*227 1 

480*8 t 

(critical) 


' 





* The molecular weight was taken to be 113*76. 

t By the method of Oailletet and Mathias, corrected for the slight curvature of 
the ** diameter,” 


4 H 2 
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In the following table, the calculated densities are obtained from the 
formula 

A = 0-3550 - 0-0004115f- 0*0000000592^2, 

The density at the critical point, calculated from this formula, is 
0*2366 ; from the simpler formula 

i>i = 0*3567 -0*0004:33«, 

it would be 0*2369. The difference is small, but would be considerable 
at the lowest temperatures. 


Temperature. 

Densities. 

Mean densities. 

Liquid. 

Saturated 

vapour 

Observed. 

Calculated. 

A X 10^ 

0 

n 


0*3661 

0*3550 

-1 

10 


0*0001 

0*3610 

0*3509 

-1 

20 

0*6934 


0*3468 

0*3468 

0 

80 

0-6848 

0*0002 

0-3426 

0*3426 

+ 1 

40 

0-6764 

0*0004 

0*8384 

0*3384 

0 

60 

0-6677 

0*0005 

0*3342 

0*3348 

+ 1 

60 

0-6692 

0*0008 

0*3300 

0*8301 

+ 1 

70 

0*6604 

0-0012 

0*8258 

0*3259 

+ 1 

80 

0-6417 

0*0016 

0-8217 

0*3217 

0 

90 

0*6328 

0*0022 

0-3176 

0-8175 

0 

lOO 

0*6236 


0*3138 

0*3132 

-1 

110 

0*6143 


0*809i 

0*3090 

-1 

120 

0*6046 

0*0062 

0*8049 

0*8047 

-2 

180 

0*6946 

0*0068 

0*3006 

0-8005 

-1 , 

140 

0-6841 

0*0086 

0*2963 

0*2962 

-1 

160 

0*6782 

0-0107 

0*2919 

0*2920 

+ 1 

160 


0*0182 

0*2876 

0*2877 

+ 1 

170 

0*5603 

0^0161 

0*2882 

0*2888 

+ 1 

180 

0*6383 

0-0196 

0*2789 

0*2790 

+ 1 

190 

0*6266 

0-0237 

0*2746 

0*2747 

+ 1 

200 

0-6117 

0*0287 

0*2702 

0*2703 

+ 1 

210 , 

0*4970 

0-0349 

0*2669 

0*2660 

0 

220 

0*4810 


0*2616 

0*2616 

+1 

230 


0-0609 

0*2671 

0*2673 

+ 2 

240 

0*4434 

0-0622 

0*2528 

0*2628 

0 

260 

0*4199 

0-0769 

0*2484 

0*2484 

0 

260 

0-3912 

0*0970 

0*2441 

0*2440 

-1 

270 

0*3482 

0*1322 

0*2402 

0*2396 

-6 

274 

276*8 

(critical) 

0*3187 

0-1674 

0*2380 

0*2378 

0*2366 

-2 


Theobetioal Oonclusions. 

The absolute temperatures and the molecular volumes of the two 
hydrocarbons, both as liquid and as saturated vapour, were read from 
I tfce curves at the usual series of “ reduced pressures’^; from these data, 
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the ratios of the temperatures and volumes to the critical constants were 
calculated, also the ratios of the actual to the theoretical densities of 
saturated vapour. For the sake of comparison, the ratios for normal 
and ^>opentane, normal hexane, and normal octane are added. 


Reduced 

pressures. 

Pressures. 

1 

Absolute 

temperatures. 

Molecular volumes. 

Liq_uid. 

Saturated 

vapour. 


Di4se- 

Diwo- 

Diiso- 

Diwo- 

Diwo- 

Diw- 

Diwo- 

Dmo- 


propyl. 

butyl. 

propyl. 

butyl. 

propyl. 

butyl. 

propyl 

butyl. 

0*000690 


11*0 


280*26 


161*65 



0*001474 

34 '40 

27-6 

258*2 

296-26 

— 

164-76 

— 

— 

0*002949 

68*85 

65*0 

270*86 

310-46 

— 

167*64 

— 

— 

0*006898 

1377 

110*05 

286*4 

326*2 

128*37 

171*06 

— 

— 

0*011796 : 

276*4 

220*1 

302*2 

843-76 

131*88 

175*08 


— 

0*022411 

623*2 

418*2. 

819*8 

362*6 

134*75 

179*64 

— 

• — 

0*044232 

1033 

825*4 

341*2 

386*1 

189*26 

185*79 

19760 

26900 

0*088465 

2066 

1661 

86676 

412-25 

146-71 

194*62 

10130 

18520 

0*14744 

3442 

2751 

388*5 

434-96 

162*07 

203*26 

6085 

8290 

0*20642 

4819 

8862 

404-35 

451*86 

167*68 

210*80 

4330 

6940 

0*29488 

6884 

6502 

422*96 1 

471*25 

165-06 

221*26 

2979 

4090 

0*44232 

10326 

8254 

446*0 1 

495*3 

177-60 

238*66 

1888 

2680 

0*58978 

13768 

11005 

464*26 

613*6 

191-60 

267*40 

1814 

1811 

0*73721 

17210 

18766 

479*05 

628*4 

208-76 

280*66 

967 

1812 

0*82568 

19276 

16406 

486*9 

686*3 

228-16 

300*00 

786 

1067 

0*88466 

20650 

16606 

491*76 

641*15 

236-80 

317*96 

679 

984 

0*94363 

22030 

17610 

496*16 

646*76 

26676 

344*80 

672 

778 

0*97313 

22716 

18160 

498*46 

648*0 

273-76 


605 

— 

1*00000 

23345 

18660 

600*4 

649*8 

366-0 

480*8 

866*0 

480*8 


Bedaoed 

presBures. 

Volume of saturated vapour. 



Critical volume. 

1 

1 

^ ; 

i 

1 

p 

:■ f 

1 

P 

4^ 

1 

0-044282 

68*4 

64-3 

55-6 

66-9 

68-0 

66*1 

0-088466 

27-7 

28*4 

28-4 

29*1 

28*2 

29*8 

0-14744 

16-9 

17-0 

17-1 

17*6 

17*3 

17*9 

0-20642 

12-0 

12*1 

12-2 

12*4 

12*4 

12*7 

0-29488 

8-29 

8-36 

8-87 

8-48 

8*60 

8*67 

0-44282 

5-27 

6*27 

5-30 

6-86 

5-87 

6-48 

0-68978 

8-69 

8-68 

8-69 

8*78 

8*77 

3-79 

0-7S721 

2-66 

2-68 

2-69 

2-69 

2-78 

2*73 

0-82668 

2T9 

2*21 

2*21 

2-22 

2-22 

2-23 

0-88466 

1-89 

1-90 

1-91 

1-92 

1-92 


0-94S6S 

1*68 

1*69 

1-61 

i 1*60 

1*61 


0-9T81S 

1-89 

1-40 

1-42 

1*41 

1*40 

- 

1-00000 

1*00 

1-00 

1-00 

1*00 

I'OO' 

1-00 


PeiiBitioa ofBatnrat.ed vapour. 
Theoretical density. 


6 

1 

\ 

1 

f 

I 

P 

f 

1-070 

1*069 

1*040 

1*069 

1-080 

1*099 

1-111 

1*098 

1*089 

1*108 

1*148 

1*128 

1-169 

1*166 

1*168 

1*168 

1-185 

1*167 

1*216 

1*217 

1*204 

1*218 

1*228 

1*218 

1*289 

1-294 

1*282 

1*802 

1-802 

mmm 

1-427 

1-489 

1*421 

1*446 

1-446 

1*462 

1*688 

1*610 

1*595 

1*621 

1-601 

1*617 

1*826 

1*826 

1*807 

1*851 

1-819 

1*862 

2*007 

2-010 

1*996 

2*084 

2-028 

2*049 

2*186 

2-204 

2*180 

2*219 

2-218 


2*488 

2-484 

2*460 

2-617 

2*498 

— 

2*764 

2*760 

2*69S 

2*774 



3*738 

3*762 

8-742 

8*881 

8*808 

3*868 




Absolntetempeiatote . Volnmeof Uquid 

Absolute critical temperature CritiealiTolume 
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From the foregoing tables, it will be seen that the ratios of (a), the 
absolute temperatures to the absolute critical temperatures, (o) the 
volumes of saturated vapour to the critical volumes, (d) the actual to 
the theoretical densities, are higher for the normal paraffins than for 
their isomerides ; the exceptions are slight, and are mostly near the 
critical points ; including the cases where the ratios are equal, there 
are only 4 exceptions out of 51 comparisons under a, 6 out of 33 
under c, and 8 out of 36 under d. On the other hand, the ratios (b) 
of the volumes of liquid to the critical volumes are lower for the 
normal paraffins than for the corresponding iso- or di^so-compounds ; 
the exceptions are very slight, and only number 3 out of 44. 

Comparing methyl butyrate with methyl isobutyrate, the ratios a, 
5, and c show differences in the same direction as above (exceptions, 
4 out of 18, 0 out of 18, and 0 out of 12 respectively), but the ratios 
of the actual to the theoretical densities exhibit great irregularity, 
only 6 out of 13 being higher for the normal than for the wobutyrate. 

We may therefore conclude, with regard to the ratios a, b, and c, 
that the statements made above represent general laws, but in the 
case of the ratios d the differences are too small, compared with the 
experimental errors, to allow of any very certain deduction being 
drawn. 

Lastly, it may be interesting to compare the critical and some other 
constants of the same six hydrocarbons, in order to obtain some light 
on the relative influence of the single and double zso-groups. 


Name. 

'■ 

B. p. 

760 mm. 

A 

1 

Sp. gr. 

074 “ 

A 

Crit. 

temp. 

A 

woPentane . . 
STormal pentane 
Diwopropyl . . 
Normal hexane. 
Biwobutyl . . 
Normal octahe . 

27*96“ 

86*8 

68*1 

68*96 

109*2 

126*8 

-8*35“ 

-10*86 

-14*6 

0-68930 

0-64539 

0-67948 

0-67897 

0-71021 

0-71848 

-0*00609 

+ 0*00261 

-0*00827 

187-8" 

197-2 

227-4 

284-8 

276-8 

296-2 

-9*4 

-7*4 

-19*4 

Name. 

Ofit. 

pressure. 

A 

Orit. 

density. 

A 

X>« • 
~Wc 

A 

woPentane . . 
Normal pentane 
Di^sopropyl , . 

Normal hexane . 
Biwobutyl . , 
Normal octane , 

26020 

26100 

28345 

22510 

18660 

18780 

-80 

+ 885 

-70 

0-2343 

0-2328 

0-2411 

0-2344 

0-2366 

0-2327 

+ 0*0020 

+ 0*0067 

+ 0*0089 

8*782 

8*762 

8*742 

3*831 ' 

3*808 

3*863 

-0*030 

-0*089 

-0*049 


ss the ratio of the actual to the theoretical density at the critical point. 
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Comparing the di^^obutyl and normal octane differences with those 
of normal and isopentane, it will be seen that the double iso-group 
has, in most cases, approximately twice the effect of the single in 
altering the properties. Whilst, however, the specific gravity at 0° 
and the critical pressure of the isomeride are in each case lower than 
those of the normal paraffin, the difference between the influence of 
the iso- and diiso-groups is here slight. 

A comparison of the constants for methyl isobutyrate and methyl 
butyrate shows that the differences are the same in sign, and not very 
different in amount from those existing in the case of the pentanes. 

As regards diiaopropyl and normal hexane, it appears evident that 
something beyond the mere presence of the diiso-group in the former 
substance must be taken into account, for in the comparison of their 
differences with those of the pentanes (or octanes), great irregularities 
are to be observed. Thus, the critical pressure and the specific gravity 
of diisopropyl are both higher than those of normal hexane, instead 
of lower. It is somewhat remarkable that the critical densities of the 
iso- and diiso-compounds are in all four cases higher than those of the 
normal substances, but this peculiarity is greatly accentuated with 
diwopropyl. 

From the difficulty experienced in preparing this hydrocarbon, it 
would seem that the groups show considerably less tendency 

to unite together than those alkyl groups which are not of the form 

Thus, when potassium wo valerate was electrolysed, the 

amount of diieobutyl formed was very large compared with that of 
wobutyl wovalerate; whereas, under similar conditions, potassium 
wobutyrate gave a relatively much larger yield of isopropyl isobutyr- 
ate than of diwopropyl. 

It seems probable that the peculiarities of diwopropyl may, in some 
way, be due to the fact that there are two OH groups attached to one 
another in the molecule. 

In conclusion, we desire to thank the Government Grant Committee 
of the Eoyal Society for a grant by means of which the cost of the 
material and apparatus employed in this research was defrayed. 

Bnitirsity Ck^ 

Beisxol. 
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GIY.— Vapour Pressures^ Specific Volumes, and 
Critical Constants of Normal Octane, 

By Sydney Young, D.Sc., F.K.S. 

The normal octane employed for this investigation was obtained from 
EZahlbaum, who prepared it from octyl iodide. 

It was shaken five times with strong sulphuric acid, four times 
with a mixture of strong sulphuric and nitric acids, and five times 
again with strong sulphuric acid j it was then treated with caustic soda, 
washed with water, and dried with phosphoric oxide. On distillation, 
the greater part came over between 125 and 126° (corr. to 760 mm.), 
and after four fractionations with a twelve-column Young and 
Thomas dephlegmator a large amount was obtained with a constant 
boiling point (125’8° at 760 mm.). To make sure of the purity of the 
hydrocarbon, it was collected in three fractions, and the specific gravity 
of each was determined at 0° in a Sprengel tube of the form recom- 
mended by Perkin, The weighings are all reduced to a vacuum. 


Fraction. Temperature. Specific gravity. 

A 074 ° 0*71860 

B 074 ° 0*71847 

0 074 ° 0*71848 

B 17 * 7574 ° 0*70426 


Thorpe (Trans. 1880, 37, 77) gives 125*46° and 0*71883 for the 
boiling point and specific gravity, but his specimen, which had been 
prepared by Schorlemmer from methylhexylcarbinol, did not boil very 
constantly (125*3 — 126*8°). 

The three fractions were mixed together, and the boiling point was 
determined at various times with the following results : 


Pressure. Temperature. Oorr. to 760 mm. 

766*0 125*6° 125*8° 

748*66 125*3 126*86 

741*0 124*85 126*76 

766*7 126*65 126*8 

Mean 125*8 


The value of dpjdt at the boiling point «21*1 mm. per degree. 
The boiling point, calculated from the constants for Biot's formula, 
is 126*6°. 

The vapour pressures from 2 to 140 mm. were determined by 
Bamsay and Young's method, and from 160 mm. to the atmospheric 
pressure with a modified distillation bulb provided with a reflux 
condenser. 
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Yapowr pressures at low temperatures. 


Press. 

Temp. 

Press. 

Temp. 

Press. 

Temp. 

Press. 

Temp. 

2 ’25 mm. 

-3*3“ 

10*3 mm. 

19-7° 

76 *35 mm. 

69 •9'“ 

322*8 mm. 

97-36“ 

8*16 

+ 1*2 

12-86 

23-15 

96*65 

65*6 

856*4 

100-4 

3-9,5 

4-4 

15*3 

26-76 

116*6 

■ISfiS 


163-4 

4*9 

8*2 

18*1 

29-65 

136*45 

73*96 

429-4 

106-4 

5-35 

9-25 

21*7 - : 

33-25 

167*15 

77-8 

469-8 

109-86 

6-5 

9*55 

26-6 

37-3 

179*1 

80*8 

516-8 

112-4 

6:15 

11*2. 

31*45 

40-45 

206-0 

84-3 

666*9 

115*65 

6-65 

12-65 

39-2 

44-95 

230-3 

87-75 

616-4 

118-65 

7-45 

14*35 

49-66 

50-1 . 

269*7 

91*16 

668-6 

121-4 

8*6 

17*05 

61*85 

55-2 

289*5 

94*26 

780-4 

124-66 


The vapour pressures at high temperatures were determined with 
the pressure apparatus employed in previous researches. The observed 
pressures, together with those read from the curves constructed from 
the observations at low temperatures, and also the pressures calcu- 
lated by means of Biot’s formula log.jp = a + 5a* + are given in the 
table below. The constants for Biot’s formula are as follows : 

-.0-89075 

5= 4-268604 log. 6 = 0-6302859 

<j= -2-628358 log. c = 0-4196845 
’ log, a = 0-0240039 

log, ^*1-7195426 

«*e*(7-10 


Vapour pressures. 


Pressures in mm. 


Presiores in mm. 


Statical. Calculated. 

Irom curve. 


Statical. Calculated. 
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The differences between the calculated and observed pressures near 
the critical point are greater than with most of the substances 
examined, thus at 280^ the difference is — 73 mm,, corresponding to 
+ 0*35° and at 290° it is +71 mm., or 0*3°. Similar differences were, 
however, observed with stannic chloride and acetic acid. In all three 
cases the critical temperatures are higher than 280°, and the vapour 
of a liquid boiling at a higher temperature than bromonaphthalene 
(mercury with stannic chloride, dibenzylketone with acetic acid, and 
benzophenone with normal octane) was employed to heat the tube ; 
in each case the calculated pressures from 240° or 250° to 280° are 
lower than the observed, but above 280° they are higher. 

This points to an error in the temperature scale, and it is probable 
that the boiling point of bromonaphthalene was estimated somewhat 
too low by Dr, Ramsay and myself, owing, partly at any rate, to 
Regnault’s values of the vapour pressures of mercury having been 
employed in the calculations. This error ’in the boiling point of 
bromonaphthalene is hardly noticeable so long as the critical tempera- 
tures of the substances investigated do not exceed 280°, but when the 
critical temperature is higher and another jacketing liquid is employed, 
it becomes apparent, 

Yolwrms of a Oram qf Liquid <md of Satwrated Vapour. 

These constants were determined by the methods employed in 
previous researches. As before, the atomic weights given in F. W. 
Clarke’s Constants of Nature,” Part V., taking that of hydrogen as 
unity, are adopted ; the molecular weight of octane is therefore taken 
to be 113-76. 


Volumes of a gram and molecular volurms of liquid. 


Temp. 

Volumes of a gram 
in o.c. 

Molecular 
volumes 
in C.O. 

Temp. 

Vohimes of a gram 
in c,c. 

Molecular 
volumes 
in C.C. 

Observed. 

■ 

Eroin 

curves. 

Observed. 

From 

curve. 

0® 

1-8918 

1-3918 

158-34 

160*^ 

1-7826 

1-7826 

197-10 

10 


1-4080 

160-17 

170 

1*7646 

1-7647 

200-75 

20 

— 

1-4240 

161-99 

180 

1-8003 

1-8000 

204-76 

30 

1*4424 

1-4406 


190 


1-8880 

209-10 

40 

1-4577 

1-4577 

166-83 

»Til 

BE: S 

1-8808 

213-96 

60 

1-4761 

1-4754 

167-84 

210 


1-9270 

219-20 

60 

1-4962 

1-4989 

169-96 


BETTuifl 

1-9790 

226-15 

70 

1-5122 

1-6127 

172-08 

H 

2-0396 

2-0405 

282-16 
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Volvmea of a gram and molecular volumes of liquid — (continued). 


Temp. 

Volumes of a gi’am 
in c.c. 

Molecular 
volumes 
in c.c. 

Temp. 

Volumes of a gram 
in C.C. 

Molecular 
volumes 
in C.C. 

Observed. 

Prom 

curves. 

Observed. 

From 

curve. 

80 

1-6812 


174-36 

240 

2*1180 

2-1136 

240*45 

90 


■BdMI 

176-69 

250 

2*1995 

2*1960 

249*75 

100 

1-6748 

1*6746 

179-11 

260 

2*2975 

2*2950 

261*10 

no 

1-6971 

1*6976 

181-73 

270 


2*4250 

275*90 

120 


1*6214 

184-46 

280 


2-6190 

298*00 

130 

1*6484 

1*6472 

187-39 

290 


2-9720 

338*10 

140 

160 

■ 

1-6741 

1-7021 


296*2 

(criti- 

cal) 


4-297 1 

488 -Of 


Volv/mes of a gram and molecula/r volumes of saturated vapomr. 


Temperature, 

Volumes of a gram in c.c. 

Molecular 

volumes 

inc.c. 

Pressure 

apparatus. 

Sealed tube method. 



From curve. 

t. '. ' 

n. 

120* 


304 


803 

34400 



SSO 


233 

26500 

140' 


182 


188 

20800 

160 


146 


145 

16600 

160 


116*1 


116*5 

13300 

170 


93-7 


93*9 

10670 

180 


76*8 


76-1 

8660 

190 


61-7 

60*6 

62-2 

7080 

200 


50*7 

61*4 

61*1 

5810 

- 210 


41*86 

42*4 

42*3 

4810 

220 



36*1 

34*8 

3960 

230 



28-8 

28*7 

3270 

240 

23*40 


23-4 

23*6 

2685 

260 

19*39 


19*35 

19*64 

2230 

260 

16*06 


16*96 

16*07 

1828 

270 

12*86 


12*86 

12*96 

1474 

280 

10*10 


10-06 

1017 

1167 

290 

7*60* 



7*43 

846 

296*2 




4 *297 + 

488*9 + 

(Critical) 


- 





t By lOie methcki of Oaffl MatHas, allowing for the slight curvature of 

diameter. 
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The rather large difEerences between the smoothed and observed 
volumes of both liquid and of saturated vapour at the highest 
temperature are due to the alteration of the temperature scale in 
accordance with Biot's formula for vapour pressures. It is also to be 
noticed that between 280° and the critical temperature, 296*2°, only 
one determination of volume was made. The curves above 280° are 
therefore of little value, especially as the alteration of form is so rapid 
near the critical point. The vapour pressure curve, however, shows 
no such change of form near the critical point, and the number of 
observations in that case is sufficient. Again the critical volume, 
being calculated from the critical density which is ascertained by the 
method of Oailletet and Mathias, is not rendered doubtful by the 
small number of observations near the critical point. 

In calculating the critical density the slight curvature of the 

diameter " was taken into account. The densities of liquid and of 
saturated vapour, the mean densities, and those calculated from the 
formula 

0-3592 - 0*0003986«-0-000000096«2* 
are given in the table on p. 1150. 

The densities of saturated vapour at and below 120° were calcu- 
lated from the vapour pressures on the assumption that the vapour 
densities are normal. 

The density at the critical point, calculated from the above formula, 
is 0*2327 ; from the simpler formula 

0*3634- 0*00044« 


it would be 0*2331. The difference, 0*0004, is small, but at the lowest 
temperatures it would be considerable, amounting to 0*0042 at 0° 


GHtioal Comtanta. 


The critical constants are as follows : 

Temperature . 

Pressure 

Density 

Volume of a gram , 

Molecular volume 


296*2° 
18730 mm, 
0*2327 
4*297 c.c, 
488*9 O.C. 


* These constants differ slightly from those given in a paper on the law of Oailletet 
and Mathias recently read before the Physical Society. The agreement between the 
calculated and observed mean densities is somewhat better with the new constants. 


i I 


V9L, Lxsy^, 
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Temperature. 

Densities. 

Mean densities. 

A X 10« 

Liquid. 

Saturated 

vapour. 

Observed. 

Calculated. 

O'* 

0*7185 

0*0000 

0*8692 

0*3692 

0 

10 

0-7102 

0*0000 

0*3551 

0-8652 

+1 

20 

0-7022 

0*0001 

0*3611 

0*3612 

+1 

30 

0^6942 

0*0001 

0-3471 

0*3472 

+1 

40 

0*6860 

0*0002 

0*3431 

0*3431 

0 

60 

0-6778 

0-0003 

0*3391 

0-3390 

-1 

60 

0*6694 

0*0004 

0*3349 

0*3349 

0 

70 

0*6611 

0-0006 

0*3308 

0*3308 

0 

80 

0*6525 

0*0009 

0-3267 

0*3267 

0 

90 

0-6438 

0-0013 

0-3226 

0-8225 

-1 

100 

0*6351 

0-0017 

0*3184 

0*3184 

0 

110 

0-6260 

0*0023 

0 3142 

0*3142 

0 

120 

0*6168 

0-0033 

0-3101 


-1 ■ 

130 

0*6071 

0-0043 

0-3057 


+1 

140 

0*6973 

0-0065 

0*3014 


+1 

150 

0*6875 

0 0069 

0*2972 

0*2972 

0 

160 

0*6772 

0-0086 



+1 

170 

0*5667 

0-0107 

0*2887 

0-2887 

! 0 

180 

0*5556 

0-0132 

0*2844 

0*2843 

-1 

190 

0*6441 

0-0161 

0*2801 


-1 

200 

0*6317 

0-0196 

0*2767 

0-2766 

-1 

210 

0*6189 

0-0287 

0*2713 

0-2713 

0 

2'20 

0*6058 

0-0287 


0-2669 

--1 

230 

0*4901 

0-0348 

0*2624 


0 

240 

0*4732 

0-0424 

0-2678 


+ 2 

250 

0*4654 

0-0512 


0-2636 

+ 2 

260 

0*4364 

0-0622 

0-2493 

0-2491 

-2 

270 

0*4123 

0-0772 

0*2448 

0-2448 

0 

280 

0*3818 

0-0988 

0*2401 

0*2401 

0 

290 

0*3865 

0-1346 

0*2856 

0*2866 

-1 

(crideat) , 




0-2827 • 



Theoretical Conclusions, 

The absolute temperatures and the molecular volumes of ^uid and 
saturated vapour were read from the curves at the usual series of 
“ reduced pressures ” ; from these data, the ratios of the temperatures 
and volumes to the critical constants were calculated, also the ratios 
of the actual to the theoretical densities of saturated vapour (see table 
on p. 1151). 

A comparison of these ratios with those of normal pentane, hexane 
heptane confirms the conclusions previously reached that, for the 
of a homologous series of paraffins, the ratios of the absolute 
t^peratures at any series of corresponding pressures to the absolute 
temperatures, also ^the ratios of the actual to the theoretical 
the critical po^^^ increase slightly with rise of molecular 
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weight, whilst the ratios of the volumes of liquid at corresponding 
pressures to the critical volumes diminish slightly. The ratios of the 
volumes of saturated vapour to the critical volume differ very slightly 
from the corresponding ratios for normal heptane, and are on the 
whole very slightly lower; they are, however, higher than for 
normal hexane or pentane. It would appear then that, as a rule, 
these ratios increase with rise of molecular weight, but that the actual 
changes are too small, relatively to the experimental errors, to allow 
of a definite statement being made. 

It is hoped that it may be possible to add a fifth member, butane, 
to the series of normal paraffins. 


Reduced 

Pressure. 

Pressure. 

Absolute 

tempera- 

ture. 

Molecular volume. 

Abs. 

Temp. 

Yol. 

Liq. 

Vol. 

Sat. 

Vap. 

Density 
Sat. Vap. 

Liquid. 

Satu- 

rated 

vapoui*. 

Abs. Grit. 
Temp. 

Grit. 

Vol. 

Grit, 

Vol. 

Thoor. 

Density, 

0-000590 

11-06 

294-0° 

162-17 


0*6166 

0-3317 



0’001474 

27-60 

310*9 

166-39 

— 

0*5462 

0-3383 





0 ’002949 

66-25 

325*25 

168-32 

— 

0-6714 

0*344:^ 

. 



0*005898 

110-5 

341*26 

171-73 

— 

0*6995 

0‘3613 

— 


0*011796 

220*9 

369*30 

176-83 

— 

0*6318 

0*3597 




0*022411 

419*8 

378*6 

180-51 

— 

0*6650 

0-8698 

.... 



0-044232 

828*5 

401*85 

187*02 

27400 

0*7060 

0*8826 

66-1 

1*099 

0 088466 

1657 

429*4 

195*84 

14340 

0*7644 

0*4006 

29*8 

1128 

0*14744 

2762 

462*76 

204*62 

8730 

0*7964 

0*4186 

17*9 

1167 

0*20642 

3866 

469*85 

212*39 

6200 

1 0-8265 

0-4345 

12*7 

1*218 

0*29488 

5523 

489*4 

222*92 

4240 

0*8698 

0*4660 

8-67 

1*300 

0*44232 

8285 

613*75 

241*11 

2660 

'0*9026 

0-4932 

5*43 

1-462 

0*68978 

11047 

632*3 

260*29 

1861 

0*9362 

0*5324 

3*79 

1*017 

0-73721 

13810 

547*5 

284*40 

1831 

0-9619 

0-6818 

2-73 

1*862 

0-82668 

16466 

666 *4 

306*22 

1089 

0 9768 

0-6243 

2*23 

2*049 

0*88466 

16670 

660*36 

— 

— 

0-9846 

— 



«. 

0-94363 

17675 

666*0 

— 

— 

0*9926 

— 



— 

0*97818 

18226 

667*2 

— 

— 

0*9966 

— 

, 


1 '00000 

18780 

669*2 

488*9 

488*9 

1*0000 

1*0000 

1*000 

8*868 


In conclusion, I wish to express my thanks to the Government 
Grant Committee of the Boyal Society for a grant by means of which 
th^ cost of the material employed in this research was defrayed. 

Dniveesity College, 

Beistol. 
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CV . — Separation of Neohornylamine from Bornylamine. 

By Martin Onslow Forster and James Hart-Smith, A.R.C.S. 

When camphoroxime is reduced with sodium in boiling amyl alcohol, 
at least two bases are formed, of which the dextrorotatory bornylamine 
can be isolated by a simple process. The isomeric base, neobornyl- 
amine, although produced in som^ quantity, is purified with con- 
siderable difficulty, owing to the hydrochloride being more freely 
soluble than the corresponding salt of bornylamine ; when first 
described, in fact, doubt was expressed as to whether the specimen 
examined could be regarded as quite free from the dextrorotatory 
isomeride (Forster, Trans., 1898, 73, 391). 

During an investigation of bornylamine derivatives conducted with 
the object of studying the effect on specific rotatory power produced 
by replacement of aminic hydrogen (Forster, Trans., 1899, 75, 934, 
1149), a quantity of the base had been accumulated which, owing to 
admixture with a considerable proportion of neobornylamine, was 
quite unsuitable for the purpose in view. We have utilised this 
material in an attempt to decide two questions arising out of the 
change which camphoroxime undergoes when submitted to reduction. 
In the first place, it seemed not unlikely that other bases might be produced 
in addition to those mentioned, and we have therefore searched for 
dibornylamine, amylbornylamine, inactive bornylamine, and the 
corresponding derivatives of neobornylamine, but no evidence of the 
production of any one of these compounds has been obtained. The 
second object of this investigation was to ascertain the specific 
rbtii&ry power of purified neobornylamine, and incidentally to devise 
a process by which that base could be isolated from mixtures containing 
a large portion of the isomeride. 

In order to purify neobornylamine, it was necessary to find a 
derivative of the base which is less readily soluble than the corre- 
sponding derivative of bornylamine. Several salts of inorganic acids 
were first prepared, but in no case was the difference in solubility 
sufficiently great to admit of separating the two bases by fractional 
crystallisation of these derivatives. Equally unavailing was an 
attempt to purify the Issvorotatory compound by converting it into 
the salt of camphoroximeacetic acid, although the bornylamine salt is 
pa well-defined substance. A better prospect of success was offered 
by the study of dibornyloxamide, CjqH-. 7 *NH* 0 O*CO*NH* 0 iqHj< 7 , bb- 
f tained by the action of ethyl oxalate on the base. This compound, 
malike the derivatives of bornylamine hitherto examined, is more 
soluble than the corresponding derivative of the Isevorotatory 
V bfej and it is therefore possible to reroove it completely from the 
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compound produced by the action of ethyl oxalate on neobornylamine, 
afterwards regenerating the last-named substance by hydrolysing 
the residue with alcoholic potash. By this method, we have obtained 
neobornylamine melting at 184°, and having, in alcohol, the specific 
rotatory power [aju — 43'7° (compare Trans., 1898, 73, 391). 

Unfortunately, however, for reasons which appear below, the process 
cannot be applied successfully to the treatment of mixtures containing 
a large proportion of the dextrorotatory base. 

Salts of Bornylamine. 

An examination of the following salts of bornylamine has 
established the conformity of this base to the well-known generalis- 
ation of Oudemans, according to which the molecular rotation of an 
optically active base is independent of the nature of the salt. This is 
apparent from the subjoined table : 



Wn 

1 [a]o calculated 

1 for the base. 

Hydrochloride 

+ 23*2'* 

-h287‘’ 

31*2 

Hydrobromide 

20'4 

Hydriodide 

■ 16*0 

29*4c 

Kitrate 

21*0 

29*6 

Sulphate 

21*3 

28*1 

Benzoate 

17*1 

807 



The hydrochloride gave [a]i> -h 23*2° in a 2 per cent, solution in 
absolute alcohol and [a]© +21-7° when dissolved in water. The 
aqueous solution is intensely bitter, and when moderately dilute, may be 
boiled without yielding the free base. 

The hydrohromide is precipitated slowly when aqueous potassium 
bromide is added to the calculated amount of bornylamine hydro- 
chloride dissolved in water. It is freely soluble in boiling water, 
crystallising in concentric aggregates of long, highly lustrous, slender 
needles ; cold absolute alcohol dissolves it very readily. The salt 
does not melt below 260° and the aqueous solution may be boiled 
without yielding the free base. A one per cent, solution in absolute 
alcohol gave [a ]i> +20*4°. 

The hydriodide is rapidly precipitated on mixing solutions of potassium 
iodide and bornylamine hydrochloride. A moderately concentrated 
solution in water yields the free base when boiled, but the salt may 
be dissolved in warm water, and crystallises from dilute solutions in 
long, flat, transparent prisms. A 3*5 per cent, solution in absolute 
alcohol gave [a]i) +16*0°. 

The nitraU dissolves freely in boiling water, and crystallises from 
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the cooling liquid in radially disposed aggregates of silky, white 
needles, which frequently approach an inch in length ; the salt melts 
and evolves gas at 240°. It dissolves readily in cold absolute 
alcohol, and does not dissociate when the aqueous solution is boiled. 
A 1*5 per cent, solution in absolute alcohol gave [a]i> +21*0°, 

The sv^phate is sparingly soluble in cold water, and crystallises 
from boiling solutions in lustrous, white leaflets. A 2 per cent, 
solution in absolute alcohol gave [ia]i, +21*3° 

The bensioate crystallises from boiling water in long, silky, white 
needles and melts at 178-— 379°. A 2 per cent, solution in absolute 
alcohol gave [a]i> +17’1°. 

Camphor oximeacetio acid, CiQHjgINO'OHg'OOgH. 

One hundred grams of camphoroxime, dissolved in 500 c.c. of alcohol, 
were heated with 60 grams of chloroacetic acid, and 60 grams of 
caustic soda dissolved in a small quantity of water, in a reflux 
apparatus on the water-bath during 8 hours. A current of steam 
was then passed through the liquid, which, when free from alcohol, 
was acidified with dilute sulphuric acid, considerable excess being 
employed in order to redissolve any camphoroxime which had escaped 
conversion into acid. The precipitate, which at first was somewhat 
slimy, soon hardened, and was then filtered, washed, and redissolved 
in cold aqueous potassium carbonate; on acidifying the filtered solution 
with dilute hydrochloric acid, oamphoroximeacetic acid was pre- 
cipitated in lustrous, white leaflets. 

The substance dissolves very readily in alcohol, and is also soluble 
in much boiling Water, from which it crystallises in long, lustrous, flat 
needles^ which become opaque in the desiccator. Twice recrystallised 
f^m petroleum, which deposits it in rosette-like aggregates, the acid 
melts at 100 — 102° and decomposes at 200° 

0*2876 gave 16*6 c.c. moist nitrogen at 20° and 767 mm, N=:6*66. 

^ 12 ^ 19 ^ 8 ^ requires N = 6*22 per cent. 

A solution containing 0*8460 gram in 25 c.c. of absolute alcohol at 
21° gave a|> ~ 24' in a 2 dcm, tube, whence the specific rotatory power 
[aJ>.-5*9°. 

The sodium salt dissolves very readily in water and in alcohol, 
separating slowly from the latter in long, flat, transparent needles 
which become opaque at 80°. The specimen analysed was crystallised 
firom water, which deposits it in silky, lustrous needles, and then dried 
d^ecafepr ■ 

gave 0*0460 lSfa-7‘17. 

^ dumg 16 houjB at 146—160° H^O = 23-2. 

..requires' Ha HjO»22'6 per cent. 
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A 2 per cent, solution of the crystallised salt in absolute alcohol 
gave [a]© -10’5° corresponding to [a]i> —13*4° for the anhydrous 
substance. A 2 per cent, solution in water gave [a]r» -24*2° for the 
anhydrous salt. 

The hornylamine salt is at once precipitated on mixing alcoholic 
solutions of bornylamine and camphoroximeacetic acid in molecular 
proportion. It is sparingly soluble in cold ethyl acetate, and 
crystallises from the hot solution in small, transparent prisms j it 
melts and evolves gas at 208°. 

0*1656 gave 0*4258 00^ and 0*1524 HgO. 0 - 70*12 ; H « 10*16. 

requires 0 = 69*84 ; H= 10*05 per cent. 

A solution containing 0*3952 gram in 25 c.c. of absolute alcohol at 
21° gave ar, + 6 ' in a 2 dcm, tube, whence [ajp +3*16°. 

Bornyloxamidey 00*00 ’ITHg. 

Ten grams of oxamethane were mixed with 14*5 grams of bornyl- 
amine and heated during 2 hours on the water-bath. At the end 
of this period, the mixture, which at first liquefied, had become solid, 
and was then dissolved in boiling ethyl- acetate, which deposited 
minute needles melting at 157° 3 a second crystallisation was without 
influence on the melting point and specific rotatory power. 

0*1755*gave 0*4152 OOg and 0*1441 HgO. 0« 64*55 ; H«^9*12. 

CjgHgQOgNg requires 0 = 64*27 ; 11 = 8*93 per cent. 

Bornyloxamide is sparingly soluble in boiling petroleum, from which 
it crystallises in lustrous needles melting at 162°. It is readily soluble 
in cold chloroform and in hot alcohol, crystallising from the latter in 
lustrous needles. The substance is somewhat soluble in boiling water, 
which deposits it in long, white needles on cooling. The specific 
rbtatory power of a 2 per cent, solution in absolute alcohol is 
[a]o -24*1° 

^ An attempt to prepare bornyloxamic acid, OioH^ 7 *NH* 00 * 002 H, 
by the action of nitrous acid on bornyloxamide was unsuccessful. 
The substance is also indifferent towards benzoyl chloride, and does 
not give rise to a platinichloride. 

0iqHj7*NH* 00^00 

15*3 grams of bornylamine were covered with 7*3 grama of ethyl 
oxalate, the mixture becoming warm. After being heated in a reflux 
apparatus during 2 -| hours, a solid substance began to separate; 
the product was therefore transfeired to a beaker, allowed to cool, and 
treated with a few c.c. of cold ethyl acetate, when it became crystal* 
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line. The compound was then drained, and redissolved in boilitig 
ethyl acetate, which deposits it in prismatic crystals melting some- 
what indefinitely at 140^ 

0-1852 gave 0*4928 COjjand 0-1691 HgO. 0-72*67; H- 10-14. 

J^^quires 0- 73-33 ; H- 10-00 per cent. 

Bibornyloxamide is practically insoluble in boiling water, but dissolves 
very readily in chloroform ; It is sparingly soluble in cold petroleum, 
dissolving more readily in the boiling liquid, from which it separates 
in lustrous leaflets. It dissolves in about 30 parts of absolute alcohol 
at 16®, and crystallises from this solvent in silky needles. The specific 
rotatory power in absolute alcohol is [ajo - 29*6°. 


Attempts to separate Neohomylamim from Bomylamme. 

In the preparation of bomylamine by reducing camphoroxime with 
sodium and amyl alcohol, it has been customary to decompose the 
sodium amyloxide with hydrochloric acid, remove the amyl alcohol in 
a current of steam, and allow the acid liquid to cool; the crystals 
which then separate contain a preponderating amount of bomylamine 
hydrochloride, and therefore yield a dextrorotatory base on treatment 
with alkali, whilst the acid mother liquor deposits chiefly neobornyl- 
amine hydrochloride when evaporated. It is the base derived from 
this acid mother liquor which has been employed in the following 
experiments. 

An impure specimen of neobornylamine, having [a]i> -25*4®, was 
obtained in the maimer indicated, and heated with ethyl oxalate 
(J inoh) during 3 hours* The product was then exhausted with a 
small quantity of boiling ethyl acetate, filtered, and recrystallised twice 
from that solvent ; recrystallisation from petroleum followed by 
absolute alcohol yielded a substance which melted somewhat indefinitely 
at 186 — 187®, and gave [a]i> —60*7® in a 1 per cent, solution in 
absolute alcohol. Further crystallisation failing to raise the specific 
rotatory power, a portion of the substance, which we were disposed to 
regard as pure di-neobornyloxamide, was hydrolysed with alcoholic 
potash. The base thus obtained melted at 180®, and gave [ajp 31*1® ; 
it therefore corresponded very closely with the specimen described 
in the first paper on this subject (Trans., 1898, 73, 386). 

On comparing the solubility in absolute alcohol of dibornyloxamide 
; that of the foregoing derivative, it was found that the latter is 
l^^^jpceciaWy less readily soluble, and we were therefore sanguine of 
at length found a means of separating the two bases* Accord- 
300 grams of the base obtained from the acid mother liquor 
^50', grams- ,:'of, ethyl oxalate in, a reflux apparatus 
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duHtg 5 hours. The product, when cold, being very viscous, was 
mixed with a small proportion of ethyl acetate, and this precipitated 
a white solid which, when filtered and drained on porous earthenware, 
weighed 175 grams. Extraction with 500 c.c. of boiling ethyl acetate 
removed a substance which crystallised from the cooling liquid in snow- 
white needles, melting and evolving gas at 241® ; more of this com- 
pound, which contained 7*8 per cent, of nitrogen, was obtained on 
extracting the residue with a further quantity of ethyl acetate, but 
the specific rotatory power being [a]i> -30*5®, it was evidently a 
different substance from the one obtained in the first experiment. 
The residue, after being extracted repeatedly with boiling ethyl 
acetate until no more soluble matter could be removed, was hydrolysed 
with alcoholic potash, yielding a base which melts at 184®, and gives 
[a]i> -43*7® in a 4 per cent, solution in absolute alcohol, and 
[a]j> -27*0® in a benzene solution of the same concentration. We 
regard this substance as pure neobornylamine, but are unable to 
identify either the insoluble compound which yields it on hydrolysis, 
or the substance melting at 241®, because the base obtained on 
hydrolysing the latter derivative melts at 176®, and gives [a]n - 13*1® 
in absolute alcohol, appearing therefore to be a mixture of bornylamine 
and neobornylamine. 

It will be noticed that the specific rotatory power of neobornylamine, 
obtained by the method indicated, is 12° higher than that of the specimen 
prepared previously, and the hydrochloride of the purified base has 
[a]i> “44*2® instead of -39*0®. It will not be necessary, 

however, to revise the description which has been already given of the 
crystalline acyl derivatives of the base. The acetyl compound, for 
instance, obtained from the specimen having the higher rotatory 
power, crystallises from petroleum in long, slender needles melting 
at 144® and having [a]n -19*1® in a 2 per cent, solution; moreover, 
this derivative, and the benzoyl compound, when hydrolysed, yield 
the base which gives [a]© — 43*7®. 

Having several grams of this material at our disposal, we converted 
a portiominto the bmzylidem derivative, which was obtained as a pale 
yellow, viscous oil boiling at 180® under 25 mm. pressure. The 
substance does not crystallise when cooled, or after a long interval, 
and its oily nature accounts for the fact that the specimen of benzyl- 
idenebornylamine obtained by Griepenkerl was liquid (Amalen, 1892, 
269, 353), whilst the purified base is a crystalline solid (Forster, 
Trans., 1899, 76, 1162), Benzylideneneobornylamine does not yield 
a crystalline methiodide when heated in a sealed tube with methyl 
iodide, and consequently it has not been possible to obtain methyl- 
neobornylamine from it. 

It cannot be claimed that the process here indicated for isolating 
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neobornylamine is very successful, because it can be applied only to 
mixtures having a specific rotatory power not less than [a]D - 10°, and 
therefore already rich in the Isevorotatory base. An attempt to deal 
with a mixture of approximately equal quantities of the two bases led 
to the isolation merely of two crystalline substances, which differ from 
those already described. The procedure was substantially the same 
as before, the product of the a,otion of ethyl oxalate on the base being 
exhausted twelve times with 1000 c.c, of boiling ethyl acetate. The 
solid deposited by the first extract differed quite perceptibly from the 
eleven , succeeding fractions, which approximated to one another in 
appearance, melting point, and specific rotatory power. It was there- 
fore dealt with separately, being dissolved in boiling absolute alcohol, 
which deposited compact, transparent crystals with a small proportion 
• of long, silky needles j the latter, being specifically light, were easily 
separated by mechanical means, and the remainder was then recrystal- 
lised until the specific rotatory power of two successive fractions was 
the same. The compound thus obtained appeared a perfectly definite 
substance, and analysis pointed to the empirical formula of dibornyl- 
oxamide : 

0-1868 gave 0-6010 00^ and 0-1717 HgO. 0 = 73*14 ; H«10-21. 

0-2624 „ 18*4 C.C, of nitrogen at 19° and 760 mm. 17 = 8*23. 

requires 0 = 73-33 3 H = 10-00; 17 = 7*77 per cent. 

In spite of this result, however, the appearance and properties of 
the substance were totally distinct from those of dibornyloxamide. It 
crystallised from petroleum in well-formed, transparent prisms melting 
at 100°, instead of lustrous leaflets melting at 140° ; alcohol de- 
pc^ited it in large transparent crystals, which become opaque on 
exposure to air, instead of long, silky needles. Moreover, the specific 
rotatory power was higher, being [a]i, - 36-4° in a 4 per cent, 
solution in absolute alcohol. Yet, although these crystals had every 
characteristic of a definite substance, the base obtained on hydrolysis 
melted at 164°, and gave [aj^ •4-30*7°. 

The substance associated with the foregoing compound was isolated 
by recrystallising together all fractions subsequent to the first, until 
the melting point underwent no change. In this way, long, silky 
needles were obtained, melting and evolving gas at 251°. I7o conclu- 
sion regarding the composition of this compound could be drawn from 
F ^ Several concordant determinations of carbon gave nearly 

less than the amount required by the formula for dibornyl- 
quantities of hydrogen and nitrogen, however, were in 
those, required by that expression. In spite of this, 
bbtained oh hydrolysis was practically pure bornylamine. 
gtsms of the mixture w 
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in one experiment, no derivative of neobornylamine could be isolated. 
The substance remaining undissolved after twelve successive extrac- 
tions with 1000 c.c, of boiling ethyl acetate was not a definite com- 
pound, as the base resulting on hydrolysis gave [ajj, +23°. We had 
therefore convinced ourselves that it is hopeless to deal by this method 
with mixtures of bornylamine and neobornylamine, unless the latter 
base preponderates considerably, and further experiments in this 
direction were therefore abandoned. 

Royal College op Science, London. 

South Kensington, S.W, 


CVL — Aminoamidines of the Naphthalene Series. {Third 
Communication on Anhydro-hases.) 

By Haphael Meldola, F.R.S., and Lewis Eynon, A.LO. 

The azo-derivatives of ethenyltriaminonaphthalene were incidentally 
referred to in a former communication by one of the authors and 
Percy P. Phillips (Trans., 1899, 76, 1016), In continuing the in- 
vestigation of these compounds we had occasion to prepare some 
ethenyltriaminonaphthalene by the process of Markfeldt 1898, 
31, 1174) for comparison with the original anhydro-base described in 
1887 .(Meldola and Streatfeild, Trans,, 61, 691). It was found to 
our surprise that the phenylazo-derivatives obtained from the bases 
by combination with phenyldiazonium salts were isomeric and not 
identical, and a further examination of the bases has revealed the 
fact that the isomerism of the azo-derivatives is due to the isomerism 
of the* ethenyltriaminonaphthalenes which are not identical as 
assumed by l^rkfeldt in the paper referred to. This isomerism of 
the anhydro-bases is certainly unexpected, and is the more remarkable 
since they are both prepared from the same dinitroaoetnaphthalide, 
the only difference being the nature of the reducing agent, Markfeldt 
having substituted iron and hydrochloric acid for tin and this acid, as 
originally employed in 1887. That the isomerism is entirely due to 
the nature of the reducing agent has been proved by repeated ex- 
periments with the same specimen of dinitroaoetnaphthalide. 

In the present communication, we give a detailed account of the 
results of our investigation of Markfeldt^s base and some of its salts 
and azo-derivatives, so as to bring into prominence the differences 
between these and their isomerides obtained from the original ethenyl- 
triaminonaphthalene of 1887. With respect to the nature of the 



1160 


MELDOLA AND EYNON : 


isomerism, we have come to the conclusion that it is most probably 
due to structural difference and not to space configuration (stereo- 
isomerism), since the characters of the two sets of compounds are 
profoundly different. As was indicated in 1887, two constitutional 
formulfle are possible : 



Which of these represents our original base and which Markfeldt’s 
isomeride must for the present remain undecided. The main point 
established by the present research is that tin and iron behave 
differently as reducing agents towards 2 : 4-dinitro-l-acetnaphthalide. 
The constitution of the isomeric bases will form the subject of 
future investigation, and it is proposed to extend the study of the 
difference in the behaviour of the two metals as reducing agents to 
other nitro-compounds, since evidence has already been obtained that 
this peculiarity is not manifested only in the naphthalene series. 


Marhfeldt^a EthenyltriaminonaphtJiaUm^ 

NHa-OioHB<^5>C-OH8,2H20. 

Meldola and Streatfeild's anhydro-base is so soluble in water that 
it has not yet been isolated (Trans., 1887, 61, 698). MarkfeldVs 
base is much less soluble, and separates out as an oily resin on adding 
sodium hydroxide solution to a strong aqueous solution of the hydro- 
chloride. The resinous mass becomes crystalline on standing, 
and the free base can be crystallised from hot water, in which it 
readily dissolves. The pure compound is probably white, but all our 
preparations consisted of flat, slate-coloured needles, the colour being 
no doubt the result of atmospheric oxidation. Tiie melting point of 
the base, allowed to dry in air at the ordinary temperature, xb Si — 85®, 
On analysis : 

0*1799 gave 0‘4072 00^ and 0*1016 HgO. 0«61*73 ; II 6*28, 

0*1178 „ 17*96c.c.moistnitrogenat 12*2®aud765mm, 18*17. 

0*2408, air-dried, lost 0*0364 HgO in water-oven. H^O — 14*70. 

requires 0=- 61*80; H==6*44; Isr-=]8*03; 

^ HgOs* 16*46 per cent. 

The water of crystallisation is not quite driven off at the tem- 
pe^ture of the water-oven. The anhydrous base begins to soften and 
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shrink at 128° and fuses at 135°. Analyses of a specimen, dried as 
above, gave the following results : 

0*1638 gave 0*4386 QO^ and 0*0896 HgO. 0 - 73*03 ; H = 6*08. 

0*1112 „ 19*9c,c.moist nitrogen at 12*2° and773*7mm. N = 21*58. 

CigHuNg requires 0 = 73*10; H = 6*58 ; N=:=2r32 per cent. 

This aminoamidine is more distinctly basic in character than its 
isomeride. It gives a precipitate with silver nitrate in ammoniacal 
solution, but it is not sufficiently acid to dissolve in aqueous sodium 
hydroxide. The silver salt is gelatinous, and could not be obtained 
pure enough for analysis. 

Salta of Marhfeldt^a Base, 

JSydrochloridea, — ^The salt prepared by Markfeldt's process, namely, 
by crystallisation in presence of excess of hydrochloric acid, is a 
dihydrochloride of the formula 0i2Hjjj57g,2HCl,H20. 

It consists of pinkish, flat, silky needles, the colour being doubtless 
the result of atmospheric oxidation. The specimen used for analysis 
was dried over lime in a desiccator, and had lost some hydrogen 
chloride under these conditions : 

0*2435 gave 0*2322 A gCI. 01 = 23*59. 

0*1385 ,, 17 *05 C.O, moist nitrogen at ll*8°and 748*lmm, 14*38. 

Ci2HiiN 3,2HC1,H20 requires 01 = 24*65 ; N = 14*58 per cent. 

The crystals become opaque on heating in the water-oven, and at 
150 — 160° (in an air-oven) the water and 1 mol. of hydrogen chloride 
are driven oS, leaving a monohydrochloride ; 

0*210, dried over lime in a desiccator and heated at 150 — 160° until 
constant in weight, lost 0*0396 = 18*86 per cent. The loss corre- 
sponding to 0 i2HuN 3,2HC1,H2O - (HOI -t-HgO) « 18*92 per cent. 

The monohydroohloride can also be prepared from the dihydro- 
chloride by the partial removal of hydrogen chloride by means of 
dilute cold aqueous ammonia. The first specimen prepared in this 
way was analysed under the impression that it was the free base, and 
the results showed that only half the acid is removed under these 
conditions : 

0*2926 gave 0*6187 COg and 0*1616 HgO. 0 = 67*67 ; H = 6*76. 

0*0886, „ 12*3 c.c.moist nitrogen at 1 1° and 766*2 mm. N = 16*67. 

0*5503 „ 0*3260 AgCl. 01= 14*66. 

The above specimen had been crystallised from water from which it 
separates as small, opaque, white needles melting at about 282° and 
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darkening with shrinkage from about 265° This crystalline salt 
contains 1 moh of water : 

0*8020, dried in air, lost 0*0635 H2O at 160 — 160°* JEIgOaaG’G?. 
0i2HnN3,HCl,H20 requires C«B7*26| H«-6*57; N« 16*7^ 01« 14*12; 
H20«= 7*16 per cent. 

The isomeric ethenyltriaminonaphthalene forms the hydrochlorides 
0 i2Hi^H 8,2H01,1JH20; (Mel- 

dola and Streatfeild, foe. cit, 694 — 696). 

Sulphate , — The sulphate differs from that of the isomeric base in 
being much more soluble in hot water. It crystallises from this 
solvent in small, flat, silky, white needles, becoming pink by atmo- 
spheric oxidation. A specimen dried over lime in a desiccator was 
analysed with the following results : ' 

0*2192 gave 23*75 c.c. moist nitrogen at 10*1° and 751*9 mm. N - 12*81. 
0*6691, dried in desiccator, lostO’0736 HgO in water-oven. HgO =« 10*98. 
Ci 2 H;liN' 8,H2S04,2H20 requires N = 12*69 ; R^O = 10*88 per cent. 

The anhydrous salt was also analysed : 

0*3721 gave 0*2926 BaSO^. S « 10*80. 

0*2044 gave 24*45 0.0. moist nitrogen at 10*2° and 767*1 mm, N = 14*43. 
0 i 2H^1^8,H2S04 requires JST w 14*24 ; S=« 10*85 percent. 

The isomeric sulphate retains JH2O at 220° (Meldola and Streatfeild, 
foe. ci^., 692). 

This salt was prepared by dissolving the free base in 
nitric acid'. It crystallises from water in slender needles which 
coloured by oxidation.^ A specimen dried in the water- 
oven Wae analysed with the following result j r- 

0*0626gavell *05 c.c. moist nitrogen at 9*8°and 764*8 mm, IT « 21 *02. 
CigHiiNgiHNOgjI-HgO requires N » 20*82 per cent. 

The salt could not be dried above the temperature of the water-oven 
without undergoing decomposition. 

Ficrates, — Hot alcoholic solutions of the base and of picric acid, 
when mixed and allowed to cool, deposit the picrate in the form of 
yellow, spherical nodules, a mode of crystallisation which is quite 
characteristic of this salt. After one crystallisation from alcohol, the 
; salt was pure and had a softening point of about 228° finally melting 
- .with decomposition at 236°, 

E re 13 *3 c.c. moist nitrogen at 11*7° and 765*8 mm. IT « 19*50, 
l^^gH^ilTgjOQHgO-ylTg requires IT « 1 9 *72 per cent. 

tpt to pre^re the picrate of the isomeric base showed that 
^«^^und with picric acid exists, On mixing aqueous 
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solutions of the hydrochloride of the base and of ammonium picrate, 
an ochreous, granular precipitate was obtained. The product separates 
from a hot saturated alcoholic solution in the form of resinous 
spherules giving no definite results on analysis. The compound could 
not be crystallised from any solvent, and it is probable that picric 
acid acts as an oxidising agent towards the base giving rise to indefinite 
products of decomposition. 

Acetyl Derivatives of the Isomeric Bases, 

CAO-NH- CioHsC^g^C-CHj. 

A comparison of the acetyl derivatives of the two bases has shown 
that they differ considerably in their properties. The process of 
acetylation employed by Markfeldt {loc. cit,) may be applicable to his 
base, but even in this case we find that the prolonged boiling with 
excess of acetic anhydride is quite unnecessary. With our own base, 
this method, as already stated in a former paper (Meldola and Phillips, 
loc, cit,, 1012 ), is extremely destructive. The chief difference between 
the acetyl derivatives is the distinctly acid character of that derived 
from our base (he, cit,^ 1013). The isomeride obtained from Mark- 
feldt^s base is not acid enough to dissolve in aqueous alkali ; it dis- 
solves only in alcoholic alkali, and on the whole is more distinctly 
basic than acid. The acetyl derivative of Markfeldt* s base has been 
so thoroughly investigated by that author that we have not thought 
it necessary to make any further examination of it beyond a com- 
parison of certain salts. 

The acetyl derivative of our anhydro-base is so difficult to obtain in 
a state of purity that we have not yet succeeded in getting very 
satisfactory analytical results. The difficulty of purification is due to 
the circumstance that the compound is both acid and basic in char- 
acter, so .that it forms salts with both acids and bases. The purest 
specimen hitherto prepared was obtained by dissolving the crude 
acetyl derivative in dilute alcoholic ammonia and exactly neutralising 
the warm solution with acetic acid. The compound separates on 
cooling in small^ glistening, white scales grouped in rosettes. The 
melting point is about 281—284° with decomposition, Markfeldt*fi 
acetyl derivative having a melting point above 280°*' (loc, cil, 
1177):^ 

0*1904 gave 0*4565 CO^ and 0*0868 HgO, 0 = 65*39 ; H = 5*07. 
0*0859 „ 12*25 c.c. moist nitrogen at 17*2°and 751*5mm. N = 16*32, 

requires 0 = 65*37 5 H = 5*84 5 3N« 16*34 per cent. 

* A specimen prepared by us, after crystallisation from water melted at aboul 
286 ®, but began to shrink from about 270 ®. 
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The compound does not lose weight when heated to 190®, and the 
water of crystallisation could not be driven off without the substance 
undergoing decomposition. Other preparations in which a slight ex- 
cess of acetic acid had unintentionally been employed for neutralising 
the alkaline solution gave ou analysis indefinite results indicating 
mixtures of acetate with free acetyl derivative. 

The hydrochloride^ QoH 30 *KH*Q;^qH 5<^^^!^Q*0H3.H01 tH 2Q. was 

prepared by dissolving the acetyl derivative in dilute hydrochloric 
acid, adding excess of strong hydrochloric acid, and allowing to crys- 
tallise. It separates in tufts of very small, white needles. A speci- 
men dried at the ordinary temperature over lime in a desiccator was 
analysed with the following results : 

0‘1143 gave 14 c.c. moist nitrogen at 15*7® and 759*3 mm. N == 14*27 
0*1530 „ 0-0745 AgCl. 01=12*09. 

Oi^HigOI^sjHCljHaO requires N = 14*31 ; Cl = 12*10 per cent. 

The water is not expelled at 180®, the loss at this temperature being 
3*16 per cent., and the salt undergoing partial decomposition with 
discoloration. 

An attempt to form, a picrate showed that the acetyl derivative does 
not form a definite compound with picric acid. Hothing separates on 
mixing alcoholic solutions of the acetyl derivative and picric acid, and 
the product, which is thrown out on dilution with water, on continued 
crystallisation followed by analysis, gave indications of being a mixture 
rather than a definite compound. It is possible that, as in the case of 
the original anhydro-base, picric acid acts as an oxidising agent. 

^ qf iihe Acetyl Beri'oo^im of Marhfeld^e Base , — For comparison 
with the foregoing, the hydrochloride and picrate have been prepared 
from Markfeldt^s base. 

The hydrocMoride, 03HsO*NH*OioH5<:^®>C-CH3,HCl,H50, was 

prepared by dissolving the compound in dilute acid and then adding 
an equal volume of strong (fuming) acid. The salt crystallises in 
large, flat needles having a silvery lustre and becoming brownish 
exposure to light and air. Analysis proved it to have the same com- 
pomtion as the isomeride. ^ 

0*1044 gave 13*15 c.c. moist nitrogen at 17*2® and 769*8 mm. N = 14*7br 
mm „ 0*0468 AgCl. 01 = 11*94. ^ 

C^H^gOSoyHOljH^O requires N = 14*31 ; 01 = 12*10 per cent. 

C sdSf J65®,^th0 salt becomes constant in weight and los^ 5*53 ^ 

The whole of the water could uot he expelled with- 
‘compounds' ■ 
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The picrate separates at once on mixing alcoholic solutions of the 
acetyl derivative and picric acid. It is a Very definite compound con- 
sisting of slender, canary-yellow needles with a beautiful, silky lustre, 
melting with decomposition at 287% and beginning to soften at 281®. 
The product used for analysis was purified by crystallisation from 
alcohol. 

0*1380 gave 0*2610 CO^ and 0*0448 HgO. ; H = 8*61. 

0*1160 „ 17*5 c.c. moist nitrogen at 14*4° and 760*8 mm. = 17*71. 

0 « 51*28 ; H =* 3*42 ; N = 17*95 per cent*. 

Benzoyl Bei'watwe of Marjfeldt^s Base, 

This compound was prepared from the hydrochloride by the method 
described by one of the authors and Percy P, Phillips last year (loc. 
cit, 1015). It differs from its isomeride in being more distinctly 
crystalline, separating from alcohol in the form of dense, ochreous 
needles melting with decomposition at 278 — 280°. It is less acid than 
its isomeride, being insoluble in aqueous alkali solutions. 

With respect to the action of benzoyl chloride upon these amino- 
amidines, we may point out that if our view respecting the nature of 
the isomerism is correct, both compounds might be expected to yield 
1 : 2 ; 4-tribenzoyltriaminonaphthalene, OioHb(NH*CO*C 6 H 5 ) 0 , on treat- 
ment with this reagent in the presence of aqueous alkali, according to 
the well-known method of Schotten and Baumann. Experiments in 
this direction have been commenced, and will be resumed on some 
future occasion. 

1^-Meihyl Derivative of Ma/tlfeldt* s Acetyl DeHvative, 

The acetyl derivative forms a gelatinous silver compound (Meldola 
and Phillips, loc, cit*, 1013), which becomes coherent, but non- 
crystalline, on standing for some time at a temperature just below the 
boiling point of the alcoholic solution* As the silver salt was amor- 
phous, no attempt was made to analyse it> but the dry product was 
digested with methyl iodide in methyl alcohol and treated in the 
same way as described in the former paper relating to the isomeric 
compound from our aminoamidine of 1887. 

This methyl derivative does not differ in any marked property 
from its isomeride. It is strongly basic in character and but slightly 
soluble in hot water. A specimen crystallised from dilute alcohol 
separated in rosettes of ochreous scales shrinking at 250° and 
melting with decomposition at about 266% 

VOL. LXXVII. 4 k 
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0*1323 gave 17*6 c.c, moist nitrogen at 17*6® and 762*2 mm. N ~ 16*21. 
CigHjgONgjHgO requires N = 16*60 per cent. 

It therefore has the same formula as the isomeric compound. 
In attempting to determine the water, it was found that decom- 
position occurs at 156 — .160^, the loss of weight at this tempera- 
ture being considerably in excess of that required for. 1 mol. HgO, 
namely, 13*72 inst^d of 6*6 per cent. 

As we had only a^small quantity of this compound at our disposal, 
the remainder was converted into the picrate which separates at once 
on mixing alcoholic solutions of the base and of picric acid. After 
one crystallisation from alcohol, it consists of long, slender, silky, 
yellow needles which fuse and decompose at 273° and begin to shrink 
and soften at 265 — 270°. 

0*0794 gave 11*8 c.c. moist nitrogen at 16° and 760*3 mm. 17 
0*0602 „ 8*86 „ „ 16° „ 764*2 mm. NT 

r^q^ires N = 17*43 per cent. 


= 17*31. 
= 17*21. 


PAewyZaao-Zienoafms, 08 Hb*F2-0i5H^(NH2)<£5>0*0H8. 

The first indication of the isomerism of the anhydro-bases was 
obtained on preparing, a quantity of the phenylazo-derivative by the 
action of diazotised aniline upon the base in the presence of sodium 
acetate as described in the previous communication cei., 1016). 
Some of Markfeldt^s ethenyltriaminonaphthalene having been used for 
this purpose, it was found that the azo-compound was quite different 
in appearance and properties from that obtained last year. Instead of 
being violet and crystallising in bronzy scales almost insoluble in boil- 
ing alcohol, the new azo-derivative is red and fairly soluble in alcohol, 
crystallising from this solvent in brick-red, flat needles. If made to 
crystallise rapidly by stirring the solution on a watch glass, the sm^l 
crystals appear bright red. By slow crystallisation from a 
of the solution, the compound separates in broad, scale-like needles 
which appear dull red with a slight metallic lustre when dry. It dis- 
solves readily in toluene or chloroform with a fine red colour. N’umer- 
ous analyses proved that this azo^derivative contains one mol. of 
Water which can be expelled by heat or by crystallisation from a 
hydrocarbon with a high boiling point (toluene): 

0^1986 gave 0*4928 OOg and 0*0981 HgO. 0 = 67*67 ; H = 6*49. 

^ 0*4693 COg „ 0*0874 HgO. 0 = 67*86; H = 6*26. 
uM V moist nitrogen at 8*6° and 766*1 mm. 17 = 22*01. 

■ ,*■ . . 9° 760*6 mm. 17»«21*93. 
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0'4070, dried at 140 — 150° until constant, lost 0'0241 HgO. HgO = 6‘92. 
Oi 8 Hi 5N5 ,HjO requires 0 = 67-71 ; H = 5-33; N = 21-94; H20 = 5-64 

per cent. 

The anhydrous compound dried as above and another specimen 
crystallised from boiling toluene gave the following results : 

0‘1365 gave 0*3579 00^ and 0*0615 HgO. 0 = 71*51 ; H = 5*0L 

0*2019 „ 0*5328 002 „ 0 0909 HgO. 0 = 71*97 5 H = 5*00. 

0*1899 ,, 0*4976 002 „ 0*0846 HgO. 0 = 71*46 ; H = 4*95. 

0*1186 „ 23*1 C.C. moist nitrogen at 10*3° and 755*9 mm. N= 23*14. 
0*1264 „ 24*36 „ „ 8*1° „ 751*4 mm. ]Sr = 22*97. 

requires 0*^71*76; H = 4*98 ; 17 = 23*26 per cent. 

The azo-compound (hydrate) melts at 220 — 221°. It dissolves in 
alcoholic hydrochloric acid with a pale orange colour and a whitish 
hydrochloride separates out on standing. In alcoholic sodium hydr- 
oxide, the colour is not very different from that of the alcoholic solution, 
but more of an orange than red. When dissolved in glacial acetic 
acid and treated with sodium nitrite, an orange, crystalline substance 
is formed, which may be the acetoxy-derivative (Meldola [and East, 
Trans., 1888, 63, 464) resulting from the replacement of the amino- 
group. The examination of this product is, however, not yet com- 
pleted and its study will be resumed. 

The acetyl derivative, 

08H5-N8*OioH4(NH-08H80)<£g>0-OH3,OaH80, 

is best prepared by heating the azo*compound with acetic anhydride 
for about an hour on the water-bath. At the boiling point of acetic 
anhydride, decomposition is apt to occur. The product crystallises 
from alcohol in dense oblong tablets of a bright orange colour. The 
crystals contain alcohol of crystallisation : 

O-Sfala gave 0*8213 OOgand 0*1689 C = 67'61 ; H«6*66. 

0*1092 „ 16*7 c.c. moist nitrogen at 14*6°and 765*6 inm. N « 18*05. 
0-1265 „ 19*2 „ „ 8*3^ „ 750*9 mm. N- 18*06. 

0*1 659, dried at 150— 156° until constant, lost 0*0203 O^B^O « 

12*24. 

C2oHi^ON5,02HeO requires 0 = 67*87 5 H = 6*91 ; N = 17*99 r 
02H^0 = 11*83 per cent. 

The compound free from alcohol gave the following results i 

0*1244 gave 0*3182 COg and 0*0548 HgO. 0 = 69*76 ^ H = 4*89. 
0*1522 „ 25*85 c.c. moist nitrogen at 8*6° and 761 mm, 17 = 20*46* 
Gg^Hji^OlTg requires O 69*97 ; H = 4*96 ; 17 = 20*41 per cent. 

The crystals of the acetyl derivative become opaque at 160-r->170° j 

4 K 2 
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they dai'ken at 240 — 250° and fuse with decomposition at about 
253 — 254°. It is probable that decomposition begins much below the 
higher limit of temperature, as the loss on heating to determine the 
alcohol at 150 — 155° is over 1 per cent, in excess of that required 
by theory. Nitrogen is evolved, as already indicated, on boiling with 
acetic anhydride. The compound is completely reduced by zinc and 
hydrochloric acid in alcoholic solution, but the ethenyltetramino- 
naphthalene which might be expected to result is apparently very un- 
stable and we have not yet succeeded in isolating it. With zinc dust 
and acetic acid in alcoholic solution, the acetyl derivative gives a 
hydrazo-compound crystallising in silvery scales and melting at about 
245 — 250°, but this product requires further examination. 


The isomeric phenylazo-derivative of our original anhydro-base has 
already been partially described (Meldola and Phillips, loo, oit., 1016), 
and we are now enabled to give further details concerning this com- 
pound. The product crystallised from amyl alcohol or from a mixture 
of aniline and toluene contains, like its isomeride, 1 mol. of water : 


0‘0852 gave 0*2108 COg and 0*04 H^O. 0 = 67*48; H = 5*2L 

0*2114 „ 0*5267 002 „ 0*0935 H 2 O. 0 = 67*96 ; H^4*91. 

0*0963 „ 18*75 c.c. moist nitrogen at 23*2° and 763 mm. ]Sr = 21*98. 

0*0884 „ 16*85c.c. „ 15‘6° „ 749*3mm.N = 21*92. 

Oi 8 Hi 5 N 5 ,H 20 requires 0 = 67*71 ; H 5*33 ; N = 21 *94 per cent. 


The water in this azo-compound is not expelled so readily as that 
of the isomeride- At 160°, the loss is only about 0*5 per cent., but at 
.2(10—210° is greater than that required by theory, showing that 
decoidpojition occurs at the higher temperature. 

The azb-compound is much less soluble in all solvents than the 


isomeride from Markfeldt^s base. The solutions are dull red. It 
crystallises from amyl alcohol in dull, bronzy scales, and from aniline 
in dark violet needles with a dull, bronzy lustre. The melting point, 
as already stated, is between 257*^ and 260° with decomposition. The 
compound dissolves in strong sulphuric acid with an orange colour 
becoming red on dilution with water. In alcoholic hydrochloric acid, 
the colour is bright reddish-violet, the hydrochloride separating in 
small, bronzy needles on allowing the solution to stand. This pro- 
perty distinguishes the two isomeric compounds sharply from one 
aether, the azo-derivative of Markfeldt^s base dissolving in alcoholic 
orio acid with a pale orange colour and depositing a whitish 
dc on standing, 

t of the azo-compound from oiir anhydro-base, pre- 
l^ihppsition as shown by 
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0*1201 gave 20 c.c.moisfc nitrogen at 14*3° and T64*7 mm. N = 19*66. 

0*0682 11*45 „ „ 12*5° „ 758*5 mm. N = 19*82. 

0*1297 „ 0*0520 AgOl. 01-9*92. 

CigHigNQjHCljBCgO requires N = 19*69 ; Cl — 9*99 per cent. 

The azo-compound can be acetylated in the same way as the isomer- 
ide, and gives an acetyl derivative which crystallises from alcohol in 
dense scales of a brown colour with glistening facets. The decomposing 
point is about 252°, and the compound begins to darken about 240°. 
Like its isomeride, it retains alcohol of crystallisation : 

0*1166 gave 17*5 c.c. moist nitrogen at 12*2°and 772*3 mm. K = 18*07. 

0*1253 „ 19 „ „ 16° „ 765*2 mm. ]Sr= 17*78. 

0*1033, dried in water-oven and then atl40 — 150°, lost 0*0114 
CgHeO-ll-OL 

C2oHi^O]:i75,C2HgO requires N- 17*99 ; OgHgO- 11*83 per cent. 

The alcohol is thus not quite expelled at this temperature, and as 
at higher temperatures the compound showed signs of decomposing, 
the product was taken as free from alcohol and analysed ; 

0*0771 gave 13*6 c.c. moist nitrogen at 19° and 756*9 mm. N — 20*17. 
requires N == 20*41 per cent. 

The acetyl derivative is much less soluble than its isomeride, and 
could only be obtained in a satisfactory state of purity by crystallisa- 
tion from ethyl alcohol, a very large volume of which is required. 
The acetylation of the azo-compound is best carried out by dissolving 
in glacial acetic acid and adding acetic anhydride to the solution. On 
warming on the water-bath, the violet colour of the solution changes 
to orange when the acetylation is complete. Boiling with acetic 
anhydride causes decomposition with the evolution of nitrogen and 
the formation of resinous products. 

j^-Mtropl^ienylazo-d69'ivc^iv$, 

Diazotised j?-nitranilm 0 combines readily with the aminoamidines, 
and a preliminary examination of the nitroazo-compound obtained 
from our original anhydro-base was made two years ago, but the in- 
vestigation was interrupted in order to study the simpler phenylazo- 
compounds described in the present paper. The introduction of the 
nitro-group into the molecule modifies the properties of the compound 
by rendering it less stable, and the nitroazo-derivative appears to be 
decomposable by alkali with the formation of definite products. As 
this decomposition is likely to be of interest, we may place upon record 
the results thus far obtained, reserving for future investigation the 
nature of the products of the aption of alkali upon the azo-compound* 
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On mixing solutions of diazotised j?-nitraniline and the anhydro- 
base in the presence of sodium acetate in the usual way, the acetate 
of the nitroazo-compound separates as a dark violeb, gelatinous pre- 
cipitate, which dries to a bronzy powder. The compound has only 
been investigated qualitatively, as its insolubility has rendered it very 
difficult to obtain in a state of purity. It is distinctly acid in charac- 
ter, dissolving in aqueous and alcoholic sodiura hydroxide with a 
magenta-red colour. It dissolves with a red colour in alcoholic hydro- 
chloric acid, and to a slight extent in boiling fusel oil, nitrobenzene, 
or aniline. The colour of the solution in the last three solvents is 
indigo-blue, and it separates from nitrobenzene in small, coppery 
scales. The nitro-group is reducible by ammonium sulphide without 
the fission of the azo-group (Meldola, Trans., 1883, 43, 425). 


Constitution of the Anhydro-hases and their Azo-deri'oatives, 

The constitution of the azo-derivatives cannot be definitely estab- 
lished until the nature of the isomerism of the anhydro-bases has been 
ascertained. On the view of the isomerism suggested at the com- 
mencement of this paper, the two bases should yield isomeric ethenyl- 
diaminonaphthalenes on replacing the NHg group by hydrogen ; 


It is possible, however, that one or the other of these isomerides is 
too unstable to exist, and becomes transformed by desmotropic change 
into the more stable form. This would appear to be the case if the 
ethLenyldiaminonaphthalene of Prager (5^., 1885,18, 2161) is iden- 
tical with that of Liebermann and Jacobson {Annalm^ 211, 67), 
and Fischer and Hepp (-Sen, 1887, 20, 1249, 1272)^ In the first 
method of preparation (Prager), the reducible nitro-group is in the 
jS^-position, whilst in the second method (Liebermann and Jacobson), 
the nitro-group is in the ai-position. It appears, however, that the 
anhydro-bases obtained by the two methods are identical (Beilstein, 
Hmdhuoh, 8 , 992), and, if so, it is most probable that the compound 
is stesceptible of desmotropic change. It will be necessary to re-inves- 
iigate this subject from the point of view of the discovery of the 
specific action of the reducing agent upon the nature of the product of 


reduction as made known in the present paper, and this subject will be 
in hand as soon as possible. A preliminary experiment may be 
here, which appears to show that the replacement of the 
Marjkfeldt's base gives rise to the same ethenyldiamino- 
already investigated , by Prager, ’&c. 'Some of 
diazotised with sodium nitrite in a fairly strong 
treated with a large e^^cess of absch» 



AffiNOAMIDINES OF THE NAPHTHALENE SERIES, 1171 


lute alcohol in the usual way. The tarry product obtained after 
distilling off the alcohol was extracted with dilute sodium hydroxide solu- 
tion, which dissolves out the amidine by virtue of the acid character of 
the NH group. The solution, on the addition of excess of hydrochloric 
acid, deposited a crystalline hydrochloride consisting of white needles, 
which were collected and purified further by a repetition of the same 
treatment. The product, washed with water and dried under a desic- 
cator over lime, had the composition of a monohydrochloride : 

O’llO gave 12‘46 c.o. moist nitrogen at 18° and 751*4 mm, K =* 12*91. 

requires N = 12*81 per cent. 

The picrate, formed by mixing aqueous solutions of the hydrochloride 
and ammonium picrate, was obtained, after two crystallisations from 
alcohol, in the form of silky, orange-yellow needles : 

0*0968 gave 13*86 c.c, moist nitrogen at 13*6° and 764*3 mm. 17 == 16*94, 


The melting point was 244°, the compound decomposing at about 
255° The melting point assigned to the picrate of Prager’s base by 
Lellmann and Eemy 1886, 19, 801) is 242°, so that the identity 
of our base with that of Prager appears to be established. 

In view of possible desmotropy, it is still undecided whether in this 
amidine the 17H group is in the a- or )8-position, hence the constitu- 
tion of the base, so far as concerns the amidine ring, is open for 
investigation, and we give the above result simply as a preliminary 
step. The corresponding ethenyldiaminonaphthalene from our own 
anhydro-base will be prepared and described in a future communication. 

Apart from the question of the configuration of the amidine ring, 
the position of the azo-group in the isomeric azo-compounds has yet to 
be determined. As the bases from which these compounds are derived 
are homonuoleal tri-derivatives of naphthalene, it is most probable 
that the azo-derivatives are heteronucleal, the or a 3 -hydrogen atoms 
being in the most likely positions for substitution. On this view, the 
isomerism might be ascribed to such constitutional differences as the 
following ; 


N 





/N/Nnhi 
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Attempts to solve this problem experimeEtally have already been 
made, and the research will be continued in this direction. So far as 
the results go at present, we have only to state that each phenylazo- 
compound appears to be homogeneous, and not to consist of a mi?;ture 
of isomerides. The constitution of the aminoamidine thus determines 
with absolute sharpness the position entered by the azo-group. 

We have pleasure in acknowledging the assistance received from the 
Besearch Fund of the Chemical Society, from which a grant was made 
for the purchase of the materials required for the investigation. We are 
indebted also for some of the products to Messrs. Bead Holliday and 
Sons, Limited, of Huddersfield. During the early part of the research 
we received much assistance from Mr. Elkan Wechsler, to whom we 
desire to express our thanks, 

FiNSBurwY Tbohnioal College. 


CVIL — Note on the Elimination of a Nitro-groiip during 
Diazotisation. 

By Baphabl Meldola and Elkan Wechslbb. 

The nitration of orthoacetanisidide, as described in a former note 
(Proc., 1898, 14, 226), gives rise to a mixture of two isomerides which 
can be separated by hydrolysing and repeatedly crystallising the 
mixed nitroanisidines from water. The mixed mononitroaoetyl 
derivatives can also be further nitrated by dissolving in glacial acetic 
acid, adding fuming nitric acid in excess and allowing the solution to 
stand for twenty-four hours in the cold. The product after being 
precipitated by water and crystallised repeatedly from dilute alcohol 
consists of pale yellow needles of a dinitroacetanisidide melting at 
162 ^ 163 ° 

0'1129 gave 15*6 c.c. moist nitrogen at 13° and 771*3 mm. H » 16*64. 

0-1246 „ 17*76 „ „ 12*4° „ 746 mm. N«16*66. 

OgHgOgNg requires N = 16*47 per cent. 

This dinifcro-compound is easily hydrolysed by boiling for a few 
minntes with alcoholic soda. The dinitroanisidine thus obtained 

B pitation by water and crystallisation from dilute alcohol, 
;ht orange needles melting at 186 — 188° 

':e 20*76 c.c. moist nitrogen at 14*2° and 773*9 mm, H =» 19*82, 
,17^66 C.C. „ „ .10° „ 767 mm. 19*80, 

^ 19*72 
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The constitution of this dinitroanisidine has yet to be determined. 
It does not agree in properties with any of the known modifications ; 
but since jt?-nitro-o-anisidide is one of the products of the nitration of 
acetanisidide {Fabriques de Produits Ghimiques de Thann et de Mulhoiise, 
Germ, Fat. 98637 of 1897 ; GFiem. Gentr^y 1898, ii, 950), it is probable 
that our compound results from the further nitration of this mono- 
nitro-derivative. In this case, the dinitro-compound may be the methyl 
ether of 3:5-dinitro-.6*aminophenol. The amino-group in the dinitro- 
anisidine is readily diazotised by the usual methods. In our first 
experiments in which a somewhat dilute solution of the base in dilute 
sulphuric acid was treated with sodium nitrite, the diazo-salt did not 
separate out, but was precipitated in the form of yellow needles on 
the addition of alcohol and ether. It was afterwards found that by 
working in stronger solutions, or, still better, by diazotising with 
sodium nitrite in glacial acetic acid solution, good yields of the diazo- 
compound could be obtained at once. This compound is very stable 
and can be crystallised from boiling water or dilute alcohol. It con- 
sists of yellowish needles (from dilute solutions) or ochreous scales, 
which explode at about 178° and have all the properties of a true 
diazo-compound, combining at once with alkaline solutions of phenols 
to form colouring matters. Analysis indicated that one nitro-group 
is eliminated on diazotisation : 

0^1277 gave 23*1 5 o.c. moist nitrogen at 10*3° and 752*4 mm. 21*43. 

NOg* CgH 3 (OOIl 3 ) -liTg* OH requires N = 21*32 per cent. 

As we were unprepared for this result, confirmatory evidence was 
obtained by preparing the iodonitroanisole and the azo-) 8 -naphthol 
compounds, and the results leave no doubt that one nitro-group is 
eliminated. The diazo-compound is readily decomposed with the 
evolution of nitrogen on boiling with hydriodic acid and the iodo- 
derivative, after purification by crystallisation from dilute alcohol, 
forms fiat, yellow needles, melting at 116 — 116°; 

0*1741 gave 7 c.o, moist nitrogen at 11° and 776*2 mm. Hws4*88. 
0*1119 „ 4*86 „ „ 12*6° „ 749*5 mm. N««6*06. 

HO 2 *O 0 H 3 l*OOHg requires H» 6*01 per cent. 

On adding the diazo-compound to an alkaline solution of jS-naphthol, 
a deep violet-black, gelatinous precipitate is at once formed. After 
being collected, washed with dilute acid, then with water, and finally 
with alcohol and dried, the azo-compound was purified by crystallisa- 
tion from boiling aniline and obtained in the form of small, glistening, 
bronzy-green scales decomposing between 240° and 250° ; 

0*1208 gave 12*96 c.c. moist nitrogen at 10*6° and 753*7 mm. H =* 12 * 68 , 
0*0883 „ 9*56 C.C. „ „ 10° „ 764*4 mm. 12*61. 

NO^*C(jH^(OCH 3 )*N 2 *C\oH 3 -OH requires per cent, 
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The azo-compound is almost insoluble in alcohol and imparts a 
red colour to boiling glacial acetic acid. It dissolves in strong sul- 
phuric acid with a violet colour, becoming orange on dilution with 
water. The solution in alcoholic sodium hydroxide is dull red, be- 
coming more violet on warming with ammonium sulphide. This is in 
accordance with the view that the nitro-group occupies the para* 
position with respect to the azo-group. 

The particular configuration of substituents which favours this easy 
displacement of the nitro-group by the action of nitrous acid can 
only be determined when the constitution of the dinitroanisidine has 
been established, and further experiments will be undertaken for this 
purpose. In the meantime, we have thought the broad fact sufficiently 
interesting to record in this preliminary notice. The elimination of a 
nitro-group from thephenylazo-derivative of methyl dinitrophenylacetate 
in the presence of alcoholic potash, as observed by Victor Meyer (Ber,, 
1889, 22, 319) does not appear, at any rate, at first sight, to have any 
analogy with our observation, since the transformation of this azo- 
derivative is, in fact, a case of ring-formation with the production of a 
pyrazole derivative. 

Finsbury Tbohnioal CouLEaE, 


OVIII . — A Contribution to the Stereochemistry of 

Buljfhur: an Optically Active Sulphine Base. 

By SAMUBIi'SMItES, B.Sc. 


Bob many years carbon was the only element known to give rise to 
optical activity in its compounds until Le Bel {GompU rend.^ 1891, 
112, 724) obtained an optically active ammonium base by the fer- 
mentation of methylethylpropylwobutylammonium chloride, and later 
Pope and Peachey (Trans., 1899, 75, 1127) obtained optically active 
methylallylphenylbenzylammonium iodide. In October, 1898, 1 com- 
menced an investigation of the stereochemistry of sulphur, and some 
of the results were laid before the Society in December of the following 
(Proc., 1899’, 16, 240 ; this voL, 160). The preparation of crys- 
t salts of methylethylthetine with certain optically active acids 
jwaa attempted, but without success. Profiting by the 
^40 Bel Aud Wedekind {Zwr Stereochemk des SticJcstofea^ 
i were also made to obtain sulphines containing 
^ it has been found that <«j-bromLacetophenone 
ii r^t mth the sulphides of the fatty series, 
l ifohtainihg a^^^ and a desyl group 
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respectively: g>S<Cfs-CO-C«H« R>g^CH(0«H,).00.C„H, 

The investigation of these substances has been completed, and a 
paper describing the results obtained will shortly be laid before the 
Society. The sulphine bromide prepared from methyl ethyl sulphide 

and w^bromacetophenone, contains an asym- 

metric sulphur atom, and on account of its high molecular weight 
and comparative stability seemed more suitable for resolution into 
active components than any other sulphine base hitherto obtained. 
The salts of this sulphine, with the following acids, were therefore 
prepared, tartaric, malic, ajitimonyltartaric, camphoric, and ortho- 
methyl camphoric ester, but were not obtained in the crystalline 
state. The great ejOScacy of the camphorsulphonio acids in resolving 
inactive bases into their optically active components had been pointed 
out by Pope, who applied them with brilliant success to asymmetric 
nitrogen {loo, dt) and tin (Proc., 1900, 16, 42) compounds. He also 
prepared (Proc., 1900, 16, 12, 43) the dl-camphorsulphonate and 
c^-a-bromocamphorsulphonate of methylethylthetine, and found these 
salts to be crystalline, but was not successful in effecting a resolution 
of the base with their aid. Having exhausted all other easily ob- 
tainable active acids, I finally applied a-bromocamphorsulphonic acid 
to the resolution of methylethylphenacylsulphine bromide and was 
successful, but, not wishing to interfere with Mr. Pope’s work on 
this subject, I have refrained from publishing the results until he 
should have arrived at some definite conclusion in the matter. This 
has been attained (Pope and Peachey, this vol,, 1072), and the follow- 
ing results are therefore laid before the Society, with Mr. Pope’s 
acquiescence, 

When methylethylphenacylsulphine bromide is treated in absolute 
aloohoUo solution with the requisite amount of silver c?-bromocamphor* 
sulphonate, two salts are obtained, the less soluble having a molecular 
rotation of 4-260° and the more soluble a rotation of +289° Since 
the molecular rotation of dJ-bromocamphorsulphonio acid in dilute 
aqueous solution is about +270° (Walden, jZeit phymMl. Chem>^^ 
1894, 15, 196), it is to be expected that the two salts should 
contain Imvo- and dextro-base respectively. This was found to be 
the case, 7- and c^-picrates being obtained from the two bromocamphor- 
sulphonates. The sulphine bromide produced by the interaction of 
methyl ethyl sulphide and bromodeoxybenzoin, namely, 

contains both an asymmetric sulphur and carbon atom. It is there- 
fore possible that the product should consist of two inactive stereo- 
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isomeric bromideSj each of which should be separable into active 
components. However, when the above sulphine was examined by 
means of its picrate, it appeared to be homogeneous. It may be con- 
cluded that, in salts of sulphine bases, the four radicles which are 
directly united to the sulphur atom do not lie in the same plane with 
it, but are probably present in some tetrahedral arrangement, 

i-MethyletJiylphmacyUulphim Bromide, 
S(CH3)(05H6)(CH2-C0-0eH5)Br. 

Nineteen grams of bromacetophenone were added to 9 grams of 
methyl ethyl sulphide contained in a flask provided with a reflux con- 
denser. Solution took place with absorption of heat, but in a short 
time the mixture became warm, and was cooled to prevent loss of 
sulphide. After standing overnight, the whole had solidified to a 
hard, colourless glass, which consisted of the almost pure sulphine 
bromide in nearly theoretical quantity, namely, 23 grams. The bromide 
is very soluble in alcohol, but only sparingly so in water, and is insoluble 
in ether. Many unsuccessful attempts were made to obtain it in the 
crystalline state. 

The platmioUoride was precipitated as a light, buff-coloured powder 
bn the addition of platinic chloride to the aqueous solution of the 
sulphine chloride; when purified, it melted at 173 — 174°. On 
analysis: * 

0*1848 gave 0*0448 Pt. Pt:=:: 24*24. 

0*2226 „ 0*0538 Pt, Pt = 24*l7* 

(0nHj50SCl)2Pt0l4 requires Pt- 24*42 per cent. 

i’^MethyUthylphmacylsulphme Picrohte, 

— ^The alcoholic solution of the bromide was treated with the requisite 
amount of picric acid dissolved in alcohol After standing for a short 
time, the picrate was precipitated as a yellow, crystalline powder, very 
soluble in acetone, but insoluble in water. It is deposited from a 
mixture of acetone and alcohol as shining, yellow needles melting at 
118 — 119°. On analysis : 

0*2037 gave 19*05 c.c. of moist nitrogen at 26° and 764 mm. K » 10*4. 

requires H = 9*93 per cent. 

l-MethylethylphenacylsuipJdm d-Bromoccmphorsulphonate, 

An alcoholic solution of methylethylphenacylsulphine bromide was 
boiled for a quarter of an hour with the calculated quantity of silver 
^.brompcamphprsulphoh^^^ in a flask provided with reflux con* 
After rapidlj^ removing tie silver bromide by iijtrution, the 
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greater part of the alcohol was distilled off. The residue, on' cooling, 
yielded an abundant crop of crystals. 

By fractionally crystallising this from alcohol, a sparingly soluble 
salt, Z^methylethylphenacylsulphine (i-bromocamphorsulphonate, was 
easily obtained. It consisted of colourless needles very sparingly 
soluble in cold acetone and melting at 104 — 196°. 

0*3695 gram dissolved in 25 c.c. of water gave a +1*47° in a 
2-decimetre tube at 19°, whence [a,]^ +49*7° and [M]d +251*0°. 

After further crystallisation, a specimen was obtained showing the 
following optical behaviour : 

0*3186 grain dissolved in 25 c.c. of water gave a +1*26° in a 
2-decimetre tube at 20°, whence +49*5° and [M]d +250°. 

<Z-Methylethylphenacylsulphine (i-bromocamphorsulphonate was con- 
tained in the alcoholic mother liquors, and was obtained therefrom as 
a white, crystalline precipitate, soluble in water and alcohol, but only 
sparingly so in cold acetone. It was deposited from acetone in fine 
silky needles melting at 183 — 184° The purest specimen which 
could be obtained was examined in the polariscope with the following 
result : 

0*4394 gram dissolved in 25 c.c. of water gave a +2*01° in a 
2-decimetre tube at 18°, whence [a]u +57*2° and [M]p +288*8°. 

These results point to the fact that the molecular rotation of the 
basic sulphine radicle in aqueous solution is approximately 20°. 

hMethylethylphenacylsulpMne picrate, 

S(CH3)(02H5)(0H2-C0-0eH,)*0-CeH2(N0,)3. 

— On adding the requisite amount of picric acid contained in saturated 
alcoholic solution to ^methylethylphenacylsulphine d-bromocamphor- 
sulphonate, a yellow, crystalline precipitate^was slowly formed. After 
allomng to stand for 2 — 3 hours, this was collected and recrystallised 
from acetone, being deposited in golden-yellow needles melting at 125°. 
When examined in the polariscope, it showed the following behaviour : 

0*5168 gram dissolved in 25 c.c. of acetone gave a - 0*38° in a 
2-deoimetre tube, whence ia]p 9*2° and [M]i, -38*9°. 

Another specimen showed the following rotation ; 

0*2988 gram dissolved in 10 c.c. of acetone gave a -0*28° in a 
I decimetre tube, whence [a]p —9*3° and [M]p - 39*3°. 

The following analytical results were obtained : 

0*1590 gave 14*7 c.c. of moist nitrogen at 26° and 760 mm. N =» 10*3. 

requires N « 9*93 per cent. 
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d^-MetliylethylphenacyUvZ^him yicrate^ 

S(CH3)(C2H,)(GH2-C0-C,H,)-0-C,H2(K02)3, 
was prepared by precipitating the alcoholic solution of c^-methylethyl- 
phenacylsulphine c^bromocamphorsulphonate with picric acid ; it crys- 
tallised in bright yellow needles melting at 123 — 124°. 

0*5411 gram dissolved in 25 c.c. of acetone gave a +0*31° in a 
2-deciinetre tube, whence [a]D +7*2°. 

A purer specimen showed the following behaviour i 

0*1963 gram dissolved in «10 c,c. of acetone gave a +0*16° in a 
1-decimetre tube, whence [a]j> + 8*1° and [M]i> + 34*2°. 

On analysis the following numbers were obtained : 

0*1872 gave 17*2 c.c. moist nitrogen at 23° and 760 mm. N = 10*3. 
OiYHi.^OgN 3 S requires N = 9*93 per cent. 

MethylethyJdesylmlphine Bromide^ S(CH3)(02Hg)(Ci4HiiO)Br. 

Bromodeoxybenzoin was dissolved in rather more than the theo- 
retical amount of methyl ethyl sulphide. After standing for 24 hours, 
the mass had solidifiedj but it was found to be exceedingly difficult to 
obtain the sulphine bromide in a pure state from the product. 

The was prepared and, after purification, melted at 

177° with decomposition. The following analytical results were ob- 
_ talned:'. , *" ■ 

- Pt«20*62. 

01328 „ 0*0273 Pt. Pt = 20*60. 

(0i^Hj^B01)3pt0l4 reqmres Pt « 20*52 per cent. 

Methylethyldesylsulphim piarate, 

S(OH3)(0,H,)(0,,H„0)-0*06H,(NO,)3. 

— ^The somewhat impure bromide, prepared as just described, was com- 
pletely converted into the pierate by means of a saturated alcoholic 
picric add solution. A bright yellow, heavy, crystalline precipitate 
separated, which, on fractional recrystallisation from alcohol, appeared 
to be homogeneous. The pure pierate was deposited from alcohol as 
yellow leafiets melting at 162°. 

, : The following analytical results were obtained ; 

" 8*1950 gave 16*1 c.c. of moist nitrogen at 25*6° and 763 mm. N = 8*6. 

requires N=a 8*4 per cent. 

^ I mMk to expi^ my indebtedness to B. Moritz, 




CONBiSNSATlON OB’ PHEITOLS WITH ESTEES. 1179 

B.Sc*, for help afforded me in the preparation of the desyl- 
sulphines* 

To Prof. Ramsay also my hearty thanks are due for much kind help 
and advice during this investigation. 

Univbesity College, Lokuok. 


OIX . — Condensation of Phenols with Esters of the 
Acetylene Series, Part IIL Synthesis of Benzo- 
ry-jpyrone. 

By SiEGPEiED Ruhemann and H. E. Stapleton, Scholar of St. John’s 

College, Oxford, 

In the previous papers (Ruhemann and Beddow, Trans., 1900, 77, 
984, 1119) on the interaction of phenols with the esters of the 
acetylene series, it was shown that, on using ethyl phenylpropiolate, 
the aryl ethers of ethyl )8-hydroxycinnamate are produced, whilst 
the union of phenols with ethyl aeetylenedicarboxylate yields the aryl 
ethers of ethyl hydroxyfumarate. It was also pointed out that, along 
with the latter esters, oils of high boiling point are obtained. We 
have now examined the product which accompanies the formation of 
ethyl phenoxyfumarate, and find that it is the result of a union of 2 
mols. of phenol with 1 mol, of ethyl aeetylenedicarboxylate. In the 
light of Michael’s researches (Michael and Bucher, Rer., 1895, 28, 
2512; 1896, 29, 1792 ; see also Michael, pr, Chem,f 1899, [ii], 60, 
106) on the behaviour of sodium ethoxide towards the same unsatura- 
ted ester, it may be concluded that the substance formed on using 
sodium phenolate has the constitution 002 Bt'C( 0 *OgHg) 2 *OHg* 002 Et, 
which characterises it as ethyl cts-diphenoxysuccinate, A similar 
compound, ethyl <ia-dithiophenylsuccinate, is produced along with 
ethyl thiophenylfumarate by acting on sodium thiophenolate with ethyl 
aeetylenedicarboxylate. Ethyl thiophenylfumarate is much less stable 
than ethyl phenoxyfumarate and its homologues, since, on hydrolysis, 
it is decomposed into oxalic and acetic acids on the one hand, and 
thiophenol on the other. The latter. However, is oxidised in the 
alkaline solution to phenyl disulphide, (CigHgS)^. 

The investigation of the action between phenols and esters of the 
acetylenet series has been extended by the authors of the present 
paper with the view of condensing the additive products to benzo* 
y-pyrone and its derivatives. We have attempted to accomplish this 
task by making use of concentrated sulphuric acid as a dehydrating 
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agent. With yS-phenoxjcinnamic acid, we find, however, that con- 
densation to the phenyl derivative of benzo-y-pyrone, namely, 
flavone, does not occur, as the acid breaks up according to the 
equation, 

C6H5-G(0*C6H5):CH-002H + Hp - GgH^-OO-OHa-COgH + OeHg-OH, 

yielding benzoylacetic acid and phenol, the latter, however, under 
the influence of the sulphuric acid, being transformed into its 
sul phonic acids. Phenoxyfumaric acid, on the other hand, being more 
stable, as has already been pointed out in the previous paper, partially 
undergoes the desired change and yields benzo-y-pyronemonocarboxylic 
acid. This acid, on distillation in a vacuum, loses carbon dioxide and 

benzo-y-pyrone, Cq1EL^<CP^ the hitherto unknown parent sub- 
0 CB[ 

stance of flavone and the yellow plant dyes such as chrysin, quercetin, 
and fisetin, is* formed. The yield of the benzo-y-pyronecarboxylic acid 
is not very satisfactory, since phenoxyfumaric acid appears also to break 
up in a manner similar to ^-phenoxyeinnamic acid, with formation of 
the products of the decomposition of oxaloacetic acid, namely, oxalic 
and acetic acids. 

Experimental. 

‘ Mhyl ^-o-MethoxyphsnooGycinnamatej 
GsH5-0(6-OeH^-0*GHg):CH-C0202H5. 

The experiments previously described were exclusively directed to 
the study of the interaction between monohydric phenols and esters 
of the acetylene series, but We have now commenced to investigate the 
behaviour of dibydric phenols towards these esters. Up to the present 
we have examined the reaction of guaiacol with ethyl phenylpropiolate. 
Their union is effected as in the former cases by dissolving sodium 
(1 at.) in an excess of hot guaiaeol, adding the ester (1 mol.), and 
then warming the mixture until the sodium derivative of the phenol 
has dissolved. The viscous product on cooling sets to a solid mass ; 
this is agitated with dilute sulphuric acid and ether, the ethereal 
layer freed from the dissolved guaiacol by shaking it '^ith caustic 
potash, and the oil which remains after removing the ether by evapora- 
tion distilled in a vacuum. Ethyl jS-o-methoxyphenoxyeinnamate is 
a colourless, viscous oil with an aromatic odour, and boils at 
230 — ^231° under 15 mm. pressure. On analysis : 

0*2038 gave 0*5437 00^ and 0*1122 G = 72*T6 ; H==^6*ll. 

requires G = 72 *48; H=* 6*04 per cent. 

In its properties, the ester resembles the other aryl ethers qf 
ethyl ^ydroxycinnamate. On boiling it with alcoholic potash for 
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1 hour on the water-bath, hydrolysis to the corresponding acid takes 
place. 

P’<>'Methoxyphe 7 ioxy(nnnamic acid^ ’ ^ 6 ^ 4 * 

is precipitated from the alkaline solution by dilute sulphuric acid as a 
sticky product which gradually sets to a hard mass. This dissolves 
freely in alcohol, and the alcohoHc solution, on dilution with water, 
gives an emulsion which, on standing, changes into colourless prisms. 
These begin to soften at 120°, and melt at 188° with evolution of gas. 
On analysis : 

0^1914 gave 0*4985 CO^ and 0*0907 HgO. 0 = 71*03 ; H=5*29. 

requires 0 = 71*11 ; H = 5*18 per cent. 

The solution of the acid in ammonia gives with silver nitrate a white 
precipitate of the silver salt which darkens at 100 ° 

o-Metlioonyphenoxystyrem, OgH 5 *O(O*O 0 H 4 'O*OH 3 )IOK 2 , is obtained 
when the acid is heated, carbon dioxide being evolved. It distils at 
183° under 15 mm. pressure as a colourless oil which solidifies after 
some time, and melts again at 43 — 44°, On analysis : 

0*1642 gave 0*4800 OOg and 0*0910 HgO. 0 = 79*87 ; H = 6*15. 
OjgHj^Og requires 0 = 79*64; H = 6*19 per cent. 


Condensation of Tiiiophmol wUh Ethyl Phenylpropiolate and, Ethyl 
Acetyhnedicarhoxylaite, 

The action of thiophenol on the esters of the acetylene series re^ 
sembles in every respect the behaviour of the phenols towards these 
compounds. The sodium thiophenolate required for the experiment is 
prepared by boiling a solution of thiophenol in toluene with sodium 
(1 at.) in a flask with a reflux condenser until the metal has disappeared 
and the precipitate is quite white. The required quantity of the ester 
(1 mpl.) is then added, and the resulting product isolated in the same 
manner as are the corresponding phenoxy-compounds. 

Ethyl p4hiopJhmylcinnomate^ O 5 H 5 -C{S* 0 QH 5 )Z 0 B[* 0 O 202 Hg, is in 
this way formed from thiophenol and ethyl phenylpropiolate. After 
removal of the excess of thiophenol by shaking the product with 
caustic potash and then boiling o£E the toluene used in the reaction, it 
remains behind as an oil which rapidly solidifies. The ester is fairly 
soluble in ether, readily so in boiling alcohol, and crystallises from 
the latter in slightly yellow spangles which melt at 95 — 96° On 
analysis : 

0*1577 gave 0*4156 CO^ and 0*0832 HgO. 0 = 71*87 ; H = 5*86. 
0*2324 „ 0*1927 BaS04. S = 11*40. 

requires 0 = 71*83 ; Jl*27 per cent, 

VOL. 4 l 
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^Thiophenyhirnimriic acid, O{S*O 0 H 5 )'.CH* COgH, is obtained 
by boiling the ester with alcoholic potash for 1 hour. After the 
alkaline solution has been freed from alcohol as completely as possible 
by distillation on the water-bath, water is added to the residue, and 
the solution acidified with sulphuric acid. The white precipitate, thus 
formed, is almost insoluble in water, but dissolves readily in ether or 
alcohol, and crystallises from the latter in colourless needles which 
melt at 163° with evolution of gas. On analysis:' 

0-1574 gave 0-4060 OOg and 0-0685 HgO. 0 - 70*34 ; H = 4*83. 

reqmres O =* 70*31 ; H « 4*68 per cent. 

The solution of the acid in ammonia gives with copper sulphate a 
light green precipitate which does not blacken at 100°. On adding 
silver nitrate to the same solution, a white silver salt is formed, which 
decomposes when heated on the water-bath, but can be dried in a 
vacuum over sulphuric acid. On analysis : 

0*3993 left on ignition 0*1193 Ag. Ag = 29*87. 

Oj^Hji^OgSAg requires Ag = 29*76 per cent, 

Tkiophmylstyrene, O 6 H 5 ’C(S* 0 gH 5 )* 0 H 2 . 

jS-Thiophenylcinnamic acid, like the corresponding phenoxy-acid, on 
heating, loses carbon dioxide, and tMophenylstyrene is formed. It 
is a yellowish oil with a peculiar aromatic odour, boils at 174 — 175° 
under 14 mm. pressure, and has the density d 28°/28° 1*1024. On 
analysis: 

Q-1590 gave 0*4603 GOg and 0*0820 HgO. 0 ^ 78*95 } H 5*73. 

requires O 79*24 ; H » 5’66 per cent. 

Thiophenylstyrene, when heated with mineral acids, is decomposed, 
yielding only thibphenol and acetophenone. 


M^ylThio^imy^umarate, GO^C^^*C(B*CQ'E^y.O'n.*CO^Q2Bi^^ 

The union of thiophenol with ethyl acetylenedicarboxylate takes 
place with development of heat, when the unsaturated ester (1 mol.) 
is carefully added to sodium thiophenolate (1 mol.) suspended in 
toluene. The oil which remains behind on treating the product of the 
3 Ceaction as in the former cases, is subjected to fractional distillation 
m a vacuum. The iarg^t portion boils under 12 mm. pressure at 
^ — 202 °; then the thermometer rises, and between 220 ° and 260° 

|||V^ which partially solidifies. The 

colour and its density 

Ifcll 
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0-2010 gave 0*4437 OOg and 0*1090 HgO. 0 = 60-20 ; H = 6-02. 

requires 0 = 60*0 ; H = 5'71 per cent. 

The ester is most probably to be regarded as ethyl thiophenyl- 
famarate, since it is formed in a manner similar to the additive 
product of phenol with ethyl acetylenedicarboxylate, which has been 
shown to be ethyl phenoxyfumarate. Ethyl thiophenylfumarate, as 
mentioned above, on boiling with alcoholic potash, breaks up and 
yields phenyl disulphide, the oxidation product of thiophenol. The 
alkaline liquor, after removal of the alcohol, does not give a precipitate 
with sulphuric acid. Ether extracts from the solution an oil which 
distils under diminished pressure, and, on standing, solidifies to a 
mass of colourless needles, which dissolve in alcohol and ether, and 
melt at 60 — 61°. The melting point, as well as the following analysis, 
prove the substance to be phenyl disulphide. 

0*2037 gave 0*4924 COg and 0*0880 HgO. C = 65*92 ; H: = 4*80, 
CjgHjQSg requires 0 = 66*05 ; H=4*58 per cent. 

Ethyl 2 L^-dithiophenylsuccinatey COgCgHg* OHg* COgOgHg, 

is contained in the higher boiling portion of the product formed by 
the action of sodium thiophenolate on ethyl acetylenedicarboxylate. 
It is readily soluble in alcohol, fairly so in ether, and crystallises 
from the latter in large prisms which melt at 82—83° On analysis : 

0*2047 gave 0*4600 COg and 0*1065 HgO. 0 = 61*29; H = 5*78. 

0-2157 „ 0-2548 BaSO^. S = 16*22. 

OgoHggO^Sg requires 0 = 61*54. H = 5*63; S = 16*41 per cent. 

Ethyl sis-diphenoxysucoinafe, 00202H5*C(0*OgH5)2*OH2"00202H5. — 
The fact that ethyl dithiophenylsuccinate accompanies the formation 
of ethyl thiophenylfumarate induced us to examine the portion of the 
oil of high boiling point which is formed by the' action of sodium 
phenolate on ethyl acetylenedicarboxylate (compare this rol., 1121). 
By means of a careful fractional distillation, we were able to obtain a 
yellowish, viscous oil, which distilled at 232 — 233° under 15 mm, 
pressure, and, on analysis, gave numbers agreeing with those required 
for the above formula : - 

0*1778 gave 0*4395 OOg and 0*0963 HgO. 0 = 67*41 ; H= 6*18. 
OgoHggOg requires 0 = 67*03 ; H-6-14 per cent. 

Action of SulphuriG Acid on ^^Phenoxydnnamio Acid, 

^-Phenoxycinnamic acid dissolves in concentrated sulphuric acid, 
with development of heat. After standing for 24 hours, water is 
gradually added while the solution is kept cool by a freezing mixture 
of ice and salt. A white precipitate is formed, and at the same time 

4 L 2 
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the odour of acetophenone becomes perceptible. The solid crystallises 
from a mixture of benzene and light petroleum in colourless needles 
which melt at 103 — 104° with evolution of carbon dioxide, and yield 
acetophenone. These properties are characteristic of benzoylacetic 
acid, and the composition of the acid has been verified by the following 
analysis : 

0-1842 gave 0-4455 COj and 0-0850 H^O. O = 66-96 ; H - 6-12. 

OjjHgOg requires 0 = fi5 *85 ; H —4*88 per cent. 

Phenol, which must be regarded as the other product of this decom- 
position of ^-phenoxycinnamic acid, probably passes into solution as 
(h and j?-phenolsulphonic acids. 


Action of Sulphuric Add on Phmoxyfumaric Acid, 

We have previously mentioned that phenoxyfumaric acid differs 
from ^-phenoxycinnamic acid, inasmuch as sulphuric acid partially 
reacts with it according to the equation 


co,H.o:o^co,H . ^ 

and yields benzo-y-pyronecarboxylie acid. At the same time, a 
transformation takes place similar to that which the aryl ether of 
j 8 -hydroxyeinnamic acid suffers, and there are formed, on the one 
hand, the products of the decomposition of oxaloacetic acid, namely, 
oxalic and acetic acids, and on the other, phenol, which, under the 
influence of the sulphuric acid, changes into its sulphonic acids. 

Add,— 'Eos the preparation of this sub- 
stance, phenoxyfumaric acid is dissolved, at the ordinary temperature, 
in concentrated sulphuric acid, the solution allowed to stand over- 
night, and then gradually added to ice-cold water. Benzo-y-pyrone- 
carboxylic acid is precipitated as a white solid which is sparingly 
soluble in water, but readily so in alcohol. It crystallises from the 
latter in colourless needles which melt and decompose at 250 — 251°. 
On analysis : 


0*1948 gave 0*4508 COg and 0*0606 HgO. 0 « 63*11 ; H = 3*45. 
1^12 „ 0*4638 002 „ 0*0600 HjO. 0 = 62*86 3 H=3*31. 

^ CjgHgO^ requires 0 = 63*16 ^ H = 3*16 per cent. 

The acid dissolves in ammonia with great ease; on adding silver 
fijMlrate to the solution b, silver salt is formed which is soluble in 
:;wat^ and crystallises from it in colourless needles. The salt 
does not lose at 110 °), as shown by the 
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0*2003 left on ignition 0’0686 Ag. Ag = 34*24. 

0*2493 „ „ 0*0858 Ag. Ag = 34*30. 

Ci<)H 504 Ag,H 20 requires Ag=: 34*28 per cent. 

^ ^CO-CH 

Benzo^-pyrone, 

On heating benzo-y-pyronecarboxylie acid in a vacuum, it loses 
carbon dioxide, and an oil passes over which, after a short time, sets 
to a solid. This dissolves with the greatest ease in ether, alcohol, 
chloroform, or benzene, but is less readily soluble in light petroleum 
(b. p. 70 — 80°), and crystallises from it in flat needles which melt at 
69°. On analysis : 

0*1190 gave 0*3230 QO^ and 0*0455 H^O. 0 = 74*02 ; H = 4*25. 
OgHgOg requires 0 = 73*97 j H = 4*ll per cent. 

" Benzo-y-pyrone dissolves in cold concentrated sulphuric acid, and 
the yellowish solution shows a blue fluorescence. 

We are continuing the study of benzo-y-pyrone, and propose to 
examine the action of sulphuric acid on the homologues of phenoxy- 
fumaric acid, in the hope of thus obtaining derivatives of benzo-y- 
pyrone with alkyl groups in the benzene nucleus. 

Gonyille and Caius College, 

Cambeidge. 


CX . — Contributions to the Chemistry of Hydrotetrazines 
and Triazoles. 


By Oswald Silberrad, Ph.D. 


In a paper, ‘‘Ueber die Polymerisationsproducte aus JDiazoessig- 
ester,” by Hantzsch and the author 1900, 33, 58), the synthesis 
of dihydrotetrazine was described and its constitution determined* 
The present paper deals with some of the derivatives of this substance, 

sym-S : ^-DimethylMydrotetrazim^ 

This base was first obtained by Pellizzari {Atti E, Accad. lMhC6% 
1899, [v], 8, 327). It is obtained, together with aniline, when diacet- 
anilide and hydrazine hydrate in molecular proportion are heated to- 
gether at 260° for 4 hours,* 


* These two substances were heated together in an attempt to obtain l-phenyl- 
2 : 6 -dimethyl-1 ; 8 : 4-triazadien-2 : 4, thus ; 

. 00 * 0^3 ^ 




H,N 


= , CeHB-lSr< 


■0(CHs):i!r 


+ 2ll2^» 


with a view to throwing light on the tautomeric character of the triazoles, a question 
which is now being investigated from a different standpoint. 



1186 


SILBEEBAD: CONTRIBUTIONS TO THE 


The reaction lua^ be explained thus : 


n -a w^O-OHj HaN-NHj _ „ „ ^ OHs-CO-NH-NH». 

CgH5l>r<^O.OH! h!f*Nh! ~ ^6^8 + nHf-OO-NlT-'NH^ 


HgF'NH^ ~ ^6-s -r oh;-CO-NH-NH' 


the acetylhydrazine then undergoes condensation to dimethyldihydro- 
tetrazine. 

The product was subjected to distillation. In the first fraction, collected 
below 210® water, aniline, and traces of phenylhydrazine were de- 
tected, The second fraction, collected above 260®, solidified, and, on 
crystallisation from chloroform, yielded a substance melting at 196®, 
which proved on analysis to be dimetbyldihydrotetrazine. 


B’omid C=:42'ri ; H=7‘22 ; ir-50-22 and 50*20. 

04HgH4 requires 0 = 42*86 ; H = 7*14 ; N = 50*00 per cent, 

Dimethyldihydrotetrazine hydrochloride, 04H3li74,H01, results on the 
addition of hydrochloric acid to an alcoholic solution of the base. * It 
is very soluble in water, but less so in absolute alcohol, from which it 
crystallises in prismatic needles melting at 232®, with loss of hydrogen 
chloride. 


Found IT = 37*74 ; Cl = 24*00. 

040^^401 requires 37*74 ; 01 = 23*86 per cent. 


Sodium amalgam in alcoholic solution is without efiect on the base ; 
with acetic acid and zinc dust, ethylhydrazine is not obtained (compare 
Hantzsch and Silberrad, B&r,, 1900, 33, 61), but after boiling, ether 
extracts from the filtrate, made alkaline with caustic soda, traces of a 
thick, oily substance, which has an odour resembling that of turpen- 
tine, resmifies immediately on exposure to air, and reduces Fehling's 
solution in the cold. Possibly this substance is dimethylbexahydro- 

tetrazine, GH3*CH<C^j^,^^^>CH*OHg, but it could not be obtained 


pure or in sufficient quantity for investigation. 

Action of Bmzoyl GMofride , — An aqueous solution of the base was 
shaken with an excess of benzoyl chloride and caustic soda solution in 
molecular proportion for 6 hours, excess of caustic soda was then added, 
and the mixture again shaken for a few hours. The crystalline product, 
after washing with water, ether, and crystallising from alcohol, melted 
at 238®, and proved to be 53/w-dibenzoylhydrazine. 


Found 0=69*98 ; H=:5*16; 11*71. 

^14^^1202^2 0 = 70-00; H=6*00; N = ll*67 per cent. 


^ Aoefe acid readily detected in the alkaline mother liquor. The 
; may be expressed by the following equation : 

Hh 40^Hg-OOqi 4- ASTaOH = 




C&JIMISTRY of HtOROTFlTRAZlNES Ai^D TRIAZOLFS, 1187 


3 : ^-Dimethyl-1 : 2 : ^triazoU, 

Dmi&thyliHazole Nitrate, C^Hi^NgjELNOg. — To prepare this substance, 
a 5 per cent, solution of dimethyldihydrotetrazine is saturated at 0° 
with nitric oxides, and the resulting yellowish solution, after standing 
for a few hours, evaporated to dryness on the water-bath. The nitrate 
separates as a colourless, acid, very deliquescent, crystalline mass. 
It crystallises from water, in which it is very soluble, in colourless 
needles, and from absolute alcohol, in which it is less ' soluble, 
in shining leaflets, melts at 125°, and decomposes explosively on 
heating. 

Found N = 35*22. 0 ^H 303 N 4 requires N =» 35*00 per cent. 

Dimethyltriazole Eydrochloride, 04Hy!N’3,H01, is readily obtained from 
the nitrate as follows. A concentrated solution is treated with excess 
of sodium ethoxide, filtered from the precipitated sodium nitrate, the 
excess of sodium ethoxide removed with excess of alcoholic hydrochloric 
acid, and the resulting solution evaporated to the crystallising point* 
On recrystallisation from a mixture of absolute alcohol and chloroform, 
the hydrochloride separates in indistinct needles or leaflets and melts 
at 199°. Traces of moisture lower its melting point in a very marked 
degree. The salt has an acid reaction, is exceedingly soluble in water 
and very hygroscopic* It was analysed with the following results ; 

Found N- 31 *01; 01-26*12. 

C^HgNgCl requires N — 31*48 ; 01* 26*54 per cent* 

Dimethyl-l ; 2 ; 4:*triazole is obtained when the aqueous solution of 
the hydrochloride is treated with a slight excess of moist silver oxide 
and the solution evaporated in a vacuum. Evaporation on the water- 
bath brings about considerable loss owing to the volatility of the base. 
It is very soluble in water or absolute alcohol, less so in benzene or 
chloroform, from which it separates in colourless, prismatic needles, 
or shining leaflets, melting at 142° and boiling undecomposed at 258° 
under 752 mm. pressure, . 

Found, 0-49*70 * H- 7*41 j N- 43*08 and 43*18, 

requires 0 — 49*48 ; H — 7*22 ; 'N — 43*30 per cent* 

The formation of this substance by the method indicated is pro* 
bably preceded by the production of dinitrosodimethyldihydrotetrazine, 

indicated by the transient yellow colora* 

tion. This rapidly undergoes dojomposition in the presence of water 
with the evolution of nitrogen and formation of the nitrate, thus : 
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Any doubt concerning the constitution of this body is removed by 
its synthesis from acetamide and acetylhydrazine, which condense on 
heating, as shown by the following equation ; 


OH,-C<^2+^_^0^0-OH8*OH3-0<^:;;|>C-OH3+2H20. 

When a mixture of acetamide and acetylhydrazine in molecular 
proportion, after heating to 220® for 4 hours, is subjected to distillation, 
dimethyl-1 : 2 : 4-triazole passes over to the extent of 90 per cent, of the 
theoretical between 255® and 260° under 754 mm. pressure. The pro- 
duct was identified by analysis (N = 43*32 per cent.), melting point 
(142®), and analysis of its nitrate (N= 35*18 per cent.), which melted 
at 125®. 

Silver Dirmthyltriazole^ O^HgNgAg, is obtained as a white precipitate 
on adding silver nitrate to a mixture of ammonia and the base in 
molecular proportion. It is soluble in ammonia, nitric acid, or acetic 
acid, is fairly stable on exposure to light, and decomposes with evolu- 
tion of cyanogen on heating. 

Found, N — 20*41. 04 B[ghr 3 Ag requires N « 20*62 per cent. 

In all probability, this salt is a mixture of 4-silver-3 : 5-dimethyl- 
1:2: 4-tria2adien (1 : 2) and 1 -silver-3 : 6-dimethyl-l : 2 ; 4-triazadien 
(2 : 4), as will be shown in a later communication. 

sym-3 : 

This substance was obtained by Pinner 1894, 27, 1006) by 
the action of hydrochloric acid on 3 *. 6-diphenyl-l : 2-dLhydro-l : 2 : 4 : 5- 

tetrazine, and was termed diphenyka£?di- 

hydrotetrazine by him. It is formed in small quantity, together with 
benzonitxile, diphenyltriazole, and diphenyldiazoxole (dibenzenykso- 
azoxime), which are the chief products, when benzoylhydrazine is 
heated at 260° for several hours. 

The production of the last two compoxmds appears to be due to the 
intermediate formation of a^dibenzoylhydrazine, and may be ex- 
pressed as follows : 

<i). + CeH6-C<o®‘^^>0-CgH5 = 

2C,H3*C<g^>C*03H3 + SHjO + O. 

3 : fi-Dipheuyl-l ; 2 : 4-triazale. 
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To the liberation of oxygen the production of benzonitrile is 
evidently due, thus : 

+ 0, - 20sH5-CN + 3H,0. 

(ii). CgH^- 0<g^’^^>C-C,H5 = CeHg- O^o^C-OeHa + H^O. 

Diphenyldiazoxole. 

The isolation of the products was conducted as follows. Fifty 
grams of benzoylhydrazine were plunged into an air-bath at 260^ 
and maintained at that temperature during several hours ; if raised 
gradually to 260% no diphenyldihydrotetrazine is produced. During 
this process, benzonitrile, together with traces of benzoic acid, distilled 
off, and was identified in the usual manner. 

Isolation of sym-S : Q-Diphenyldthydrotetrazine, — The npn-volatile 
residue was finely powdered and extracted with warm 20 per cent, 
hydrochloric acid so long as anything dissolved. The solution was 
neutralised with ammonia, filtered, and the precipitate washed with 
ether and repeatedly crystallised from absolute alcohol. By this 
means, shining leaflets (0*5 gram) melting at 263*^ were obtained, 
which proved on analysis to be diphenyldihydrotetrazine. 

Found C«71-03. H = 6*29; N* 23*86, 

<^14^12^4 requires 0 = 71*1 9 s H = 5'08> N- 23*73 per cent. 

Isolation oj 3 : ^-DvphmylA. : 2 : ^-triazoU^ 

— The residue was well washed with ether to remove traces of benzoic 
acid, and then extracted with fairly dilute caustic soda solution so 
long as anything dissolved. The solution was then treated with a 
slight excess of dilu^ sulphuric acid, the precipitate washed with 
ether, and repeatedly crystallised from alcohol. By these means, flat, 
prismatic crystals melting at 188^ were obtained, which proved on 
analysis to be hydrated diphenyltriazole. The yield amounted to 
18 grams. 

The substance lost 7*84 per cent. HgO at 100°. 

0^4Hi^lTg,H20 requires H20 = 7*63 per cent. 

The anhydrous product melted at 192% and on analysis gave the 
following results : 

Found 0 = 75*88 ; H=5*32 ; 17=18*75. 

Cj4Hij 173 requires 0 = 76*01 ; H-«4*98; 17=19*00 per cent. 

Isolation <f BifhenyldiazomoU, — ^The re- 

sidue, after extraction with caustic soda, was repeatedly crystallised 
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from abisolute alcohol, whereby feathery needles melting at 140° were 
obtained, which, on analysis, proved to be diphenjldiazoxole ; the 
yield amounted to 7*5 grams^ 

Found, 0 = 75*49; H = 4*80j 3Sr=12*48. 

requires C = 75*68 ; H = 4*50 ; N = 12*61 per cent. 

Biphenyldiazoxole sublimes on heating in Imutiful, fem-Iike, 
branching needles. 

S^the8i$ of sym-3 : — ^This substance may 

be obtained in theoretical quantity by heating benzoylhydrazine 
(3 parts) at 230° under such conditions that the formation of di- 
benzoylhydmzine cannot occur, namely, in the presence of excess of 
hydrazine hydrate (1 part). 

+ h,n.hn><^-W = 

C6H5-0<^5rH>^*W + 2H,0. 

The product, a colourless, crystalline mass, is freed from mother 
liquor and crystallised from absolute alcohol, from which it separates 
in colourless, nacreous leaflets, and melts at 260° (Pinner gives 258°). 
The yield amounts to 96 — 97 per cent, of the theoretical : 

Found, N = 23*70. requires N = 23*73 per cent. 

The aqueous mother liquor was found to contain ammonia, benzoic 
acid, and hydrazine hydrate, corresponding to 40 per cent, of. that 
used. 


Action of 3oa^ on oorBmzoylpJmiylhydA^ 

The eSect of heat on ota-benzoylphenylhydrazine was studied with 
a view to the production of ay?»-l : 3 : 4 ; 6-tetraphenyldihydrotetr- 
azinej the desired condensation, however, did not occur. One 
hundred grams of oa-benzoylphenyihydrazine were heated at 260° in 
an air-bath for 6 hours, during which operation ammonia was 
evolved and a faintly coloured, crystalline substance distilled over 
which proved to be a mixture of benzoic acid and benzophenone. The 
dark coloured non-volatile product was digested with benzene, the 
l<dation filt^^ from a .black, insoluble residue, heated to boiling, 
treated with about twice its volume of boiling petroleum (b. p, 
and filtered while hot from a black, resinous substance. On 
^ a seini-^crystaliine, resinous mass separated ; this was recrys- 

from chloroform, dissolved in alcohol, and boiling water 
t solution^ which was then filtered from a dark, resinous 
l ^lqwed to cool uhtfi the substance which was separat- 
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ing was almost white and possessed a crystalline structure ; the liquid 
was then rapidly filtered. 

The solution, now almost colourless, ■vfras heated to boiling, hot 
water added until a slight permanent cloudiness existed, and then 
allowed to cool, when an almost colourless, crystalline compound melt- 
ing at 154*^ separated. This was freed from mother liquor and re- 
crystallised three or four times from absolute alcohol, then from 
benzene till its melting point rose to about 1 60°, and finally sublimed 
between watch glasses, whereby colourless, shining needles melting at 
162° were obtained. These on analysis proved to be benzoylanilide, 
and not the desired tetraphenylhydrotetrazine. 

Found, G « 79*34 ; H = 6*80 ; N = 7*23. 

CjgHiiON requires 0=79*19 ; H = 5*68; 1:7=7*11 per cent. 

The identity of this substance was further established by boiling it 
with hydrochloric acid, whereby it underwent hydrolysis with pro- 
duction of benzoic acid and aniline, which were identified in the usual 
manner. 

An endeavour to produce tetraphenyldihydrotetrazine on lines anal- 
ogous to those so successful in the case of diphenyldihydrotetrazine, 
namely, by heating aa-benzoylphenylhydrazine with phenylhydrazine, 
led to the same result. No traces of a body corresponding in any way 
to a tetraphenyldihydrotetrazine could be detected. Mixtures of equal 
parts of oa-benzoylphenylhydrazine and phenylhydrazine heated at 
temperatures below 230° still contained unaltered benzoylphenyl- 
hydrazine, whilst at higher temperatures the decomposition products 
of the phenylhydrazine rendered the isolation of any compound even 
more tedious than that just described. 

In conclusion, I wish to express^ my thanks to the Government 
Grant Committee of the Royal Society for pecuniary assistance, and 
to the Committee of the Davy-Faraday Laboratory of the Royal 
Institution for allowing me the use of the laboratory. 

BAVT-?AEAnAY LABOKATOST, ' 

Royal Institution. 


OXI . — Isomeric Dibenzyl Ketone Benzalanilines and 
Deoxyhenzoin Benzalanilines. Panrt II. 

By Francis F. Francis, Ph,D., B.Sc,, Lecturer in Chemistry, 
University College, Bristol. 

In a previous paper (Trans., 1899, 75, 866), three isomeric additive 
products of benzalaniline and each of the two ketones, dibenzyl ketone 
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and deoxy benzoin, were described, and it was suggested that they were the 
analogues of the substances obtained by Schiff from ethyl acetoacetate 
and considered by him to be derived from the ketonic, enolic, and keto- 
enolic modifications of that ester. For the sake of convenience, these 
additive products are termed in this paper a-, y-, that obtained 

from the pure ketone being the a-, that obtained by the action of 
piperidine the and that by the action of sodium ethoxide the 
y-modificatioru The fact that they are slightly basic h^s made it 
possible to effect the isolation of unstable hydrochlorides which are 
different in the case of the a- and jS-, but identical in the case of the 
and y^modifications. It was previously pointed out that these 
isomeric derivatives resemble one another very closely in appearance 
and properties, and that the differences in melting point alone differ- 
entiated them from each other, consequently the isolation of different 
hydrochlorides is important. The behaviour of these hydrochlorides 
with absolute alcohol is interesting ; the a-salt dissociates, yielding a 
mixture of a- and y-base, whereas the or y-salt is transformed almost 
completely into the a-base. The additive products from dibenzyl ketone 
have been more thoroughly examined than those from deoxybenzoin, 
and it appears that the a-form is the most stable, the others being 
converted into it by the action of heat. It was further noticed that 
whereas piperidine readily converts the a-, and less readily the y-, into 
the ^form, phenylhydrazine, which appears to act in a similar way, 
converts the a- into the fi-, but not the y- into the jS-modification. It 
should be remarked, however, that in all these cases of transformation, 
the only criterion of the change is the alteration in melting point, and 
although so far as the work has gone at present these changes appear 
to be similar in the analogous substances employed, yet further investiga- 
tions, which are in progress, are necessary before the question can be 
considered definitely settled and theoretical deductions drawn. 


JBenzalanUine and Dibenzyl Ketone. 

(i) a-Dtbenzyl Ketone Benzalaniline , — This substance, prepared as 
previously described, and melting at 164—165°, showed a slight rise 
ia the melting point on repeated recrystallisation from boiling ethyl 
or methyl alcohol, in which it is only slightly soluble, the maximum 
rise being from 165° to 168°. If heated in a sealed tube at 150°, com- 
plete decomposition into aniline, benzaldebyde, and dibenzyl ketone 
takes placa When melted, allowed to cool, and then recrystallised 
from benzene it showed an unchanged melting point. 

Qrffp^f'ochhride, — ^If the a-additive product is dis- 

solved in excess of toluene and dry hydrochloric acid gas is passed in, 
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the salt crystallises out in quantitative amount. On analysis, the 
following result was obtained ; 

HCl found 8'37, calculated 8*53 per cent. 

Tfc is a white, crystalline powder melting at 155*5°, and dissociating 
with water, giving the a-base melting at 164*5° If treated with 
absolute alcohol, dissociation takes place in the cold, but if the solution 
is heated, the base which has separated out in the form of a white, 
bulky, crystalline mass gradually passes into solution, complete de- 
composition having taken place. The base recovered after the treat- 
ment with cold alcohol has a much higher melting point, namely, 
174°, and on recrystallisation from benzene was found to melt fairly 
constantly at 172 — 173'5°. The following combustion showed that it 
had the same composition as the a-modification melting at 164 — 165°. 

Found 0 = 85*90 j H- 6*68. 

OggHgsON requires 0 = 85*93; H = 6*39 per cent. 

When this substance is treated with piperidine, the melting point 
rises from 172 — 174° to 183 — 183*5°. The product may be recrystal- 
lised from chloroform and light petroleum, and shows an unchanged 
melting point, but after a few recrystallisations from pure benzene the 
melting point falls to 178°. It gives a hydrochloride, when treated as 
previously described, which melts at 158*6°. When this is treated 
with absolute alcohol, the resulting base melts indefinitely between 
174° and 176°. Its behaviour is very similar to that of a mixture of equal 
amounts of the a- and y-modifications, as is shown in the following 
table : 


Mixture of eqiial weights of «- and y- 
base crystallised from benzene and 
light petroleum. 

Base from a-hydrochloride with 
absolute alcohol. 

M. p. 173-174-6*. 

M. p. 172-174®. 

Hydrochloride : m. p. 168*6 — 159®. 

Hydrochloride: m. p. 168*6®. 

Piperidine gives base m. p. 188®, which 
falls to 176 —176 *6® on recrystallisa- 
tion. 

Piperidine gives basem, p. 183—188*6®, 
which falls to 176® on recrystallisa- 
tion. 

Kept at temp, of m. p. for several 
minutes aud reerystaliised, m. p. 
166-168*5®. 

Kept at temp, of m. p. for several 
minutes and recrystallised, m. p. 
166— 168®. 


(ii) j3-J)ihenzyl Ketone Benzalaniline.—Thls mojdifi.cation is obtained 
by the action of piperidine on the a-form as previously described, anc 
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melts afc 174 — 175% but if kept for several minutes at a temperature 
of 163 — 164% it slowly melts; also if melted in a tube and then re- 
crystallised from boiling benzene, it melts at 163 — 164° The change 
from the a- to the /&-form may also be brought about by means of 
pbenylhydrazine either alone or dissolved in benzene ; the resulting 
substance melts at 174% and since no change takes place on treating 
this with piperidine, this modification and that obtained by using 
piperidine are presumably alike. 

pSyc^ocMoride , — This salt is prepared in a similar way to the 
a-compound. A determination of the hydrogen chloride gave the 
following result : 

HCl found 8*17 ; calculated 8*53 per cent. 

It is a white, crystalline powder melting at 162% and is dissociated 
by water, giving the /5-base melting at 174° On treatment with 
absolute alcohol, dissociation also takes place ; the resulting base melts 
at 171 — 172% but on several recrystallisations this drops to 163 — 164% 
and the product; presumably is the a-modification, since on treatment 
with piperidine the melting point rises to 174°. If the hydrochloride is 
kept for a few minutes at a temperature of 155% or the temperature 
at which the a-salt melts, it also slowly melts. 

(iii) y-JDihemyl Ketone Benzalaniline was obtained from either the 

or jS-modification by the action of a trace of sodium ethoxide. It 
melted at 181—182% but when kept at the melting point for several 
minutes and then recrystallised from benzene, it shows a melting 
point of 164% being changed to the a-modification. Piperidine with 
gome difficulty, but not phenylhydrazine, gives the ^-form melting at 
; 174%' ' 

y-ffydrocMoride. — ^The hydrochloride (HCl =« 8*46 per cent,), obtained 
in a similar manner to the others, appears to be the same as that from 
the ^-modification. This is shown in the following table : 


i5-Hydrochloride. 

Hydrochloride from 7 -modification, 

M. p. 161— 162^ 

M. p. 161". 

Dissoeiates with water giving base m. p. 
174^, 

Dissociates with water givinp: base m. p. 
174—174-5". 

Bisaociates with absolute alcohol giving 
base m, p. i6S — 164°. 

Dissociates with absolute alcohol giving 
base m. p. 164—165". 


The following diagram illustrates the relationship between the 
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M. p. 174^ 

[Hydrocliloride, m. p. 162®]. 



«» Sodium ethoxide. 

M. p, 164®. > 

[HydrocMoride, On melting, 

m, p, 166*5®]. 


7 * 

M. p. 181—182®. 
[Hydrochloride, 
m. p. 161®]. 


JSenzalaniline and Deoxyhenzoin, 

(i) a-Deoxyhmzoin Bmzalanilim , — As previously noticed, in the 
formation of the a-modification melting at 154° small quantities of a 
substance possessing a much higher melting point are formed, but 
sufficient quantities of this for a satisfactory analysis have not been 
obtained. If, instead of keeping molecular quantities of the two 
constituents at a temperature of 60 — 70° until the additive product 
separates out, a solvent such as light petroleum, or ethyl or amyl 
alcohol be employed, insoluble substances of very high melting point 
are produced ] these have not yet been investigated. 

a-EydroMoride . — ^The additive products do not appear to be so basic as 
those previously described, and seem capable of forming salts containing 
varying amounts of hydrogen chloride. If benzene is used as solvent 
and gaseous hydi^ogen chloride is passed in, mnall, colourless needles 
melting at 104° separate out. These may he reorystallised from 
benzene and light petroleum, and show an unchanged melting point, 
Two analyses gave the following results : 

HOI found 6 '68 and 6*70 per cent. 

CgYHggONjHCl requires HOI 8*82 per cent. 
402yH280N,3H01 „ Hai=6*77 „ 

If this salt is dissolved in chloroform and the solution saturated 
with hydrogen chloride, on. the addition of light petroleum small 
quantities of large, well-formed, colourless rhbmbohedra melting at 
124° slowly separate. .Even these only contain HC1~7*10 percent. 
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and rapidly dissociate on exposure to air. The first salt is much the 
easier to obtain. When seen in bulk, it is a white, crystalline powder 
which dissociates with water, giving the a-base melting at 154 — 155°. 
In an analogous manner to the corresponding a-salt of dibenzyl ketone 
benzalaniline, it also dissociates with alcohol, the melting point of 
the resulting base being 158*5 — 159°, whereas the a-modification melts 
at 154—155° 

(ii) p-Deoxyhmzoin Benzalaniline , — This modification, prepared as 
previously described, and melting at 164 — 165°, is transformed into 
the a-form by the action of heat in a corresponding manner to the 
dibenzyl ketone derivative. The hydrochloride, obtained in a similar 
manner to the a-salt, melts at 122*5°, and is dissociated with water, 
regenerating the ^-base melting at 16S — 164° A determination of 
the amount of hydrogen chloride present gave the following result ; 

HOI found 6*68 per cent. 

4C27H230N,3HC1 requires HC1 = 6'77 per cent, 

(iii) y-Deoxyhenzoin Benzalamline . — This modification, melting be- 
tween 173° and 174°, like the corresponding dibenzyl ketone derivative, 
gives a hydrochloride which appears to be identical with that obtained 
from the ^-form. It melts at 123°, whereas the /?-salt melts at 122*5% 
and on treatment with water gives the j8-base melting at 164*5°. 

Further experiments are being carried but with these derivatives of 
deoxybenzoin, and with dibenzyl ketone, using benzal-^toluidine in- 
stead of benzalaniline ; it has been noticed that benzal-o-toluidine, 
under precisely similar conditions, does not form additive products. 


CXIJ . — Condensation of Methyl Acetonedicarhoxylate* 
Constitution of OTcinoltricarhoxylic Esters, 

By F. W. Dootson, M.A. 

Many years ago, it was shown by Oornelius and Pechmann that" ethyl 
acetonedicarboxylate, when heated in the presence of sodium, con- 
denses to triethyl orcinoltricarboxylate {Ber,^ 1886, 19, 1446). More 
recently, the subject has been investigated by Pechmann and Wolman 
(Ber., 1898, 31, 2014) and by Jordan (Trans., 1897, 71, 1106; 1899, 
73, 808), and a variety of methods have been described for the prepara- 
tion of the triethyl ester. The most successful of these methods 
depends upon the so»^aUed catalytic action of sodium ethoxide, and by 
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means of this reagent, a maximum yield of 50 per cent, of the theo- 
retical is obtained. 

During the progress of an attempt to prepare pure methyl acetone- 
dicarboxylate by fractional distillation of the crude material under 
reduced pressure, it was noticed that but a small amount of volatile 
material was obtained, and that a large quantity of crystalline residue 
remained in the retort. This residue showed little trace of the pre- 
sence of carbonaceous decomposition products, was light brown in 
colour, and on examination proved to be trimethyl orcinoltricarb- 
oxylate. 

The crude methyl acetonedicarboxylate employed was prepared by 
the action of hydrogen chloride on a solution of dry acetonedi- 
carboxylic acid in methyl alcohol in the usual way, and since it has 
been shown by Wolman and Pechmann (^oc. dt.) that the parallel con- 
densation is effected by allowing an alcoholic solution of ethyl acetone- 
dicarboxylate saturated with hydrogen chloride to stand for two or 
three weeks, it was thought possible that the condensation had been 
brought about in a similar way during the process of preparation,, 
since the methyl alcoholic solution, saturated with hydrogen chloride, 
had been allowed to stand for several hours before extraction with, 
ether. 

That the trimethyl orcinoltricarboxjlate was not formed in this 
way, and was not present previous to the distillation, at all events in 
more than mere traces, was shown by adding the crude methyl ace- 
tonedicarboxylate to a slight excess of potassium hydroxide dissolved 
in alcohol, filtering off the precipitated dipotassium salt of methyl 
acetonedicarboxylate, and acidifying the alkaline filtrate with dilute 
hydrochloric acid. Trimethyl orcinoltricarboxylate, which is readily 
soluble in dilute potassium hydroxide solution, reprecipitated by dilute- 
mineral acids and very sparingly soluble in dilute alcohol would, if 
present, have been precipitated. No such precipitate, however, was 
obtained, and further, a specimen of methyl acetonedicarboxylate, 
purified by conversion into the dipotassium salt, washing repeatedly 
with alcohol, acidifying with sulphuric acid, and extracting with ether 
in the manner described for the purification of the ethyl ester by 
Dunschman and Pechmann {Annahn, 1891, 261, 177) gave, on distil- 
lation, results precisely similar to those obtained from the crude 
materiaL The experimental details of the method are given below, 
but it may be here stated that the yield reaches upwards of 60 per 
cent, of the theoretical. 

This reaction of methyl acetonedicarboxylate is of interest as mark- 
ing a notable difference in behaviour between the methyl and ethyl 
esters. No trace of ethyl orcinoltricarboxylate could be obtained by 
the action of heat alone on ethyl acetonedicarboxylate— a result which 

VOL. LXXVII. 4} M 
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had also been previously arrived at by Jordan (loc, cit ) — whilst the 
ease with which the condensation of the methyl ester is efEected 
renders it one of the readiest conversions of a fatty compound into a 
member of the aromatic series that has hitherto been described. 

Applying the explanation of the behaviour of the ethyl ester given 
by Cornelius and Pechmann (jBer,, 1886, lj9, 1447) to the compound now 
under consideration, the course of the condensation would be repre- 
sented thus : 



CO ''' 00 + CH,-OH , 

I I ® 

CHg-CO-OH-COgMe 

the liberated methyl alcohol coming over in the first portions of the 
distillate. An intramolecular change simultaneously or subsequently 
takes place with liberation of water as indicated by the dotted lines, and 
a benzenoid compound is formed, which must possess one of the alter- 
native formulse represented by I and II : 

CHg-OOgMe CHg-OOgMe 

j OOgMe/ ^ -rx COnMef^ "^00„Me 

bnl JoH ohL Joh 


since on hydrolysis with sodium or potassium hydroxide at a moder- 
ately high temperature dihydroxyphenylacetic acid is formed, identical 
wiidi that obtained by Wolman and Pechmann (loc. cit.) from the 
corresponding triethyl ester. 

Although from the method of preparation it seemed highly probable 
that the methyl and ethyl esters are similar in constitution, this could 
not be regarded as certain without further evidence. This was sought 
by a series of experiments which at the same time confirm the view 


put forward by Jerdan {loc. cit.\ that the constitution of triethyl 
orcinoitricarboxylate is correctly represented by formula I. 

Since the only theoretical possibilities lie in the two formulse given 


above, it is obvious that if the position of the remaining hydrogen 
afewn of the benzene nucleus could be ascertained, the problem would 

e^i^ with nitric acid in the manner 

mtro-compound isolated., ,/ After 
reduced,, but ', iniitho '^substance. 
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thus obtained one mol. of alcohol had also been simultaneously 
eliminated. The ease with which this change takes place, occurring 
as it does both in alkaline solution and in suspension in dilute acids, 
is only consistent with the supposition that a S-lactam is formed, which 
could only happen in the case of a compound of the type of formula I. 
These relationships are shown thus ; 

OHg-OOgMe CHg-COaMe CHg-OO 

COoMof^ COaMe/^NO, OOnMe/V-NH 

ohI^oh. -* ohI^oh ohMoh 

WjMe 

L III. ly. 


Under the same conditions, triethyl orcinoltricarboxylate yields a 
corresponding compound, diethyl dihydroxyoxindoledicarboxylate. 

Like the triethyl derivative, trimethyl nitro-orcinoltricarboxylate 
could not be completely hydrolysed without simultaneous loss of 
carbon dioxide. The product obtained after boiling with sodium 
hydroxide was nitro-orcinoldicarboxylic acid, which, from a considera- 
tion of the work of Jerdan (Trans., 1899, 73, 808), would appear 
to have the constitution represented by the formula : 

OHa-OOgH 


V. 



loH 


Expeeimental. 

The condensation of trimethyl acetonedicarboxylate to trimethyi 
orcinoltricarboxylate was carried out as follows. Sixty-five grams 
of the crude ester were heated under atmospheric pressure in a 
distilling fiask placed in an oil-bath at a temperature of 170 — 

The first portion of the distillate consisted for the greater part of 
methyl alcohol. After two hours heating, the pressure was reduced to 
about 50 mm., and a gentle current of air drawn through, the heating 
being continued until practically nothing further distilled over. 
This portion of the distillate was chiefly methyl acetoacetate. The 
contents of the flask were poured out into a dish while hot, and the 
solid mass which formed on cooling was broken up, drained by the aid 
of the pump, and washed several times with small quantities of alcohol, 
when it became pale yellow in colour. The filtrate, together with the 
alcoholic washings, was heated again in the same manner and a 
further crop of crystals obtained. The distillate, on again being 
subjected to the same treatment, also yielded a further crop, but the 
amount was very smalL The total weight of washed crystalline 

4 M 2 
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substance obtained, which was nearly pure trimethyl orcinoltricarb- 
oxyiate, reached 34 grams. 

Taking as a basis the statement of Jerdan (Trans., 1899, 73, 808) 
that the product from acetonedicarboxylic acid and alcohol contains 
approximately 80 per cent, of the ester, this amount represents a 
yield of about 60 per cent, of that theoretically possible, whilst the 
yield of the ethyl ester appears to reach 50 per cent, as a ihaximum. 

The crude substance was recrystallised twice from alcohol, decolor- 
ised by a little animal charcoal, and obtained in large, nearly coIouth 
less needles melting at 144 — 145® (uncorr.). The following numbers 
were obtained on analysis : 

0-2732 gave 0-5239 COg and 0*1150 HgO. 0 = 52 *28 ; H = 4-67. 

0-2687 „ 0*5142 002 „ 0*1120 HgO. 0 = 52*36; H = 4*63, 
OjgHi^Og requires 0 = 52*35 ; H = 4*69 per cent. 

This substance is readily soluble in alcohol, benzene, or glacial 
acetic acid. Water dissolves it moderately on boiling. A dilute 
aqueous solution gives a dark brown colour with ferric chloride. It 
is dissolved easily by alkalis, and by alkali carbonates on warming, 
and from these it is reprecipitated by dilute mineral acids. It appears 
to be hydrolysed more readily than the corresponding ethyl ester. On 
boiling for half an hour with dilute aqueous sodium hydroxide (1 in 
10), acidifying with dilute sulphuric acid, and extracting with ether, 
a thick, strongly acid oil was obtained, which crystallised on standing* 
Erom its general behaviour, this was presumably the dihydroxyphenyl- 
acetic acid obtained by Cornelius and Pechmann (J^., 1886, 19, 
1449). It was converted into the lead salt, which after purification 
from water gave the following numbers on analysis : 

>2910 at 110®!^^ H20 = 6*6S. 

0^3591 gave 0-1888 gram PbSO^. Pb = 36*00. 

0*2307 „ 0*1197 gram PbSO^. Pb = 35*46. 

(G8H5.04)2Pb,2H20 requires HgO = 6*24 ; Pb = 36*04 per cent. 

Mtmtim of Orcinoliricarhoxylic Esters. — Both the methyl and ethyl , 
esters are nitrated with the greatest ease by dissolving them in cold 
nitric acid of sp. gr. 1 *4, gently warming for a few minutes to 
50 — 60®, when the nitro-compound begins to separate out, and thei^ 
upon diluting largely with water, A copious precipital^ is obtained, 
which is best purified by several recry stallmtions from methylated 
The methyl ester thus prepared melted at 157 — 158® 
(^iUcorr*),/and gave the following numbers on analysis ; 

•4556 COg and 0*0932 HgO. 0 = 45*25 ; H=3*77. 

2*3 C.C. nitrogen at 20° and 7 60 mm. H = 4*58. 
^uiros C = 45*48 ; H = 3*79 ; IT = 4*08 per cent. 


>2747 gave 0 
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. The ethyl ester, nitrated and purified in the same way, melts at 
precisely the same temperature as ethyl orcinoltricarboxylate, 
namely, at 98 — 99° (uncorr.). The following numbers were obtained 
on analysis : 

0*2905 gave 0*5298 OOg and 0*1269 HgO. 0 = 49*75 ; H = 4*85. 

^ 16 ^ 19 ^ 10 ^ requires 0 = 49*87 ; H = 4*93 per cent. 

Unless the treatment with nitric acid had been unduly prolonged, 
the yield in each case was practically quantitative. 

Both these compounds exhibit the same general solubility in the 
usual organic solvents as the substances from which they are derived. 
Their alkaline solutions have an intense blood-red colour. 

Hydrolysis of Methyl JSfitro-orcinoltri^csrhoxylate ^ — Like the orcinol- 
tricarboxylic esters, this substance can only be hydrolysed with 
simultaneous loss of carbon dioxide. On boiling for half an hour 
with dilute aqueous sodium hydroxide (1 in 10), acidifying with 
dilute sulphuric acid, and extracting the solution with ether, a 
crystalline compound was obtained, which, after purifying twice 
from a small quantity of water, was analysed with the following 
result : 

, 0*2045 gave 0*3130 OOg and 0*0530 HgO. 0 = 41*70; H = 2*88. 

0*2435 „ 12 c.c. nitrogen at 15° and 740 mm. ; 17 = 6*76. 

requires 0 = 42*07; H = 2*72; N = 5*45 percent. 

As mentioned in the introduction to this paper, this compound pro- 
bably has the constitution represented by formula Y. It is very 
soluble in hot water, alcohol, or glacial acetic acid; moderately so 
in cold water, and practically insoluble in benzene, chloroform, or 
light petroleum. It melts with decomposition at 197 — 198° (uncorr.). 
Its solution gives a deep red colour with ferric chloride. 

Eeduetion of Nitro-orcinoUricarhoxylic Esters , — ^The reduction may 
be carried out either in alkaline solution or in suspension in acids, 
the same products being obtained in both cases. On accomit of the 
ready solubility of the sodium i^lts* it is more expedient* to dissolve 
in dilute aqueous soda, and add a slight excess of aluminium filings. 
The liquid should be kept modemtely cool by surrounding the flask 
with water, and the reduction may then be left to proceed overnight. 
When the aluminium is all dissolved, the liquid is somewhat diluted, 
filtered if necessary, and acidified, A copious crop of very fine needles 
is obtained ; these dissolve very sparingly in the ordinary . organic 
solvents, and are purified by recrystallisation preferably from alcohol 
or glacial acetic acid. The methyl ester thus obtained melted with 
decomposition at 260 — 265° (uncorr.). On analysis; 
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L 0*2352 gave 0*4422 COg and 0*0842 HgO. C - 51 *23 ; H « 3*99. 

11. 0*1355 „ 0*2542 002 „ 0*0485 HgO. 0-61*16 j H = 3*97. 

m. 0*3070 „ 12*7 c.c. nitrogen at 21° and 768 mm. K — 4*81. 

^ 12^1 requires 0 — 51*24 ; H— 3*91 ; 17 —4*98 per cent. 

Specimen I was obtained hj reduction with tin and hydrochloric 
acid ; 11 and III by reduction with sodium hydroxide and aluminium. 

The ethyl ester melted with decomposition at 235 — 236° (uncorr.)^ 
and was analysed with the following results : 

I. 0*2330 gave 0*4600 00^ and 0*1002 HgO. 0- 53*84 ; H = 4*77. 

n. 0*1589 „ 0*3105 OOg „ 0*0665 HgO. 0-53*29; H-4*66. 

m. 0*2583 „ 10*3 c.c. nitrogen at 16° and 748 mm. K — 4*67. 

requires 0 — 54*36 ; H — 4*85 ; 17 — 4*53 per cent. 

Specimen I was obtained by reduction with tin and hydrochloric 
add ; II and III by reduction with sodium hydroxide and aluminium. 

Hotveesitt Chemical Labobatoet, 

Cambeidob. 


CKllJ.^Contrihution to the Chemistry of the Aromatic 
Metadiamines, 

By Gilbert Thomas Morgan, D.Sc. 

The halogen derivatives of ?re-phenylenediamine and its homologues 
have hitherto been prepared either by the direct action of the halogen 
on the base or its acyl derivative (Jackson and Calvert, Armr, Chm, 
J., 1896, IS, 465), or by the reduction of aromatic dinitro-compounds 
containing chlorine or bromine (Metzki and Bebe, 1892, 25, 
3005). The latter method, however, does not always lead to the 
formation of a substituted diamine, owing to the fact that the halogen 
radicles situated in the ortho- or para-positions relatively to the nitro- 
groups of the dinitro-compounds are readily removed by the action of 
the reducing agent. l-Chloro-2 : 4-dmitrobenzene, when reduced with 
tin and hydrochloric acid, yields l-chloro-2 : 4-phenylenediamine 
(Beilstein and KurbatofP, Annalen, 1879, 197, 76), whereas the corre- 
q>onding bromo-compound, under these conditions, loses its halogen 
radicL^ and becomes converted into m-pbenylenediamine (Zincke and 
Ber., 1872 5, 791). Similarly, Jackson and Calvert (loo. cit) 
that 1:3 ;5-tribrumo-2 :44initrobenzene lost all its bromine 

ise to w 2 -phenylene- 
by reduction with 


I ;ke^t©d w^ tin and hydrochloric acid, giving 
I afiid »feo the halogen is not remove 
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Ihirther investigation shows, however, that l-bromo-2 : 4-dinitrobenz- 
ene may be reduced, without the elimination of bromine, by the action 
of iron filings in the presence of a small quantity of hydrochloric acid, 
the method employed in the commercial preparation of the aromatic 
diamines. 

The constitution of the new base, hdromo-2 : 4-pken^lenedzamme, is 
known from its mode of formation, and also from the fact that, on 
treatment with nitrous acid in the presence of cuprous bromide, it 
yields 1:2: 4rtribromobenzene ; it is isomeric with the bromo-m- 
phenylenediamine (m. p. 93 — 94°) obtained by Jackson and Calvert on 
reducing 1:3:5; 6-tetrabromo-2 ; 4-dinitrobenzene with tin and hydro- 
chloric acid, the latter diamine having, in all probability, the 
symmetrical formula indicated by these investigators. 

l-Chloro-2 : 4-phenylenediamine is readily prepared by the iron and 
hydrochloric acid method of reduction; the corresponding iodo-base could 
not, however, be obtained from l-iodo-2 : 4-dinitrobenzene, for, under 
these conditions, the iodine atom is simultaneously eliminated, and 
m-phenylenediamine results. 

Diacetyl-l-chloro-2 : 4-phenylenediamine, when treated with chlorine 
in glacial acetic acid solution, yields a dichloro-derivative, which, on 
hydrolysis, is converted into 1 : 6-4teAforo-2 : 4-pkmplenedzamme ; this 
base may also be prepared by the direct chlorination of diacetyl-m- 
phenylenediamine, its constitution being determined by converting it 
into 1:2:4; 5-tetrachlorobenzene by means of the Sandmeyer reaction. 

The researches of Bender (Ber., 1886, 19, 2272), Slosson 1895, 
25, 3265), Chattaway and Orton (Trans, 1899, 76, 1046 ; this vol.> 
134, 800), and others have shown that the acyl derivatives of the 
primary aromatic monamines, on treatment with hypochlorous or hypo- 
bromous acid, yield substituted nitrogen chlorides or bromides contain- 
ing the halogen atom attached to nitrogen, &c., and also that these sub- 
stances, by intramolecular rearrangement, give rise to the acyl deriva- 
fives of the corresponding halogen-substituted bases. 

A similar re^tion occurs with the diacyl derivatives of w-phenylene- 
iiamine, each molecule of diaoetyl-^phenylenediamine, for example, 
jaking up two atoms of chlorine, and forming m-phenyUnediacetyld^r 
Melamine ; this dichloride, on digestion with warm glacial acetic acid, 
s readily transformed mto dia^tyl~l :h-dicMQro^2 x 4^ikmylmiedicmme^ 
ihe changes involved in these operations being indicated by the follow- 
ng diagram : 


NHAc 

limAo 


0 


^^lAc 

jjJClAc 


NHAc 

'(^NHAc 

a 
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The reaction with hypobromous acid takes a similar course, and the 
dibromo- 7 K-phenylenediamine, produced by hydrolysing the diacyldi- 
bromo-m-phenylenediamine, is found to be identical with the base 
obtained by Jackson and Calvert by direct bromination. 

The constitution of the dibromo-base is deterniined by means of the 
Sandmeyer reaction; under this treatment, it yields 1 : 2 : 4 : 5-tetra- 
bromobenzene, and is therefore 1 : 5-dibromo-2 ; 4-phenylenediamine ; 
this substance may also be prepared from diacetyl-l-bromo-2 ; 4* 
phenylenediamine by direbt bromination and subsequent hydrolysis, 
"WTien diacetyl-2 : 4-tolylenediamine is treated with chlorine in 
glacial acetic acid, it yields a monochloro-derivative, which, on hydro- 
lysis, gives rise to a new chloro-2 : 4-tolylenediamine. This base is 
isomeric with 2-chloro-3 : 5-tolylenediainine obtained by ITietzki and 
Hebe (?oc, ciA), and is shown to be 5-chloi*o-2 : 4:4olylenediamim, by 
conversion into the coresponding trichlorotoluene, through the agency 
of the Sandmeyer reaction. The trichlorotoluene produced melts at 82°, 
and is identical with 2:4: 5-trichlorotoluene, obtained by the direct 
chlorination of toluene (Limpricht, Annalen, 1866, 139, 326) ; the 
constitution of this substance was demonstrated by Seelig, who con- 
verted it successively into 2:4: 5-trichloro-3 : 6-dinitrotoluene, 2:4:5- 
trichloro-3:€-tolylenediamine,and trichlorotoluquinone {AnnaUrij 1887, 
^ 237 , 146 ). 

Experimental. 

l-Hromo-2 

An excess of iron filings {70 grams) is slowly added to 40 grams of 
l*bromo-2 : 4-dinitrobenzene suspended in 400 c.c. of hot water, acidi- 
fied with 5 C.C. of concentrated hydrochloric acid, the mixture being 
continually shaken during the operation. The dinitro-compound 
gradually disappears, the solution darkens, and considerable heat is 
developed, 400 c.c. of cold water being added during the reduction in 
order to moderate the action. "WTien the odour of the nitro-compound 
has almost disappeared, the mixture is heated to boiling on the sand- 
bath, and 10 grams of sodium hydrogen carbonate are introduced; the 
solution is then rapidly filtered from the black precipitate of hydrated 
magnetic oxide and unaltered iron, the latter washed with 100 c.c. of 
boiling water, and the total filtrate cooled by a mixture of ice and 
salt. After several hours, the solution deposits brownish-grey, acicular 
crystals of l-bromo-2 : 4-phenylenediainine, the yield being about 
grams. The filtrate still contains a considerable amount of 
as may be shown by the formation of a chrysoidine by 
^ fetzotised aniline. The dissolved base may either be 
microform or obtained as hydrochloride by evaporating 
they latter 'method, however, is nbt to be 
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recommended^ as a portion of the substance is destroyed by atmospheric 
oxidation. A larger yield of the crystalline precipitate cannot be 
obtained by employing less water in the reduction, for, under these 
conditions, the reaction becomes so violent that the bromo-base is 
totally destroyed, and m-phenylenediamine and ammonia only are 
produced. 

l-Bromo-2 : 4-phenylenediamine readily dissolves in hot water, but 
is less soluble in the cold ; the base rapidly oxidises when moist, and 
it is therefore preferable to crystallise the compound from an anhydrous 
solvent. It separates from benzene in irregular clusters of colourless, 
acicular prisms which soon turn pink; its melting point is 111 — 112°. 
The base is readily soluble in the ordinary organic solvents, excepting 
light petroleum, in which it dissolves but sparingly. 

0*1491 gave 0*1498 AgBr. Br = 42*75. 

C^HyNgBr requires Br= 42*78 per cent. 

jDibeniSio^i!-l~d^'omO‘2 ; 4r‘plhenylenediaminey readily obtained by the 
Schotten-Baumann reaction, crystallises from benzene or chloroform 
in felted, white needles, and melts at 178*5°. 

0*2100 gave 0*0964 AgBr. Br=» 19*53. 

0*3705 „ 24*1 c.c. moist nitrogen at 22° and 761 mm. 17 = 7*38. 

0202^5^2®^ = 2^*25; 17 = 7*27 per cent. 

Diacetyl-l'hromch2 : 4:-phenylenedia,mine, prepared by adding 1-bromo- 
2 : 4-phenylenediamine to a mixture of equal parts by weight of glacial 
acetic acid and acetic anhydride, crystallises from chloroform or 
benzene in white, felted needles and melts at 197 — 198°, The diamine 
is readily]acetylated by acetic anhydride without the application of ex- 
ternal heat ; prolonged boiling of the base with the above mixture 
results in the formation of tarry products. 

0*1145 gave 0*0819 AgBr, Br = 30*25. 

’ Ci0H;iil72Br requires Br= 29*52 per cent. 

l-Bromo-2 : 4-phenylenediamine readily reacts with diazonium salts ; 
with benzenediazonium chloride, it yields bromochrysoidine hydro- 
chloride, a substance crystallising from dilute hydrochloric acid in 
greenish-black, anthracitic needles. Potassium bromochrysoidine- 
sulphonate, obtained by the action of diazobenzertesulphonic acid, 
crystallises from water in yellowish-brown leaflets with a bronzy reflex, 

A solution of 6 grams of l-bromo-2 : 4Tphenylenediamine and 5 grams 
of cuprous bromide in 40 c.c, of concentrated hydrobromic acid and 
20 c.c. of water, when treated at 90° with a 20 per cent, solution of 
sodium nitrite (2 mols.) and subsequently distilled in steam, yields a 
distillate containing 1 : 2 : 4-tribromobenzene ; this substance, after 
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two crystallisations from alcohol, melts at 42 — 43% the melting point 
o£ the pure tribromo-compound being 44°. 

l>Ohloro-2 ; 4-phenylenediamine is readily prepared from the corre- 
sponding dinitro-componnd by the method of reduction described above. 
The solution produced by reducing the l-chloro-2 ; 4-dinitrobenzene, 
derived from 100 grams of chlorobenzene, with 260 grams of iron 
filings, 30 C.C. of hydrochloric acid, and 1600 c.e. of water, yielded, 
after neutralisation with 35 grams of sodium hydrogen carbonate, 80 
grams of crystallised base, whilst a further yield of 20 grams was 
obtained from the filtrates by extraction with chloroform. 

Dihmpidyl-l'^Mor(h2 : ArfhmylemMamim^ produced from the *chloro- 
base by the Schotten-Baumann reaction, crystallises from chloroform 
or benzene in white, felted needles melting at 178°. 

0-1800 gave 0*0750 AgCl. 01 = 10*31. 

Og^HiglNgCl requires 01=10*12 per cent. 

CMorochrysoidine hydrochloride^ prepared by adding a solution of 
benzenediazonium chloride to a dilute hydrochloric acid solution of 
l-chloro-2 : 4-phenylenediamine, crystallises from water in long, fusi- 
form clusters of greenish-black, anthracitic needles. 

The hme CgH5N2'CgH201(NH2)2 crystallises from benzene in orange 
leaflets melting at 149° 

0*1489 gave 0*0860 AgCl. 01 = 14*12. 

0*2253 „ 46*1 c.e. moist nitrogen at 20° and 766 mm. N=22*67. 

O12HJ1N4OI requires 01 = 14*40 ; IT = 22 *81 per cent. 

When dyed on cotton mordanted with tannin, it gives a somewhat 
redder shade of orange than ordinary chrysoidine. Potassium chloro- 
chrysoidinesulpbonate, obtained by the action of diazobenzene- 
sulphonic acid on l-chloro-2 : 4-phenylenediamine, crystallises from 
water in orange-brown leaflets having a bronzy reflex. 


1 : 6-Dichloro~2 : 4rphenylenediamme, 


Diacetyl-l-chloro-2 : 4-phenylenediamine, prepared by adding 28 
grams of powdered l-chloro-l : 2-phenylenediamine to a mixture of 
15 grams of glacial acetic acid and 50 grams of acetic anhydride, 
separates from the solution on cooling and, after recrystallisation 
from water, melts at 242 — ^243°. A current of chlorine passed into a 


solution of this diacetyi derivative in 2 — ^3 parts of glacial acetic acid 
a |a:eeipitate of diacetyl-l : 5-dichloro-2 : 4-phenylenediamine, 
substance being almost insoluble in the solvent. When recrystal- 
bmiaene, diacetyl-l ; 5-dichloro-2 : 4-phenylenediamine melts 
l i^^dHcMoro-^iirphenylened^ OgH2Ci2(NH2)2, is 
^eoliitdon of its diacetyl derivative in excess of 
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sodium hydroxide on prolonged boiling ; the hydrolysis may also be 
efected by the action of hot alcoholic hydrochloric acid. The base 
crystallises from dilute alcohol in colourless needles, and from benzene 
in feathery aggregates of acieular prisms j it darkens slightly on 
exposure and melts at 136 — 137° 

0-1167 gave 0-1882 AgOl. 01 = 40-75. 

0*1092 „ 16*6 C.C. moist -nitrogen at 22°jand 759 mm. N = 16-16. 

OgHgNgClg requires 01 = 41-13 ; N= 15*82 per cent. 

Diacetyl-1 : 5-dichloro-2 : 4-phenyIenediamine may also be prepared 
by the direct chlorination of diacetyl-m-phenylenediamine, the latter 
substance, when dissolved in 3 — 4 parts by weight of glacial acetic acid 
and treated with excess of chlorine (over 2 mols.), yields the dichloro- 
derivative exclusively ; there is apparently no tendency for the forma- 
tion of a trichloro-compound. 

Three grams of the dichloro-base and 3*2 grams of cuprous chloride 
are dissolved in 35 c.c. of concentrated hydrochloric acid and 10 c.c. 
of water and treated ^t 80 — 90° with 1*6 grams of sodium nitrite 
dissolved in 16 c.c. of water ; the solution is then heated to boiling 
for a short time, and subsequently distilled in steam. The solid, 
yellow product obtained in the ^distillate has an odour of chloranil, 
and on crystallisation from alcohol yields 1:2:4; 5-tetrachlorobenzene ; 
this compound, when purified by sublimation, is obtained in long, 
colourless needles melting at 137 — 138°. 

Action of EypocMorotis Acid on Diacetyl-m-phen^lenediamine. 

Ten grams of diacetyl-?w-phenylenediamine are dissolved in 400 c.c. 
of boiling water, and the solution rapidly cooled to obtain small 
crystals; 30 — 40 grams of potassium hydrogen carbonate are then 
added, and the mixture treated with 150 c.c. of a sodium hypochlorite 
solution containing 30 grams of chlorine per litre. After a short time 
the precipit&te is collected, washed until free frcttn hypochlorite, and 
dried on porous piat^. The product, m-phmylmcdAacc^^ 
CgH 4 (NCl-GO-OH 3 ) 2 , is readily soluble in benzene or chloroform, and 
crystallises from its solution, on the addition of light petroleum, in hard, 
colourless prisms or octahedra. The compound liberates iodine from 
a solution of potassium iodide, and a quantitative examination showed 
that it contains 2 atoms of labile chlorine. Weighed portions were 
dissolved in chloroform, treated with excess of potassium iodide solu- 
tion, and titrated with standard thiosulphate. 

0-1718 Uberated 0*3358 I. 01 = 27-42. 

0*2110 „ 0*4129 L 01 = 27*45. 

OioHjo02H‘2^^2 t * 
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971-PhenyIenediacefcyldicliloraniiiie melts at 160 — 151° to a colourless 
liquid, which almost immediately decomposes with explosive violence ; 
when boiled with glacial acetic acid, it is converted into diacetyl- 1 : 5 - 
dichloro -2 : 4-phenylenediamine, the latter compound crystallising from 
the solvent in white, felted needles. The diamine produced through 
the agency of hypochlorous acid was shown to be identical with that 
obtained by chlorination by the direct comparison of the two specimens 
and their benzoyl derivatives j moreover, it yields 1 :2 :4 ; 5 -tetra- 
chlorobenzene when submitted to the Sandmeyer reaction, DUenzoyl- 
1 : b-dicMoro-2 : i-phmph7iedicmine^ prepared as a means of identifying 
the dichloro-base, crystallises from benzene or chloroform, in white, 
felted needles which darken on exposure to light, and melt at 187°. 

. 0*1128 gave 0*083 AgOl. 01-18*20. 

OgoHj^lTg^’lg requires 01 = 18*44 per cent. 

When finely divided dibenzoyl-?n-phenylenediamine is suspended in 
a saturated solution of potassium hydrogen carbonate and treated with 
excess of sodium hypochlorite, it yields a dichloramine correspond- 
ing with »i-phenylenediacetyldichloramine ; it is, however, less stable 
than this compound, and readily passes into dibenzoyl- 1 ; 5 -dichloro- 
2 : 4-phenylenediamine (m. p. 187°) on boiling with chloroform or 
benzene. 


Bromindtion of IHacetyl-l^oTm -^ : irphenylemdiamine^ 

Ten grams of diacetyl-l-bromo-2 : 4-phenylenediamine, dissolved in 
two parts by weight of glacial acetic acid, are treated with 1 moL of 
bromine diluted with two parts by weight of the same solvent ; the 
product, added to water containing a little sulphurous acid, yields a 
brown precipitate which is hydrolysed with 30 c.c. of concentrated 
hydrochloric acid. The base, obtained on neutralising the acid solu- 
tion, crystallises from alcohol in needles and melts at 135° 5 it appears 
to be identical with the dibromo- 2 ; 4 -phenylenediamine prepared by 
J ackson and Calvert by the direct bromination of diacetyl-m-phenylene- 
diamine (Awier. Chem. Jl, 1896, 18, 482). This diamine, when 
submitted to the Sandmeyer reaction in the presence of cuprous 
b^^mide, yields a tetrabromobenzene, which, after sublimation and 
^ca^stallisation from alcohol, melts at 174° aud does not depress 
of the 1 ; 2 ; 4 : 6 -tetrabromobenzene prepared by 
jf, , b^9^^3iation of p-dibromobenzene ; accordingly, the base is 
purbrnb-S ; ;4^phenylenediamine. 
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Action Hypobromous Acid on Diacetyl-m-phenylemdiamine. 

The finely divided diacetyl-m-phenylenediamine is suspended in a 
cold, saturated solution of potassium hydrogen carbonate and treated 
with excess of potassium hypobromite solution ; the insoluble product 
has a yellow colour when fii-st collected, but becomes almost colourless 
on drying. This substance still gives the substituted bromamine 
reaction with potassium iodide, but seems to consist principally of the 
transformed diacetyldibromo-m-phenylenediamine. A portion crystal- 
lised from chloroform melts at 259 — 260°, this being the melting point 
of diacetyl-1 :5-dibromo-2 :.4-phenylenediamine j the melting point of 
the diamine, obtained on hydrolysis, is 133°, whilst that of pure 
1 ;5-dibromo-2 : 4-phenylenediamine is 136° 


^-CMoro~2 : 4rtolyhnediamine, 

A solution of diacetyl-2 ; 4-tolylenediamine (m. p. 221°) in 3|“ 
parts by weight of glacial acetic acid, when treated with 1 mol. of 
chlorine and subsequently diluted with water, yields a brownish- white, 
crystalline precipitate of diaoetyl- 5 -chloro -2 : 4-tolylenediamine. The 
corresponding diamine, obtained by hydrolysing the preceding com- 
pound with alcoholic hydrochloric acid and neutralising the hydro- 
chloride solution with ammonia, crystallises from water in colourless, 
nacreous leaflets which turn pink on exposure to the air. When 
crystallised from benzene, the base separates either in long, colourless, 
elastic iamellse or in thin, rectangular plates 5 it melts at 120 ^ — 121 °. 

0-1328 gave 0-1226 AgCl. Cl = 22-82. 

0*2186 „ 34-2 C.C. moist nitrogen at 18° and 758 mm. N = 18*03. 

requires 01 = 22*68 ; N = 17*89 per cent. 

The dimetyl derivative crystallises in small, acicular prisms melting 
at 239— 246°. 

Three grams of isodium nitrite, dissolved in 30 c.c, of watex*, are 
slowly added to a hot solution of 4 grams of 5-chloro-2 ; 4-tolylene- 
diamine and 4 grams of cuprous chloride in 30 o.c. of concentrated 
hydrochloric acid and 10 c.c. of water; the mixture is maintained at 
80—90° until the evolution of nitrogen has ceased, and subsequently 
distilled in steam. The volatile product, consisting of 1*5 grams of 
crude trichlorotoluene, is purified by sublimation and recrystallisation 
from alcohol ; it crystallises in colourless, flattened needles and melts 
at 81*5°, the melting point of Limpricht's 2:4: 6 -trichlorotoluene 
being 82° 

1 ; 5-I)ichloro-2 ; 4-phenylenediamine, its bromine analogue, and 
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5-cliloro-2 : 4:-tolylenediamine all contain substituent radicles in botb 
the para-ortho-positions relatively to the amino-groups, and they 
react less readily with diazonium salts than the mono-substituted 
m-phenylenediamines ; they do, however, combine with certain diazo- 
compounds such as diazobenzenesulphonic acid, and hence the azo- 
residue must enter the ortho-position contiguous to the two andno- 
radicles. A study of these azo-compounds will form the subject of a 
subsequent communication. 

Royaii College or Sozencb, LoimoN, 

South Eensingtoh, S.W. 


CXIV . — Action of Aromatic Aldehydes on Derivatives of 
^-Naphthylamine. 

By Gilbert Thomas Morgan, D.Sc. 


Benzylibene-^-naphthylamine is the first product of the action of 
benzaldehyde on )8-naphthylamine, and on further condensation with 
excess of the base it yields a colourless substance (dihydrophenyl- 
naphthacridine ?), from which phenylnaphthacridine is obtained by 
oxidation (Glaisen, AwTzafejz, 1889, 239, 272). 

The formation of condensation products containing the aldehydic 
carbon atom directly attached to the aromatic nucleus of the j8-naph* 
thylamine residue takes place, however, far less readily with benz- 
aldehyde than with formaldehyde, for in the case of the latter the 
methylene imdue always takes up its position in the ring unless the 
amine employed already (K>ntains a substituent radicle in the a-position 
contiguous to the ^-amino-group (Morgan, Trans., 1898, 73, 536 ; 
this vol., 814). 

When etiiyl-^-naphthylamine is treated with benzaldehyde dis- 


solved in cold glacial acetic acid, a substance is slowly produced by the 
elimination of one mol. of water from three mols. of the aldehyde and 
two of the base, OHO + 20ioH^'NH*C2H5 = C45H42O3H2 + lSf>. 

This compound, a well defined crystalline substance melting at 148°, 
iS'i^dily hydrolysed into its generators by mineral acids, and there - 


does not contain an aldehydic carbon atom attached to the naph- 
nuclei. When treated with phenylhydrazine in warm glacial 
ft is de<K>m with the formation of benzylidenephenyl- 
regeneration of ethyl-)8-naphthylamine. 
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Although the study of the anhydro-bases derived from the aromatic 
aldehydes and primary aromatic amines has engaged the attention of 
many investigators, yet very few instances of the combination of 
benzaldehyde and its homologues with monoalkyl aromatic amines 
have hitherto been recorded. By the action of this aldehyde on ethyl- 
aniline, SchifiE obtained the base benzylidenediethyldiphenylamine as 
an uncrystallisable resin, the condensation taking place in the follow- 
ing manner : 

2C6H5-NHEt + CeHg- OHO - + Kf) 

{Awmlen^ Supph, 1864 , 3 , 363 ). 

If the initial phase of the reaction with ethyl-^S-naphthylamine takes 
a similar course, the crystalline product may result from the combina- 
tion of the analogous anhydro-base, OH{!N'Et'OiQHi 7 ) 2 , with 2 mols. 

of benzaldehyde, its constitution, on this assumption, being represented 
by the molecular formula 


CgHg-CH(NEfCioH^)2 + 2C6H5-OHO. (I). 

On the other hand, the initial product of the reaction may be the 
additive compound CH(OH) •NEt'Oj^QH^, and the elimination of 
water may be regarded as taking place between two mols. of the sub- 
stance with the formation of the anhydride 


CioH^-lTEt-OH(CeH5)-0-CH(OeH5) -NEfCioH^ ; 


the final product would then result from the combination of the latter 
with 1 mol. of benzaldehyde, the hypothetical formula corresponding 
with this view being 


CioH^-N'Et-CH(CgH5)-0-CH(CeH5)-NBt-CioH^ + CeH5*OHO. (II). 

Lastly, the condensation may be supposed to take place in such a 
manner that the third molecule of benzaldehyde also undergoes re^ 
arrangement, the reaction being represented by the following 
equation : 


SOgHj- OH(OH) -NEt-OioHy +06Hg- CHO = 


(UI.). 


On this hypothesis, the substance is represented by a constitutional 
formula .in vdiich the three benzylidene residues are represented as 
forming an essential part of the structure of the molecule. 

If the compound contains benzaldehyde of crystallisation, it might 
be expected to crystallise from different solvents with varying amounts 
of this substance j however, it separates unchanged from its solutions 
in benzene, acetone, ethyl acetate, acetic acid, chloroform, and the 
alcohols. It is quite stable at its melting point, and does not give off 
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benzaldehyde when heated at temperatures above the boiling point of 
this liquid. Moreover, its decomposition by phenylhydrazine indicates 
that the three benzylidene residues are eliminated simultaneously. 
The evidence obtained from the general behaviour of the substance is, 
therefore, in favour of the constitution indicated by formula III. 

On the other hand, determinations of the molecular weight in 
benzene — a solvent which favours association — indicate that the mole- 
cular complesity of the dissolved substance is less than that represehllft 
by the formula ^ 45 ^ 45502 ^ 2 - molecular weight of the undisso- 

ciated compound, should be 642, whereas the experimental values' are 
approximately only half this, thus indicating a dissociation into two 
molecules. 

This may be taken as evidence in favour of formula II, but it is 
well known that many substances, whose chemical reactions indicate 
a high molecular complexity, give, under these conditions, molecular 
weights corresponding with simpler molecules. This is the general 
behaviour of racemic compounds, and similar discrepancies, attending 
the determinations of molecular weights in benzene solutions, have 
been noticed in the case of naphthalene picrate (Anschutz, Annulenf 
1889, 253, 846), and also in that of the mixed alkyl diazoamides 
(Meldola, Trans., 1890, 57, 806). 

It was not found possible by further condensation with excess of 
ethyl-^-naphthylamine in the presence of zinc chloride, to convert the 
compound 045 H 4202 l ^2 ^ phenyldinaphthylmethane derivative 

containing the benzylidene residue directly attached to the naphthalene 
nuclei, and similar attempts to condense the dialkyl-j8-naphthylamines 
with benzaldehyde also proved unsuccessful. 

The l^ogan derivatives of j3-naphthylamine yielded, with form- 
aldehyde, colourless bases of the type Oi^(NHX )2 (Morgan, this voL, 
loc, cU*); mth benzaldehyde, and its analogues, they gave coloured 
compounds of the type Ph- CEL INX, 

AH anhydro-bases containing the group -CHIIT-- attached to two 
aromatic nuclei are more or less coloured ; the analogy between these 
bases and the azo-compounds has been referred to by Weil {Ber.y 1894, 
27, 3817), and more recently by Mohlau {Ber,, 1898, 31, 2250), who 
suggested the name azomethine ” for the above group in order to 
recall its relationship to the azo-radicle 

The development of colour produced by the introduction into a 


lamlecule of an azomethine group is, however, invariably less than 
r^ults from the presence of an azo-radicle, and, moreover, 
f by the nature and position of the sub- 

^ the aroinatic nucl^^ 

.hydr^yl the para-po^tion relatively to the 
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the presence of this radicle in the ortho-position greatly enhances it. 
The benzylidene anhydro bases from chloro- and bromo-naphthyl- 
amines are lemon-yellow; the corresponding derivatives of p-hydroxy- 
benzaldehyde, on the one hand, are almost colourless, whilst the 
salicylaldehyde compoundSj on the other, have a decided orange colour. 
A. reference to the literature of the anhydro-bases shows that this 
relationship holds generally, and the phenomenon bears a certain 
analogy to the well-known colour di:fference between the o- and p-nitro- 
phenol. In both series of compounds, the position of the hydroxyl 
group relatively to the chromophore has a marked influence on the 
colour of the substance. The direct attachment of an aromatic 
nucleus to the aldehydic carbon atom is not essential for the pro- 
duction of a coloured azoinethine derivative, inasmuch as the anhydro- 
bases derived from cinnamaldehyde are more strongly coloured than 
those obtained from benzaldehyde. 

The anhydro-bases, R-OHINX, very frequently possess the pro- 
perty of combining additively with anhydrous hydrogen cyanide ; the 
reaction is, however, not general, for the presence of acidic groups 
hinders the combination, and may even prevent it altogether (Eibner, 
loo. cit.). 

The colour of azo- and azomethine-eom pounds depends on the in- 
tegrity of the double linking in their chromophores ; the former are 
rendered colourless by the addition of hydrogen to the azo-radicle, 
OgHj'NIN'CgHg + Hg = CgHjj'NH’NH’CgHg ; the latter (when they 
contain no nitro-groups) may be decolorised by the addition of 
hydrogen cyanide to the azomethine group, 

HON = OioHsBr-NH-OH(CN)-C6H5. 

Hydrocyanides of this type have been obtained from the anhydro- 
bases of benzenoid amines (von Miller and Pldchl, 1892, 26, 
2056; 1898, 31, 2699), and several examples, obtained from naphthal- 
enoid amines, are d^eribed in the experimental part of this paper. 
In some cases, the cinnamylidene anhydro-bases, for example, the 
change from the coloured azomethine derivative to the colourless 
hydrocyanide, is very striking. 

A nitro-group introduced into an azomethine compound produces 
far more effect in increasing the colour of the substance than any 
other substituent radicle ; it also greatly hinders the combination of 
the base with hydrogen cyanide. It was not found possible to bring 
about combination between this reagent and the anhydro-bases de- 
rived from the chloro- and bromo-^-naphthylamines and the nitro- 
benzaldehydes. 

In those cases, however, where the addition of hydrogen cyanide 
to a nitro-anhydro-base has been effected, the hydrocyahide is found 
to be coloured (von Miller and Plochl, Ber,, 1892, 26, 2056). The 

iTTkT T-ir-v-crTT ^ « 
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colour of a nitro-anhydro-base is due to the presence of both azomethine 
and nitroxyl (NOg) cbromophores, and although the former may be 
destroyed by the addition of hydrogen cyanide, the effect of the latter 
persists, and it is to this that the colour of the hydrocyanide is due. 


Expeeimental. 

Aetim of BenzaMehyde m Ethyl-^-naphthylamine, 

Benzaldehyde (60 grams) is added to a solution of 60 grams of 
ethyb/J-naphthylamiue in 100— 160 grams of glacial acetic acid, and 
in 24 hours rosettes of colourless, prismatic needles appear in the 
mixture, the precipitation being complete after 2 — 3 days ; the yield 
of crude product is about 95 grams. The substance is purified by re- 
crystallisation from ethyl acetate or alcohol ; it separates from these 
solvents in fern-like aggregates of lustrous, colourless leaflets, and 
melts at 148°. The alcoholic solution exhibits a blue fluorescence. 


0*1692 gave 0-5212 CO 2 and 0*1046 HgO, C= 84*01 ; 6*87. 

0*1552 „ 0-4777 002 „ 0*0917 HgO. 0 = 84*05 ; H = 6-58. 
0*1882 „ 7*8 c.c. moist nitrogen at 17° and 771 mm. K = 4*82- 
0*1999 „ 8-Oc.c. „ „ 17° „ 771mm. N=4*71, 

[ O^^H^OgNg requires 0«f 84*11 ; Has6‘52 ; N = 4*36 per Cent. 


The compound crystallises unchanged from its solutions in benzene, 
acetic acid, acetone, chloroform, ethyl acetate and methyl, ethyl or 
amyl alcohols. When heated in a sulphuric acid bath at 189°, a tem- 
perature 10° above the boiling point of benzaldehyde, it melts to a 
light bro-wn liquid, but undergoes no further change ; on cooling, it 
resolidifies into a transparent, brown cake resembling amber, and after 
recrystallisation from ethyl acetate melts at 145°, and does not 
depress the melting point of the pure substance. 

Hot concentrated hydrochloric acid readily hydrolyses it into its 
generators. Weighed portions were hydrolysed in this manner, and 
the solutions distilled in steam to remove benzaldehyde ; the liquid in 
the distilling flask was evaporated to dryness, and the hydrochloride 
weighed j the yields obtained varied from 69 to 60 per cent., the 
theoretical value being 63 per cent. The low result is probably due 
to the appreciable volatility of ethyl-)8-naphthylamine hydrochloride 
at the temperature of the water-bath. The regenerated base was 
■ ^ to be ethyl-jS-naphthylamine by taking the melting point of its 
b^<|re^hiori(^ by converting it into its characteristic 

with p-nitrobenzenediazonium chloride, p-Nitrobenzme- 
NOg-CeH^-Kg-GioH^-NHEt, prepared by 
add sclui^on of ethyl-^-xiaphthylamine to an 
^ containing ' excess; of 'sodium 
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acetate, crystallises from alcohol or ethyl acetate in lustrous, green 
needles having a bronzy reflex, and melts at 162 — 163®. 

0*1414 gave 21*2 c.c. moist nitrogen at 18® and 761 mm. N = 17*34. 

OisHie requires N = 17*50 per cent. 

About half a gram of the compound dissolved in a 20 

per cent, solution of phenylhydrazine in 6 c.c. of glacial acetic acid, 
was gently heated for a few minutes until the solution became 
brownish-yellow ; the liquid was then cooled in ice, and 4 c.c. of 
water added to complete the precipitation of the benzylidenephenyl- 
hydrazone. The precipitate, collected on a Gooch crucible, was washed 
with dilute acetic acid and water, dried at 110 — 120°, and weighed. 
The melting point of the hydrazone prepared in this manner is 151®, 
whereas that of the pure substance is 152*5®, 

0*2972 yielded 0*2681 benzylidenephenylhydrazone. 

3CgH5' OH found =41*4. Calculated =42*0 per cent. 

Determinations of the molecular weight of the condensation pro- 
duct by the cryoscopic method in benzene solution gave the following 
results : 


0*4524 dissolved 

in 20*80 benzene 

gave 

0-327°. 

M = 326. 

0-5166 


20-71 


99 

0-372. 

M = 328. 

0-8446 


20-71 


99 

0-604. 

M = 331. 

0-4512 

JJ 

20-03 


99 

0-347. 

M = 318. 

1-0820 


20-03 


99 

0-797. 

M = 332. 

1-2964 


2003 


99 

0-947. 

M = 335. 


The calculated values for no dissociation and for dissociation into 
2 mols. are 642 and 321 respectively. 

The compound ^ 453 ^ 2 ^ 2^2 converted into a phenyldinaphthyl- 

methane base by heating with excess of ethyl-^-naphthylamine and 
zinc chloride at temperatures varying from 100® to 130®. Similar at- 
tempts to bring al^ut condensation between dimethyl-/3-naphthyl- 
amine and benzaldehyde also proved unsuccessful. 

Anhydro-has!5s from l-Bromo-^^pk^iylamim and \-GMoro-%na'phthyl* 
amim and their Sydraoyanidea, 

When benzaldehyde is added to a glacial acetic acid solution of 
l-bromo-2-naphthylamine or its chlorine analogue, the mixture assumes 
an orange-yellow colour, and when stirred for a short time deposits a 
yellow, crystalline precipitate of the anhydro-base ; this method is 
generally applicable to the preparation of the anhydro-bases from 
aromatic amines and aldehydes. 

The hydrogep cyanide employed in forming the addition compounds 
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was obtained by the action of 50 per cent sulphuric acid on pure 
potassium cyanide and freed from moisture and traces of mineral acids 
by rectification from calcium chloride and potassium cyanide. 

The recrystallised anhydro-base, placed in a large weighing bottle, 
was cooled in ice and treated with excess of hydrogen cyanide, the 
mixture being shaken at intervals for one or two days. 

crystal- 
lises from light petroleum in lemon-yellow prisms and melts at 
93—94°; 

0-1200 gave 0-0715 AgBr. Br=25-35. 

requires Br==25*80 per cent. 

BmzylidemA'hromo-%naphtkylamine hydrocyanide, 
CioH^Br-NH-CH(CN)*06H5, 

crystallises from methyl alcohol or benzene and light petroleum in 
transparent, colourless leaflets melting at 92° ; it is almost insoluble 
in hydrogen cyanide, and turns yellow on exposure to the atmosphere. 

0*2059 gave 15*3 c.c. moist nitrogen at 15° and 744 mm. N = 8*5L 
CjsHigNgBr requires N = 8*31 per cent. 


CuminylideriieA-hromo-^naphthylamine forms sulphur-yellow needles 
and melts at 100 — 101° 

Its hydrocyanide mgBXdutm from a mixture of benzene and light 
petroleum in transparent, colourless leaflets and melts at 1 20° ; it 
darkens on exposure to the atmosphere. 

0*2220 gave 14*1 c.c. moist nitrogen at 16° and 766 mm. 17 = 7*46. 
jjjHgBr requires K = 7*58 per cent, 

crystallises from 

<diIoroform in pale yellow leaflets melting at 189 — 190° 

0*1400 gave 0*0820 AgBr, Br= 24*00. 

Oi^BTigONBr requires Br = 24*54 per cent. 


The hydrocyanide crystallises from benzene in colourless, rhombic 
plates 3 it melts and decomposes at 143 — 144°. 

o-Hydroxybenzylidene-l-bromo-2-naphtbylamine crystallises from 
benzene and light petroleum in orange-yellow leaflets, and from dilute 
solutions in alcohol in large, orange, tabular prisms melting at 144° 
(eompa^eMichaelis,A9^9^a?e7^, 1893,274,257). Its crystal- 
lises from benzene in colourless, nacreous leaflets melting at 152°; on 
)■ to light, it becomes tinged with violet. 

^^^^M6ihiO&iyhnzyUd€m^ld>roinch2-naphthy^ crystallises from 

> tn yellow leaflets and melts at 107° Its hydrocyanide 

organic solvents, and crystallises 
tin well defined, opaque, 



BERIVAMVES OE /8-NAPaTHTl,AMlNE. 12l7 

white needles. When rapidly heated, it melts at 150 — 151°, but 
when the temperature is gradually raised it darkens and decomposes 
at -140 — 143°, giving off hydrogen cyanide. 

0'1780 gave 11*9 c.c. moist nitrogen at 15° and 746 mm. 17 = 7*68. 

CjgHjgOKgBr requires H= 7*62 per cent. 

CioHeBr-NrCH-CHrCH-CeHg, 

readily dissolves in benzene, alcohol, or chloroform, but is less soluble 
in light petroleum ; it crystallises in golden-yellow needles and melts 
at 126° 

0*1528 gave 0*0840 AgBr. Br= 23*90. 

OjgHi^NBr requires Br= 23*81 per cent. 

The hydrocyanidey which is rapidly produced from the preceding 
compound by the action of hydrogen cyanide, crystallises from 
benzene in white, lustrous leaflets melting at 142 — 143°. 

Benzylidene-l-chloro - 2-naphthylamine crystallises f rom li ght petroleum 
in pale yellow leaflets melting at 98—99°. 

0*1041 gave 0*0584 AgCl. 01 = 13*87. 

C„H i^NCl requires 01= 13*37 per cent. 

The hydrocyanide crystallises in convoluted aggregates of small 
scales and melts at 76 — 77°. 

0*2329 gave 19*2 c.c, moist nitrogen at 16° and 761 mm. 17 = 9*62. 

OjgHjgNgOl requires 17 = 9*57 per cent. 

^7«m^ny7td[e?^e-l-c7^?oro-2-m^j97^^/^yto^^?^0 slowly separates in brown 
crusts on allowing the glacial acetic acid solution of its generators 
to evaporate at the ordinary temperature; when purified by crys- 
tallisation frona light petroleum, it forms brownish-yellow leaflets 
melting at 85°. 

0*1436 gave 0*0641 AgOJ. 01 = 11*06, 

OgoHigNOl requires 01 = 11*54 per cent 

The hydrocyanide crystallises from methyl alcohol in transparent, 
colourless leaflets and melts at 117° 

0*1485 gave 10*9 c.c. moist nitrogen at 16° and 760 mm. 17 = 8*64; 

OgiHjgNgCl requires 17 = 8*37 per cent. 

Cinnamyliden6-\-chloro-2-7i4]bphihylammey like the corresponding 
bromine analogue, crystallises from benzene in golden-yellow needles ; 
it melts at 133 — 134°. 

0*1496 gave 0*0727 AgCL 01 = 12*00, 

01= 12*17 per cent 
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The hydrocyanide crystallises from methyl alcohol in lustrous, colour- 
l^s leaflets, and melts at 155 — 156° - 

0'1263 gave 10*0 c.c. moist nitrogen at 15° and 744 mm. N =s 9*07. 
CgoHjgNgOl requires N ~8'79 per cent. 

^Hydi*oxyhenzylidene-\~chlQro-%-rmphthylamine is somewhat sparingly 
soluble in organic solvents other than chloroform ; it crystallises 
in pale yellow, nacreous leaflets melting at 191°. hydrocyanide 

crystallises from benzene in oolotirless^ rhombic plates, and melts at 

151— 152° 

crystallises from benz- 
ene in yellow leaflets and melts at 116 — 117°. The hydrocyanide forms 
well-defined, semi-opaque, white needles which gradually become tinged 
with green ; it melts at 132°. 

0*1378 gave 10 c.c. moist nitrogen at 16° and 766 mm. l!T = 8*52. 
CigHjgONCl requires K=:8*68 per cent. 

o-Hydroxyhenzylidene‘‘\^c}iloro~2'^phihylamine closely resembles the 
corresponding bromo-derivative, crystallising from benzene in orange 
leaflets, and from alcohol in large, prange, tabular prisms ; it melts at 

152 — 153°. Its hydrocyanide forms white, nacreous leaflets; these 
darken at 140°, and melt at 148°. 


AnJhydrodiims derived from Nitrobenzaldehyde, 

Ch^itrobenzyUdene-l-hromo-2-naphthylamim is readily obtained by the 
general method of preparation, and is readily soluble in all the ordinary 
organic solvents excepting light petroleum. It crystallises from a 
inixture of benzene and light petroleum in transparent, golden-yellow 
needles, and melts at 137 — 138°. 

0*1808 gave 0 0945 AgBr. Br= 22*24. 

Ci^HijOglSrgBr requires Br = 22*53 per cent. 


^Nitrohenzylidene''l-bromo-2-7iaphthylamin6 resembles its o-isomeride, 
and melts at 154 — 155°. 

o-WiirohenzyUdene'l-chloro^-naphthylamine crystallises in golden - 
yellow needles and melts at 142°. 


0*1730 gave 0*0782 AgOl. 01 = 11*17. 

Oi^Hi^OgNgCl requires 01 = 1 1 *43 per cent. 

yUdm6-l’chhro-2-^aphthyla7ni7ie forms transparent,golden- 
and melts at 151°. 

nitro-groups do not react with 
exce^ of hydrogen cyanide is added to a 
l-bromo-2-naphthylamine, and the 
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mixture treated with jo-nitrobenzaldehyde, also dissolved in ether, a 
yellow precipitate is produced consisting of the anhydro-base ; the 
filtrate, after several days, yields a further quantity of this compound, 
but no trace of hydrocyanide. 

Royal College oe Science, London, 

South Kensington, S,W. 


CXV . — Action of Hydrogen Peroxide on Carbohydrates 
in the Presence of Ferrous Salts. II. 

By Robert Selby Morrell, M.A., Ph.B., and James Murray Crofts, 

M.A., B.Sc. 

In a fomer paper (Trans., 1899, 75, 781), it was shown that hydrogen 
peroxide, in the presence of small quantities of ferrous sulphate, 
oxidises carbohydrates to osones. Oxidation by means of hydrogen 
peroxide in the presence of ferrous salts was first investigated by 
Fenton (Trans., 1894, 66, 899), and he has since examined its action 
on many polyhydric alcohols and hydroxy-acids (compare Trans., 1899, 
76, 1 ; 1900, 77, 69, <fec,). 

The osones were detected as products of the oxidation of the carbo- 
hydrates by hydrogen peroxide by precipitating them as osazones by 
phenylhydrazine at the ordinary temj^erature, but it has been found 
advisable to remove the osone from the solution as the lead hydroxide 
compound (Fischer, Ber., 1889, 22, 87). When baryta is added to a 
solution of an osone in the presence of basic lead acetate, the lead hydr- 
oxide which is precipitated cairies down all the osone with it. It is then 
quite easy to liberate the osone by means of dilute sulphuric acid, and 
to obtain a solution which reacts with hydrazines at the ordinary 
temperature and does not ferment with yeeist. 

Glucose, la3vulose, arabinose, and rhamnose have been oxidised by hy- 
drogen peroxide in the presence of small quantities of f^ous sulphate, 
the osones removed from the solution by means of lead hydroxide and 
identified by means of their osazones. The osazones were always pre- 
pared by the action of phenylhydrazine at the ordinary temperature. 
In the case of arabinose, the solution was warmed to 60*^ so as to 
obtain the osazone precipitate in a more granular form, but this is 
allowable, since it has been shown that arabinose is more easily oxidised 
by hydrogen peroxide than glucose (Trans., 1899, 75, 792). 

Galactose seems to behave abnormally on oxidation. A red sub* 
stance, very soluble in alcohol and ether, is precipitated by phenyl- 
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hydrazine at the ordinary temperature. Attempts to purify it have 
been unsuccessful. Most probably the oxidation of the galactose pro- 
ceeds further than the osone stage, giving rise to products which are 
of an acid nature and react readily with phenylhydrazine. The stereo- 
chemical arrangement of the CH* OH groups in galactose may be 
referred to as an explanation of the failure to detect galactosone ; 
moreover, the identity of the osazone obtained from galactosone with 
galactosazone is uncertain (Fischer, JBer,, 1889, 22, 96). 

Applying the method of oxidation by hydrogen piiroxide in the 
presence of ferrous sulphate to cane sugar, it has been found that 
using neutralised hydrogen peroxide the carbohydrate is first ^ inverted,* 
and the glucose and Isevulose formed are then oxidised to glucosone. 

The action of potassium persulphate on glucose in the pi*esence of 
ferrous sulphate is like that of hydrogen peroxide. The oxidation is 
very slow at the ordinary temperature, being most rapid at 40° The 
yield of glucosone is much smaller than when hydrogen peroxide is the 
oxidising agent. The results of the action of bromine water on 
glucosone obtained from Isevulose will be given in a subsequent paper. 


Expebimental. 


Ehamnose. 

A 10 per cent, aqueous solution of rhamnose containing 0*6 percent, 
of ferrous sulphate is oxidised by hydrogen peroxide in the usual 
manner. The rhamnosone is precipitated with lead hydroxide, and 
after removal of the lead by dilute sulphuric acid, sodium acetate is 
added in excess and then a solution of piienylhydrazine acetate. The 
weight of rhamnosazone precipitated at the ordinary t^perature 
varies from 20 to 35 per cent, of the weight of the rhamnose taken. 
On recrystallisation from dilute alcohol, the rhamnosazone melted at 
179 — 180° with decomposition. After drying in a vacuum, the sub- 
stance was analysed. 

0*1 734 gave 0*4029 COg and 0*1061 HgO. 0 = 63*36 ; H = 6*7. 

0*1875 „ 26*8 c.c. moist nitrogen at 16° and 753 mm. H = 16*5, 
0 i 3 H 2203 ]N 4 requires C = 63*2 ; H = 6*43 j N ~ 16*37 per cent. 


G(me Sugar, 

A 40 per cent, aqueous solution of cane sugar containing 0*2 per 
sulphate is oxidised by neutralised hydrogen peroxide 
| At first the action is slow and is accelerated by 

after the first 1/10 atpm 

' " added. A qwntity 

..^;''oxygen;''ior :a.' 
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molecular weight of cane sugar is used. Basic lead acetate is added, 
the liquid filtered, the lead removed exactly by dilute sulphuric acid, 
and the glucosazone precipitated by phenylhydrazine at the ordinary 
temperature. The filtrate on warming to 50° gave a further 
quantity of glucosazone. The yield is about 30 per cent, of the 
w-eight of the cane sugar taken. 

The substance after recrystallising twice from absolute alcohol 
melted at 205° with decomposition and, after drying at 105°, gave on 
analysis the following numbers: 

0*1892 gave 0*417 OO2 and 0107 H2O. 0 = 60*1 ; H = 6*2. 

018 „ 24 c.c. moist nitrogen at 14*5° and 752 mm. IT = 15*5. 

0 jgH 2204 lT^ requires 0 = 60*3 ; H=6*l ; ]Sr=15*6 per cent. 

Aciton of Potassium Persulphate on Glucose, 

A 10 per cent, aqueous solution of glucose containing 0*8 per cent, 
of ferrous sulphate is treated with a quantity of solid potassium 
persulphate sujQlcient to provide one atom of active oxygen per gram- 
molecule of sugar. The solution is warmed at 40° until the ferric 
iron formed begins to be reduced to the ferrous state ; it is then 
allowed to stand at the ordinary temperature for some hours and 
afterwards treated with basic lead acetate, filtered, the lead removed 
from the filtrate by sulphuric acid, and the glucosazone precipitated at 
the ordinary temperature on addition of phenylhydrazine acetate. 
The yield of the osazone is 6 grams from 25 grams of glucose. 

On recrystallisation from alcohol, the melting point was found to be 
205°, and a nitrogen determination in a specimen dried at 100° gave 
the following numbers : 

0*1725 gave 23 c.c. moist nitrogen at 15° and 760 mm. IT = 15*35. 

C18H22O4IT4 requires IT = 15*6 per cent. 

The authors wish to state that this research was carried out with 
the aid of a grant froin the Chemical Society Research Bund and 
that they are indebted to Mr, R, M, Oldham fd5r assistance in the 
experimental work. 

Gonville AND Oaius CoLLEOB Laboratory, 

Cambridge. 
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CXVI . — The Hydroxyjphenoxy- cmd Fhenylenedioxy-aeetw 

Acids, 


By W, Carter and W. Tbeyor Lawrence, B.A., Pb.D, ' 

For many years, the sole representative of the important series of 
aromatic compounds represented by the general formula 

OH-OeH^-O-OHa-COsH 


was resorcinoldiacetic acid (m-phenylenedioxydiacetic acid) (Gabriel, 
1879, 12, 1640). 

During the last few months, catecholacetic acid (o-hydroxyphenoxy- 
acetic acid) and its derivatives have formed the subject of careful in- 
vestigation (compare Majert, D.E..-P. 87336, 87668, 87669 ; G. Tobias, 
D.K.-P. 89693 ; Moureu, Bull, Soc, Ghim,, 1899, [ hi ], 21, 107 ; Lude- 
wig, J. pr, Chein.) 1900, [ii ], 61, 345 ; Lederer, D.R.-P. 108241), and 
still more recently Bischoff has published the results of researches on 
the condensation of catechol, resorcinol, and quinol with higher homo- 
logues of acetic acid (BischofP, Bm\, 1900, 33, 1668, 1676, 1688). 

The original intention of the authors was to prepare and investigate 
the mono- and di-acetic acid derivatives of the three dihydroxy benzenes, 
and. to include in this investigation the formation of anhydrides, of 
nitro derivatives, of amines, and of the morpholines and hydroxy-com- 
pounds derivable from these amines. Meanwhile, however, Prof. G, A- 
Bischoff, in answer to a communication, expressed a desire to reserve 
to himself the investigation of the compounds of resorcinol and quinol 
and we have consequently yielded to the request. This paper 
contains various data for the preparation and identification of the 
various acids, which may prove useful in determining the constitution 
of acids obtained by the oxidation of natural colouring matters, <fec.* 
The general method of preparation of the acids forming the subject 
of this paper consists in heating the disodium dihydroxybenzene with 
two equivalents of ethyl chloro- or bromo-acetate in alcoholic solution 
until neutrality is obtained, an operation which requires about 5 hours. 
The product, in ethereal solution, is extracted first with a solution of 
potasmum hydroxide, which removes unchanged dihydroxybenzene ; 
the monoacetic acid derivative and the neutral ethers are then puri- 
. by fractional distillation in a vacuum, and hydrolysed by alcoholic 


the potassium salts are precipitated at once, and on acidifying 
t acids which are recrystallised from water or acetic acid. 

► the extent of 10 per cent, of the thepr#a^ 

Yates obtamed the acid a 
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yield, are obtained on acidifying the potash washings, and are freed 
from dihydroxybenzenes by solution in sodium carbonate. The only 
exceptions to the above generalisation are catechol, which is com- 
pletely converted into the di-derivative ; and quinol, the neutral ether 
of which crystallises easily, and is best purified by recrystallisation. 

The^ acids crystallise with water, and in many cases exhibit di- 
morphism j thus »z-phenylenedioxyacetic acid (resorcinoldiacetic acid) 
^ystalhses in needles from saturated aqueous solutions, and in prisms 
rom dilute solutions i ^V^ith the exception of o- hydroxy phenoxyacetio 
acid (catecholacetic acid), they give no coloration with ferric chloride; 
the salts of the di-acids are very sparingly soluble, but those of the 
mono-acids more soluble in water. 

The di-acids may be equally well prepared by evaporating an aqueous 
solution of the disodium dihydroxybenzene with two equivalents of 
sodium chloroacetate. 


GcitechoZ D6r{v(itiv68f 

As the monoacetic acid derivative was not obtained as a bye-pro- 
duct in the preparation of the di-derivative, a condensation between 
monosodium catechol and one equivalent of ethyl chloroacetate was 
investigated m order to compare the results with those obtained by 
Moureu, Ludewig, and others ; these agreed entirely, and will conse- 
quently only be summarised here. 

Ethyl o-hydroxyphenozyacetate (ethyl catecholacetate), 

OH-OeH.-O-CHg-CO.O^Hs, 

boiled at 155--156° under 30 mm. pressure. The corresponding acid, 
recrystallised from water, melted at 162°. Both the acid and the 

ester are converted on distillation into the anhydride, 

which ^Stallises from light petroleum in prisms and melts at 67 ° 
Xhe amlide obtained from the anhydride and aniline melts at 166° 

the ethereal solution of the 

product of the condensation of 1 mol. of disodium catechol with S mols. 
of ethyl bromoacetate was agitated with potash, about 60 per cent 
went into solution and was expected to consist of the monoaceticacid 
derivative ; on acidifying the potash solution, a white, crystalline solid 
TOs precipitated, which crystallised from water and melted at 265° ■ 

the Pd^ssium hydrogen 

Etfiyl o-Fhenylmedioxydiacetale, OeH,( 0 - 0 H,- 0 O,aH.)», is a colour- 
less, pleasant smeUing liquid boiling at 230—232° under 32 mm 
pressure. 

The ester was hydrolysed by pouring into a solution of potash in 

4 o 2 
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alcohol, the mixture becoming very hot, with immediate separation 
of the potassium salt. This was collected on the pump, washed, dried 
at 100°, dissolved in water, and acidified. The substance precipitated 
was recrystallised from water, from which it separated in fine needles 
melting at 263°; it contained potassium, and the analyses, which 
did not agree very well, suggested that it was potassium hydrogen 
o-phenylenedioxydiacetate, OOgH'OHg'O^CgH^'O'OHo’COgK. The sub- 
stance was very stable, and was not easily decomposed by boiling 
hydrochloric acid ; it was consequently thought advisable to adopt 
another hydrolysing agent in place of caustic potash. 

Ethyl o-phenylenedioxydiacetate is easily hydrolysed by boiling 
with hydrochloric acid, the solution solidifying on cooling to a mass of 
crystals which, on recrystallisation from water, melt at 178°, and 
consist of O’^plhenylemdioxydiacetic acidy CgB[^(0*CH2*002H)2. 

0-0961 gave 0-1758 COg and 0-0426 H. 0 = 49-9 ; H = 4-9. 

0-1430 „ 0-2624 002 „ 0-0631 H. 0 = 50-0 ; H = 4*9. 

CioHjoOgjHgO requires 0 = 49*5 ; E[ = 4-9 per cent. 

The calcium and barium salts of this acid are obtained as crystal- 
line precipitates on addition of calcium or barium chloride to the 
solution of the ammonium salt. The harium salt was analysed, with 
the following result ; 

0-2372 lost 0-0007 at 160° and gave 0*1520 BaSO^. Ba=37-8. 

Cj^HgOgBaj^HgO requires Ba = 37*9 per cent. 

Ethyl o-phenylenedioxydiacetate, on treatment with excess of concen- 
trated aqueous ammonia, is converted quantitatively into o-phenylem- 
dioa^diacetaimdey OgH 4 ( 0 * 0 B[ 2 * 0 O'NH 2 ) 2 , which crystallises in needles 
from hot water and melts at 203°. 

0*1120 gave 11*6 c.c. nitrogen at 16° and 763 mm. N = 12*1. 

requires 3^ = 12*5 per cent. 

The aniline salt of o-phenylenedioxydiacetic acid is formed by boil- 
ing the acid with a solution of aniline in benzene ; it may be recrys- 
tallised from benzene, and melts at 250° 

The anilide^ CgH4(0*0H2*00-lTH*CgE[g)2, may be obtained from 
the aniline salt, or, more simply, by heating the acid with aniline at 
180°; it crystallises from benzene in needles and melts at 196°. 

0*0958 gave 6*2 c.c, nitrogen at 18° and 766 mm. N = 7*4, 
requires N = 7*6 per cent. 
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Resorcinol Defi'ivatims. 

mrHydroxyphenoxyacetic Acid (resorcinolacetic acid), 
OH-GgH^-O-CHg-COgH, 

is obtained on acidifying the potash washings from the condensation 
product of disodium resorcinol and 2 mols. of ethyl bromoacetate, and 
extracting the acid solution with ether. It crystallises from water in 
small prisms, with JH^O, melting at 157 — 158°, and from boiling 
toluene in needles melting at 158 — 159°. 

0-1739 gave 0*3528 COg and 0*0744 HgO. C - 55*2 ; H = 4*8. 

CgHgO^jJHgO requires 0 =»55*2 ; H = 5*0 per cent. 

The silver salt was obtained by adding silver nitrate to the solution 
of the ammonium salt and crystallises in needles from water. 

0*2101 gave 0*0896 Ag. Ag:=42*7. 

CgH704Ag requires Ag = 43*0 per cent. 

The anilide, OH-CgH^-O-CHg-OO-lTH-CgHs, melts at 125°, and is 
obtained by heating the acid with aniline at 180°. 

Ethyl m-Fhenylenedioxydiacetate, CgH4{0*CH2* 00202115)2, is formed 
both by the condensation of disodium resorcinol with 2 mols. of ethyl 
bromoacetate and by evaporation of an aqueous solution of disodium 
resorcinol with 2 mols. of chloroacetic acid dissolved in excess of 
caustic soda. It is obtained on fractional distillation of the products 
as a thick, colourless oil, which boils at 228° under 32 mm. pressure, 
and on standing for several weeks crystallises in needles melting 
at 42° 

The hydrolysis of the ester was carried out in the same manner as 
that of the catechol ^derivative, and o-plimylenedioxydiacetic acid, 
05H4(0'0H2*C03H)2, was obtained, crystallising from saturated 
aqueous or acetic acid solutions in fine needles melting at 196°, and 
from dilute solutions in prisms having the same melting point, 

0*2436 gave 0*4700 COg and 0*0897 HgO, 0 = 52*7 ; H = 4*l. 
OigH^oOg requires 0 = 53*1 ; H = 4*4 per cent. 

The sUver, copper, and iron salts of this acid are obtained from the 
ammonium salt as amorphous precipitates, insoluble in water ; the 
harivm Sbud calcium salts a,re crystalline, and are slightly soluble in 
boiling water. 

The ester, on agitation with strong aqueous ammonia, is con- 
verted into m-phenylenedioxy diacetamide, 0gH4(0*0H2*00 -1^112)2, which 
crystallises from water in needles melting at 167°. 

0*0806 gave 8*6 c.c. nitrogen at 17° and 758 mm. 1? = 12*3. 

O10H12O4II2 requires H = 12*5 per cent. 
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If the ester is warmed with dilute ammonia solution, a substance 
crystallising in needles melting at 43° is formed. Possibly it has the 
constitution NH{C02- OHg- O-OHg’ 

0*1234 gave 3 c.c. nitrogen at 2P and 758 mm. N=!2*7. 

O24H27O10N requires N ~ 2*9 per cent. 

The anUim salt is obtained by boiling the adid with aniline in 
benzene solution, and melts at 137°; it may be recrystallised from 
benzene. On distillation, it is converted into m-phen^lenedioxyditipetr 
anilide^ CgH4(0*0H2* CO ‘NH* 0^115)2, which crystaUises in prisms 
from benzene and melts at 169°; the anilide may more easily be. 
obtained by heating the acid with aniline at 190°. 

0*1165 gave 7'5 c.c. of nitrogen at 18° and 756 mm. 1:7 = 7*4. 

^^22^20^4^2 requires 17 = 7’5 per cent. 

On boiling ??i-phenylenedioxydiacetic acid with fuming nitric acid 
diluted with half its volume of water, innitro-m-phenylenedioosi/- 
diaeetic acid^ (N02)sCgH(0*CH2*C02H)2, is formed and crystallises 
from the solution on cooling In pale yellow prisms which may be 
purified by recrystallisation from water, and melt at 174°. 

0*1637 gave 17 c.c, nitrogen at 19° and 751 mm. N = ll*7. 

01^^^1^012173 requires 17 *= 11*7 per cent. 

This nitro-compound is converted by potash at 140° into styphnic 
acid (2:4; 6-trinitroresorcmol), and is consequently the 2 : 4 ; 6-tri- 
nitro-derivative. 

Quinol Derivatiim. 

^Mifdroiispphenoxyacetic OH* O’OHg* GOgH, is obtained 
in the same way as the cori'^ponding resorcinol derivative. It crystal- 
lises from water in prisms with I^HgO, and from toluene or xylene in 
anhydrous needles, both forms melting at 152°. 

0*2738 gave 0*5560 COg and 0*1247 HgO. 0 = 55*3 j H = 5*0. 

C8H304,-|H20 requires 0 = 55*2; H« 5*0 per cent. 

After crystallisation from xylene, 

0*3418 gave 0*7132 OOg and 0*1459 HgO. 0 = 57*1 ; H = 4*7. 

OgHgO^ requires 0=57*1 ; H = 4*7 per cent, 

, Tim salt melts at 119°. 

1 OH*€JgH4‘O*0H2*GO*17H*CgH5, crystallises in prisms 

||j^p|h''b^r!s^e.imd,ineits'at 10 - 

nd 763 mm. 17^5*7. 
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Ethyl ^Fkenylmedioxydiacetate, CgH^(0*CH2*C02C2Hg)2 — ^The 
ethereal solution from the condensation of 1 mol. of disodium quinol 
with 2 mols. of ethyl bromoacetatej after washing with potash, begins 
to crystallise, and on distilling ofE the ether, a solid cake of ethyl 
j(>-phenylenedioxydiacetate is obtained. When recrystallised from 
dilute alcohol or light petroleum, the ester melts at 72°. 

0’1713 gave 0*3747 COg and 0*0994 HgO. 0 = 59*6; H = 6*4. 

Cj^HigOg requires 0 = 59*5; H = 6*3 per cent. 

The crystalline ester is converted on hydrolysis with alcoholic potash 
into ^phenylenedioxydiacetic acid, 0gH4(O*0H2*C02lI)2> which melts 
at 251°, and is very sparingly soluble in all solvents, but may .be 
obtained as a microcrystalline powder from boiling acetic acid. 

0*2394 gave 0*4640 OO2 and 0*0996 H2O. 0 = 52*3 ; H = 4*6. 

CioHioOg requires 0 = 53; H = 4*4 per cent . 

On neutralising the acid with ammonia, the ammonium salt is 
formed, which crystallises from water in needles ; its solution gives 
amorphous precipitates with silvei', copper, and iron salts, and crystal- 
line precipitates with barium and calcium salts. The harium salt was 
analysed with the following result : 

0*3660 lost 0*0011 at 160°, and gave 0*2324 BaSO^. Ba = 37*4. 

OiQHsOgBa,|H20 requires Ba = 37*9 per cent. 

The anilide, 0gH4(O-0jB[2‘0O*NH*0gH5)2, crystallises in glistening 
needles from benzene and melts at 210°. 

0*1617 gave 10*3 c.c. nitrogen at 18° and 756 mm. 357 = 7*3. 

C22H20O4N2 requires N = 7 *5 per cent. 

The investigations of Prof. C. A. Bischoff (compare Ber., 1900, 33, 
924) having been confined to acids of the type 0gH4(0’0ER'*G02B[)2J 
we concluded he had, with intention, omitted the study of the 
acetic acid derivatives. We communicated with him, however, 
and in a letter dated May 26fch he announced his intention of 
investigating the acetic acid derivatives of resorcinol and quinol, 
and, subsequently to the abstract of this paper being communicated 
to the Society, a notice to this effect has appeared in Beriohto 
(loc, cU., 1692). 

The Owens College, 

Manchester, 
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CXVII , — Specific Gravities of the Halogens at their 
Boiling Points, and of Oxygen and Nitrogen. 


By JuLiEN Dbrgman, Ph.B., and William Ramsay, P.R.S. 

The object of the following experiments was to determine the 
specific gravities of the halogens in the liquid state under similar 
conditions. The conditions chosen were the boiling points of the 
elements under atmospheric pressure, as from Young's experiments 
(Ramsay and Young, PM. 1885, [v], 20, 518; Young, PM. 

Mcbg.f 1892, 33, 161 ; 1894, 37, 4) the benzene halides have 
molecular volumes at the boiling point under equal pressures which 
bear constant ratios to one another for all equal pressures, and 
therefore also for their critical pressures. 

If similar halides have these properties, it is reasonable to expect 
that the halogens would also bear the same ratios to one another, 
and that the densities at their boiling points would bear the same 
ratios under the ordinary atmospheric pressure as at their critical 
pressure. 

The specific gravity of iodine was first determined. For this 
purpose, a small glass bulb with a capillary tube bent twice at 
right angles was used. Its capacity was accurately determined, 
and then it was filled with liquid iodine by heating, dipping the 
end of the capillary in liquid iodine, and afterwards letting it cool. 

The bulb was then hung up by means of a wire in a wide tube 
about 18 inches in length containing boiling iodine, and left there 
long enough to get heated to the same temperature as the vapours 
from the boiling iodine. It was now quickly drawn out, allowed 
to cool, and the weight of the iodine left in it determined. The 
following results were obtained ; 


Temperature. 

1. 184'5° 

2 . 184 * 3 ^ 

a. 184*5° 


Volume of bulb. 
2 ‘326 c.c. 
1*763 „ 
2*042 „ 


Weight of iodine. 
8*6200 gr. 
6*5384 „ 
7*5560 „ 


Sp. gr. iodine. 
3*706 
3*708 
3*699 


iN’o. 3 was too low owing to a piece of the capillary containing some 
iodine having cracked off on cooling- The average would then be 
3*706 at a temperature of about 184*35°, that is, the boiling point 
under 760 mm. (Ramsay and Young, Trans., 1886, 49, 461). 

In. determining the volume of the bulb, the expansion of the glass 
taken into account, and in all the following determinations the 
the bulb was allowed for. The coefficient 
above zero, and 0*0000219 
1900, [v], 49, 518). 
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The specific gravity of bromine under similar conditions having 
already been found, that of chlorine was next determined. 

The apparatus for chlorine was necessarily more complicated, but 
the method was the same as that just described, that is, heating a 
bulb containing the liquid by means of the vapours of the same 
liquid boiling in an outer jacket at atmospheric pressure, and then de- 
termining the’ weight of the contents of the bulb. 

The bulb was in this case an ordinary thermometer bulb with the 



stem bent twice at right angles, and graduated for 2 or 3 inches from 
the bulb upwards. The weight of the chlorine was determined .by 
absorbing the gas in potassium iodide solution and titrating the liber- 
ated iodine with thiosulphate solution. 

The bulb and jacket were exhausted several times by means of 
an air-pump. The accompanying diagram shows the apparatus 
used. A was first" connected to a T-tube leading on one side 
to the vacuum pump, and on the other to the chlorine generator ; 
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afterwards the T-tube was removed and replaced by the potassium 
iodide absorption apparatus. B connected the jacket with another 
chlorine generator, C with the vacuum pump, D with an absorption 
apparatus containing slaked lime and open at one end to " the outer 
atmosphere in order that atmospheric pressure should be maintained 
in it. 

By means of liquid air, chlorine was first condensed in the jacket 
until it was half full of liquid, and, at that temperature, solid 
chlorine. Then the gas was allowed to condense in the inner bulb. 
The liquid air was now replaced by an empty cooled vacufim tube, 
and while the temperature of the chlorine rose slowly to the boiling 
point, A was connected with the potassium iodide apparatus, and 
as soon as the liquid had fully expanded in the bulb its height was 
read. 

The vapour jacket not only insures correctness of temperature, but in 
cases like the above prevents any sudden boiling up of the liquid 
before the readings have been taken. 

The following results were found : 

Volume of bulb, 0*679 c.c. 

Weight of iodine liberated, 3*1216. 

Weight of the chlorine, 0-8726 gr. 

Sp. gr., 1*6071 at -33*6° 


The values hitherto found for the specific gravity of chlorine are 
1*33 at 16° under 4 atmospheres pressure, and T66 at a temperature 
below the boiling point. 

Fluorine is the only halogen whose specific gravity at its boiling 
point has still to be determined, but owing to the difficulties attending 
the practical carrying out of the determination use was made of the data 
given by Moissan and Dewar. (Prcc., 1897, 13, 180). They give the 
boiling point of fluorine as being slightly lower than that of oxygen, 
about — 187° Its density they determined by putting substances 
of known density in a tube cooled to 190° and condensing the fluorine, 
in it. Amber was found to agree almost exactly in density with the 
fluorine. They also remark that fluorine contracts about 1/1 4th of 
its volume from this temperature to - 210° that is, for a difference in 
temperature of about 20°. 


First the density of amber at a temperature near that of boiling 
feNjirhae was determined by finding its loss of weight in liquid oxygen 
a temp^ture just below the boiling point. For this purpose, 
e also ascertained, as it has not been 

point under ordinary pressure with 


was ' employed, 
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replacing the chlorine generators by oxygen holders, and the absorp- 
tion apparatus by a gas-measuring apparatus. 

The purity of the oxygen in the outer tube was not of such im- 
portance so long as its temperature was exactly known ; Brin's 
oxygen containing 93 — 95 per cent, of oxygen was therefore used, and its 
boiling point deducted from Baly’s curve (loc. cit). At the pressures 
of 759 — 762 mm., the boiling point is 89*4° to 89*7^ absolute, or 
-183*6^ to -183*3° 

The following results were found : 

Temperature. Volume of bulb. "Weight of oxygen. Density. 

1. -183*6° 2*093 C.C. 2*3692 gr. 1*1321 

2. -183*3 0*913 „ 1*0326 „ 1*1310 

These are slightly lower than those given by Dewar (1*1378 at 
776*6 mm.), but as he does not seem'to have used an oxygen jacket but 
liquid air to surround his vessel, the temperature during his determina- 
tion must have been rather lower. 

Amber was now cooled in liquid air, and then dropped into liquid 
oxygen in a small vacuum vessel, enclosed in a second one containing 
liquid air. In air it sank, but in the oxygen it rose to the surface,, 
showing it to be lighter than liquid oxygen at that temperature. 

By weighting the amber with a piece of silver whose density in the 
oxygen had been determined, the density of the amber was also- 
determined and found to be 1*100 for a piece of amber of 1*066 density 
at 15°, that is, a difference of 0*035 for a lowering in temperature of 
200 °. 

The accuracy would be great enough in taking 1*11 as the average 
density of amber at - 190°, and allowing for ah expansion of the 
fluorine of about l/90th of its volume from — 190° to — 187°, we can 
take its density at its boiling point to be about 1*108 ; an accurate 
determination is, however, not possible from the data given by Moissan 
and Dewar, and so the above can only be taken as a rough approxi- 
mation. 

As the densities of liquefied gases have given somewhat different 
results in later e3q)eriments, and as that of nitrogen does not seem to 
have been determined lately, it was also measured under the same con- 
ditions as the others in this paper. In this case, the vapour jacket 
was dispensed with, and so the results do not agree very closely,, 
probably owing to the ease with which the nitrogen gets super- 
heated, -as Baly mentions in his paper on the vapour pressures 
of nitrogen* Both chemically pure nitrogen and atmospheric 
nitrogen were used, and, although the average density was slightly 
higher in the case of the latter, ^ the accuracy of the determinations- 
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was not great enough to find the exact difBerence in the density of the 
chemically pure and the atmospheric nitrogen. 

For this purpose, the nitrogen vapour jacket should have been used 
and the bulb should have been larger. That used was only 1*52 c.c 
in capacity ; a bulb of about 3 — 5 c.c. should give accurate results. 
The following results were obtained : 


A, Chemical nitrogen. 

Temperature. Tol. of bulb. Weight of nitrogen. Sp. gr. 

1. -195-5'' 1*522 e.c. 1*1938 gr. 0*7843 

2. -195*6 1*531 „ 1-2116 „ 0*7914 

B. Atmoapheric nitrogen. 

3. -195*5" 1*531 c.c. 1*2026 gr. 0*7855 

4. -195*5 1*541 „ 1*2205 „ 0*7920 

5. -195*5 1*537 „ 1*2158 „ 0*7908 


In Nos. 1 and 3, 0*7843 and 0*7855, the nitrogen seems to have 
been superheated, as these results are rather far apart from the 
others. The average for the density of nitrogen at its boiling point 
under ordinary pressure, that is, at - 195*5" under 760 mm., is then 
0*7914. This is much lower than the values given by Wrdblewski 
(0*83 under 1 atmosphere) and Olszewski (0*886 under 748 mm., and 
0*859 under 740*9 mm. pressure). 

These data enable us to compare the molecular volumes of a 
number of elements. The specific volumes of the elements under 
investigation are : 



Sp. voL 

Mol. vol. 

Nitrogen 

1*390 

39-04 

Phosphorus ..... 

0*6734 

41-82 

Oxygen........... 

0*8838 

28*28 

Sulphur ........ 

0-6757 

43-20 

Fluorine 


34-30 

Chlorine 

0*6635 

47-04 

Bromine 

0*3392 

54-26 

Iodine 

0*2698 

68-46 


The atomic volume of nitrogen in combination has been given as 2*3 
by Kopp from a single determination, that of aniline. One of us 
ay, Trans., 1881, 39, 67) showed that the value of nitrogen in 
ris lM?ter taken as 7*0, This, however, would give the density 
2, a result much in excess of the truth. It' is in- 
i*e the volume of phosphorus and of sulphur in 
results (itamsay, Trans., 
391) show that in 
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the free state sulphur has the lower of its two molecular volumes, 
namely, 22*6 ; and phosphorus has the atomic volume 20*7 in com- 
bination and 20*9 in the free state. The lower volume corresponds 
with that of pentad phosphorus, and presumably the volume of sul- 
phur in the free state, with that of hexad sulphur. From analogy, 
the volume of free nitrogen should be that of pentad nitrogen, as, 
for instance, in the nitro-group ; this corresponds with 17*4 in the 
free peroxide of nitrogen, as well as in combination, a number not 
differing very greatly from 19*52, the value of the atomic volume 
of free nitrogen. 


Q'X^flYL—HydToferTOcyanic Acid. 

By Kendall Colin Browning, B.A. 

Among the many apparently contradictory statements made concerning 
the properties of hydroferrocyanie acid, are those referring to the 
action of heat on the substance. 

Bobiquet {Ann. Ghim. Phys., 1819, [i], 12, 277) obtained anhydr- 
ous hydrocyanic acid by heating hydroferrocyanie acid to the boiling 
point of mercury. On further raising the temperature, nitrogen was 
evolved, and a black powder left, which, with caustic potash, gave a 
trace of potassium ferrocyanide, and on boiling evolved traces of 
ammonia. The residue was non-magnetic, contained carbon, and was 
regarded as a mixture of iron and carbon. 

Berzelius {Ann. Chim. Phys.^ 1820, [i], 16, 228) heated ammonium 
ferrocyanide and obtained iron cyanide. This substance, at a low red 
heat, evolved nitrogen and left iron carbide. No analyses are given 
in the paper. 

Bammelsberg {Pogg. Ann., 1851, 38, 364; 42, 111) states that by 
heating hydroferrocyanie acid he obtained ferrous cyanide, and at a 

higher temperature '' paracyanogen and a substance O^QN^Fe^, 

Etard and B^mont 1884, 99, 972, 1024) say that dry 

hydroferrocyanie acid at 440® evolves 46 per cent, of hydrocyanic acid, 
leaving a yellow mass, FeHFeCyg or 2 FeCy 2 ,HOy. 

The acid used in the following work was obtained by adding pure hydro- 
chloric acid to a cold saturated solution of purified potassium ferro- 
eyanide. It was dissolved in absolute alcohol, precipitated by dry 
ether, dried at 80 — 90® in hydrogen and then in a vacuum, and 
redissolved in absolute alcohol. This process was repeated five times, 
until potassium could no longer be detected spectroscopically. 

The following results were obtained on analysis : 

Found, Fe- 25*85, 25*80, 25*998. Oalc., Fe~ 26*04 per cent. 
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Thus obtained, the acid is a snow-white mass. It obstinately retains 
•ether, and this is best removed by heating to 80° for some hours in a 
current of hydrogen dried by phosphoric oxide, and finally raising 
the temperature to 100 °. 

Decomposition of Hydroferrocyanic Acid in Air, 

When dry and free from ehher, hydroferrocyanic acid remains 
unchanged when exposed to air, over phosphoric oxide, for many 
months. 

On gentle warming in air, it turns blue, evolving hydrocyanic 
acid, and when heated for a few days to just over 100 °, it completely 
oxidises to ferric oxide. As would be expected, it deflagrates when 
mixed with sodium peroxide and gently warmed. When warmed 
to 60° with water free from air, it evolves hydrocyanic acid, leaving 
ferrous cyanide (compare Adie and Browning, Trans., 1900, 77, 150). 

Action on Ether, 

When dry hydroferrocyanic acid is treated with absolute ether, a 
considerable evolution of heat occurs, and the mass swells up. Accord- 
ing to Etardand B4mont (loo, ciL\ the compound H 4 FeCyg, 2 Et 20 is 
obtained, but they give no analyses or details. 

Dry hydroferrocyanic acid was therefore exposed to absolute ether 
vapour for a few weeks, and then kept in a desiccator over paraffin 
till the weight was approximately constant. Analyses gave : 

Ether — 28*06 and 28’29 percent. 

H 4 ,FeCye, 2 Et 20 requires ether — 40*66 per cents , j 

H^FeC^fljEtaO eth6r“26*5 „ 

By very gently warming in dry air for some days, almost every 
trace of ether was expelled, so no very definite compound seems to 
exist under these conditions. 


Action of Seat in absence of Oxygen, 

The decomposition described below was effected in hard glass 
vessels which were heated in a bath of Wood's metal. Owing to the 
ease mth which the products oxidise, the whole apparatus was re- 
^atediy exhausted by a mercury pump, and filled with purified 
dried by phosphork 

B jrv^ used to show when gas evolution commenced, 
I a >017 slow current of hydrogen was passed to sweep 
kes of hydrocyanic acid. Temperatures were taken by 
t^tb nitrog^^^^ 

aoid begins at 1 20 °, but even 
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:wlien heated at 220° for 3 hours the decomposition is not complete, 
the product containing undecomposed hydroferrocyanic acid. 

Found,- Fe = 44*2 and 44'3 per cent, 

FeCyg requires Fe==51-8 per cent. 

FeOy^-HOy „ Fe=41-4 „ 

2FeCy2-HCy „ Fe=46‘l „ 

At 300°, however, the decomposition was rapid, and was com- 
plete in less than two hours. The whole of the hydrocyanic acid 
was evolved and a pale yellow powder, which analysis showed to be 
ferrous cyanide, was left. 

Found, Fe = 51’4, 51*2. FeOyg requires Fe=51*8 per cent. 

The difference is undoubtedly due to the ease with which ferrous cyanide 
undergoes oxidation. Even in cold air it rapidly becomes warm, turning 
greenish-yellow, slate-blue, and finally deep blue, and when warmed 
gently, it glows, burning to ferric oxide. 

This decomposition of hydroferrocyanic acid gives a convenient and 
moderately safe method of preparing dry, colourless hydrocyanic 
acid. 

' Ferrous cyanide is stable, in absence of oxygen, up to 430°, but 
above that temperature it very slowly evolves nitrogen. The evolution 
becomes more rapid on raising the temperature, but is not complete 
even after six hours heating at about 480°. For example, a specimen 
gave Fe = 67*3, FeCg requiring Fe = 70 per cent. 

By heating to dull redness in a lead-bath for 4 hours, all the 
nitrogen was evolved and a black mass left, which had a composition 
approximating to that required for the carbide FeOg. 

Found, Fe = 70*4, 70*7, 70*5. FeCg requires Fe == 70*0 per cent. 

The excess of iron seems due to slight reduction of the cyanide 
by the small amount of hydrogen present in the vessel. 

The black mass left is a very fine powder, and when gently warmed 
it glows, oxidising to ferric oxide, hence great care must be taken 
to remove all oxygen from the apparatus in which the ferrous cyanide 
is prepared. It partially dissolves in dilute hydrochloric or sul- 
phuric acids, evolving hydrogen and small quantities of hydrocarbons. 
With nitric acid of. sp. gr. 1*35,; it partially dissolves, giving the 
usual coffee-coloured solution, indicating the presence of a carbide. 
The substance, however, is not pure iron carbide, FeG^, as 

(i) It partially and readily dissolves in dilute hydrochloric acid, 
and the residue dried in a vacuum at 160°, or over phosphoric oxide 
in a vacuum for three weeks, osily contains about 29 per cent, of 
iron (found, Fe=!29*0, 29*3 per cent,). 



1286 


BEOWNING: HTDEOFERROCTANrC ACID. 


(ii) The residue left after repeated treatment mth acid is pure car- 
bon only. The carbide present is not due to reaction between the 
iron and carbon formed by decomposition of the cyanide, as by heat- 
ing an intimate mixture of reduced iron and carbon powder for 3 
hours at the temperature of complete decomposition of ferrous 
cyanide, no trace of carbide could be detected by the nitric acid reaction. 

Hence it would seem that ferrous cyanide decomposes chiefly to 
iron, carbon, and iron carbide. The product contains no cyanide, but 
by treating with hydrochloric acid and then with caustic potash, a 
trace oi ammonia was evolved, so apparently a trace of iron nitride is 
formed (compare Fowler, J3.A, Eejport, 1893 ; Abstr., 1894, ii, 50). 


Constitution of Ferrous Cyanide, 

According to FriedeFs suggestion (note to a paper by Muller, 
Oompt, rend., 1887, 104, 994), hydroferrocyanic acid is 

CNH 

/\ 

N-O CNH 

\/ 

ONH 

and, unless tautomeric change occurs in the decomposition, ferrous 
cyanide should be an isocyanide. 

Although ferrous cyanide does not react with ethyl iodide even 
when heated with it and alcohol for many hours, yet when warmed 
in a current of hydrogen with potassium ethyl sulphate, ethyl iso- 
cyanide was obtained and was readily identifled. This reaction 
would tend to confirm the isocyanide formula, as ethyl cyanide is not 
transformed to the isocyanide at the temperature used (200^ — 220°). 

Lastly, Wade (Proc., 1900, 16, 156) has shown that the effect of 
heat is to transform a metallic isocyanide into the normal form, and 
not mce versd, just as is the case with many organic isocyanides. 
Wade finds that potassium cyanide is really an isocyanide, and under- 
goes transformation into the normal form on heating strongly ; fer- 
rous cyanide also behaves in a similar manner. 

. M ferrous cyanide were Fe(CH) 2 , then it would be expected to leave 
;:^n carbide when all nitrogen is expelled, whereas if it has the iso- 
structure Fe(HO) 2 , it should give iron, carbon, and possibly a 
of nitride, , As a matter of fact, the product is a mixture of 
feon carM and possibly a trace of nitride, so it would 
the feafTous cyanide group has the latter constitution in 
f addi but when decomposing at about . 500° behaves 
f j^^iEii^ure of the cya^ 
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Constitution of Hydrqferrocyamic Acid, 

Owing to the ease with which a hydrogen atom shifts from one 
position to the other, it is almost impossible to decide from the be- 
haviour of free hydrocyanic acid whether in hydroferrocyanic acid the 
four HON groupings have the iso- or normal arrangement. Brixhl 
1883, 26, 806) states that, from its molecular refraction, hydro- 
cyanic acid would seem to have a constitution different from that of 
cyanogen, which he has shown has a molecular refraction agreeing 
with that calculated for the constitution NzO'CrN ; it must therefore 
be HNIO or HN:0. In a later paper, however {Zeit, physihal. Ghem,, 
1895, 16, 497), he concludes that the acid is as its molecular 

refraction (for sodium light) agrees with that of the aliphatic cyanides. 

The ^fiocyanide formula is, however, supported by Nefs work on 
bivalent carbon {Annalm^ 1892, 270, 267; 1895, 287, 265; com- 
pare also Thiele, Ber,, 1883, 26, 2645). For example, hydrocyanic 
acid readily combines with ethyl hypochlorite to form ethyl cyan- 
imidocarbonate, 0I!Nr*0(2:IH)*002H5. Further, in presence of alcohol, 
it first forms (with hydrogen chloride) imidoformyl chloride, 
NHICHOl, and then the compound NH:CH-0(ITH)C1. 

Kieseritzky {Z&U, physihal, Ckem,, 1899, 28, 385), from the results 
obtained by an electrometric method of determining constitution, 
concludes that hydrocyanic acid is 

The above work, however, does not obviate the possibility of taut- 
omerism, and indeed the fact that dry hydrocyanic acid is very inert 
and does not combine with chlorine or hydrogen chloride at low tem- 
peratures, or with ethyl hypochlorite at - 10°, tends to show that 
under some conditions hydrocyanic acid behaves as if it were H'OK. 

Hence it does not seem possible, from examination of the hydro- 
cyanic acid prepared from hydroferrocyanic acid, to draw any very 
definite conclusion as to the constitution of the latter. The decom- 
position of ethyl ferrooyanide was therefore examined. 

Ethyl ferrocyanide was first prepared by Freund (Ber., 1888, 21, 
931) by washing precipitated silver ferrocyanide with strong 
alcohol, and heating it, without further drying, with alcohol and ethyl 
iodide ; the yield, however, is unsatisfactory. A better method is to dry 
silver ferrocyanide over phosphoric oxide in a vacuum, grind it to an 
impalpable powder, mix with twice its weight of dry sea-sand, and heat 
under pressure with absolute alcohol and slight excess of ethyl iodide 
for 12 hours at 100° (the yield is not improved by heating at 130° in 
an autoclave). The mass is then repeatedly extracted with absolute 
alcohol, evaporated down, recrystallised from chloroform, and dried in 
warm air, or reorystallised from excess of boiling acetone. 

VOL. LXXVII. 4 P 
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According to Freund, the ester decomposes on heating, giving ethyl 
^sceyanide. His experiments were repeated, and confirmed in every 
detail. The free acid would therefore seem to be 4H*N0(Fe!N'C)2, 
agreeing thus with FriedeFs formula. In support of this ring formula,, 
the stability of most ferrocyanides when heated may be quoted, but no- 
other satisfactory evidence has been adduced. It does not, however,, 
easily explain (i) the ready formation of nitroprussides by the action 
of nitric acid on ferrocyanides, or of nitroprussic acid by the action of 
nitric oxide on a warm aqueous solution of hydroferrocyanic acid 
(Playfair, Phii. Mag,, 1850, [iii], 36, 197, 271, 348), or by the action 
of potassium nitrite on ferricyanides at 100° (Prud’homme, Gompt. 
rend., 1890, 111, 46) ; (ii) the transformation of nitroprussides into 
ferrosotetracyanides on heating (Etard^and B^mont, Compt. rend,, 1885, 
ICO, 275), 2Ha2NOFeCy5 = 23Sra2PeCy4 + 2N'O + 02H2. If, however, we 


assume that hydroferrocyanic acid is Fe<( 


pH’ 

JNK 


then nitro- 


'NT'r* 

prussides become salts of the acid Fe«f nxrxr* 

position, on heating,' would be readily explained thus ; 
.OH 


Their decom- 


^.^^0NNa=2N0 + 0,N, + 2Na,l'e0y,. 




and potassium carbonylferrocyanide (Muller, he, cU.) would be 


F 






OHK 

CHK 


The author has much pleasure in acknowledging Mr. Adie’s help 
and suggestions throughout the course of this work. 

- St. John's College Laboeatoet, 

Cambeidge. 
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CXIX . — The Nature of Metal-ammonia Compounds in 
Aqueous Solution, Part I, 

By H. M.. Dawson and J. McCbae. 

Beychler {Bull, Boc. 1895, [iii], 13, 387 ; Ber,, 1895, 28, 

555) Las shown that the freezing point of a solution of silver nitrate 
is not appreciably altered by the addition of 2 molecules of ammonia per 
molecule of salt, but that further addition of ammonia is accompanied 
by a considerable lowering of the freezing point. In the case of copper 
sulphate solutions, the freezing point is depressed to some extent by the 
addition of 4 molecules of ammonia per molecule of salt, whilst in the case 
of copper nitrate the addition of a similar quantity of ammonia pro- 
duces very little change in the temperature at which ice separates 
from the solution. Similar results were obtained by him for the 
variation of the equivalent conductivity of solutions of silver nitrate, 
copper sulphate, and copper nitrate oh the addition of corresponding 
quantities of ammonia. 

From Beyehler’s experiments, it is evident that the number of mole- 
cules present in the silver nitrate solution is not increased on the 
addition of 2 mols. of ammonia to 1 mol. of salt. When more ammonia 
is added, then the total number of molecules in the solution is increased, 
each molecule of ammonia added increasing the molecular lowering 
by about 19*5 units (theory 18*6), The addition of 4 molecules of 
ammonia to a solution containing 1 molecule of copper nitrate increases 
the number of molecules only to a very slight extent (inci'ease of mo- 
lecular lowering 2*6), but the similar addition to a solution of copper 
sulphate causes an appreciable change (7*7 in the molecular lowering).* 

ElonowalofE (J, Eioss, Fhys, Chem, Soc,^ 1899, 31, 910 ; Abstr., 1900, 
ii, 265) determined the partial pressure of ammonia of ammoniacal 
salt solutions by drawing a current of air through the solutions con- 
tained in a thermostat at 60° into a standard acid solution. He 
finds that the partial pressure of the ammonia of the salt solution is 
expressed by the formula P Am), where partial pressure 

of ammonia from pure aqueous ammonia solution, n == number of gram- 
molecules of ammonia and m = number of gram-mois. of salt per 
litre, and h a constant. For silver nitrate, he finds ^ = 2, and for 
cadmium nitrate, zinc nitrate, nickel chloride, copper nitrate, copper 
chloride, copper sulphate, and copper acetate A = approx. 4 (3*4 to 

* The effect produced by the addition of more ammonia than 4 molecules per 
molecule of copper salt has not been investigated, and in consequence the deduction 
of conclusions from Reychler’s experiments is made somewhat difficult. 

4 p 2 
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4'04). Seine salt solutions which are not at first precipitated by ammonia 
were also investigated, and it was found that the partial pressure of 
ammonia in such ammoniacal salt solutions was greater than the par- 
tial pressure of pure aqueous ammonia solution, except in the cases of 
calcium and strontium chlorides. In these two cases, there is probably 
some specific action between the ammonia and the dissolved electrolyte, 
but for the others the results are in accordance with those obtained 
for the influence of dissolved salts on the absorption coefficient of such 
gases as hydrogen, nitrogen (Steiner, Ann, Fhys. Ghem.i 18M, [ii], 62, 
275; Braun, Zeit, phy$ihcd, Chem,, 1900, 33, 721), and nitrous oxide 
(Gordon, Zeit, ;physih<d. Chem,^ 1900, 18, 7 ; Roth, Zeit physiked, Gkem,, 
1897, 24, 114), and also on the solubility of ethyl acetate (Euler, Zeit, 
physihed, Ghem., 1900, 31, 360) and phenylthiocarbamide (Rothmund, 
Zeit, physikal, Ghem,, 1900, 33, 402). 

According to the law of distribution (Nernst) of a substance between 
two non-miscible media, the condition of equilibrium at a given tem- 
perature is determined by a constant ratio of the concentrations, if the 
molecular weight of the distributed substance is the same in the two 
media. If we invert this distribution theorem, it follows that devia- 
tions from the constant concentration ratio will serve as a measure of 
any molecular change which the distributing substance undergoes in one 
or other of the media, as Hantzsch and Sebaldt {ZeiL phydhal, Ghem,, 
1899, 30, 258) have pointed out. Such molecular changes probably 
occur in ammoniacal salt solutions, and the investigation of the distri- 
bution-coefficient of ammonia between such salt solutions and a medium 
non-miscible with water will indicate the formation of complex 
compounds produced by combination of the salt and ammonia. The 
deviation of the distribution-coefficient for the salt solution from the 
value found for pure water and a non-miscible medium will measure 
the complexity of such compounds. The investigation of this devia- 
tion forms the subject of the present paper. 

Hantzsch and Sebaldt {loc, cit,, 266), in an attempt to elucidate the 
constitution of ammonia and amine solutions, have investigated the 
distribution of these substances between water and various non- 
miscible organic liquids. They find that the ratio of the concentration 
of ammonia in water to that in chloroform is independent of the 


C-f 

Absolute value of the concentrations, that is, ~ = constant, where c. == 

^2 ' 

Amcentration in water, and C 2 = concentration in chloroform. In their 
. Sebaldt take account of the electrolytic dis- 

ofrmpieous ammonia solution, but neglecting this — which is 

iaisill at eoncentetions used— the ratio ^ is practically 

r entering into a discussion of the nature of aqueou..^ 
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ammonia solution, we can conclude from tlie constancy of tliis ratio 
that the molecular complexity of the ammonia in both solvents is the 
same. This being the case, the conditions under which the problem to 
be solved has been investigated are as simple as possible. 

By reason of the considerable solubility of ammonia in chloroform, 
and, at the same time, of the small reciprocal solubility of water and 
chloroform, the latter is particularly adapted for our investigation.^ 

Expeeimental. 

The method of experimentation was as follows : 50 c.c. of solution 
containing the salt and ammonia were thoroughly shaken in a separ- 
ating funnel with a known volume of chloroform. The separating 
funnel was placed in a thermostat, and after having acquired the 
temperature of the bath, the chloroform and aqueous solution were 
repeatedly shaken until it could be assumed that equilibrium had 
been established. Hantzsch and Sebaldt have shown that this takes 
place very quickly. After the chloroform had completely settled 
from the salt solution (about ^ hour), the funnel was removed from 
the thermostat, the two layers at once separated, and without any 
loss of time the anxmonia in each was estimated. We may assume, 
from the result of special experiments, that during the course of the 
experiment practically no ammonia is lost. The amount of ammonia 
in the chloroform solution was determined by adding a known volume 
of this (either 40 or 70 c.c.) to about 80 c.c. of water contained in a 
stoppered bottle. This was then directly titrated with OT normal 
acid, using methyl-orange as indicator, the end point being taken 
when a permanent pinkish colour appeared in the aqueous layer after 
shaking the chloroform through it. We have proved by preliminary 
experiments that this method of determining the ammonia in chloro- 
form is accuiute. In the first experiments with capper sulphate 
solution, the quantity of ammonia in the aqueous solution was deter- 
mined by distilling a known volume of the solution, to which an 
excess of alkali had been added, into a known volume of normal 
sulphuric acid solution and titrating back, after diluting, with O’l 
normal alkali. It was also proved that the accuracy of this method 
is satisfactory. Besides, as we always knew the total amount of 
ammonia present and the volume of both the aqueous solution and 
the chloroform, we had a check on the analysis. In the case of 
colourless solutions (aqueous), it was unnecessary to distil off the 
ammonia, and the quantity was determined by direct titration of a 

* According to Herz {Ber,, 1898, 31, 2669), 100 volumes of chloroform dissolve 
0152 volume of water, and 100 volumes of water dissolve 0*420 volume of chloro- 
form at. the ordinary temperature. 
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known volume with 0*1 normal acid. It was afterwards found 
possible to titrate the copper salt solution directly, as the intense blue 
colour of the copper-ammonia ions disappears before the end point 
is reached, and the colour due to the copper ions in the very dilute 
solution which we used in the titration was much too weak to mask 
the end point in any way. The amount of ammonia found by these 
methods agreed perfectly. The total amount of ammonia found 
was usually a triie less than that added, but the difference was 
nearly always less than 1 per cent, of the total, and never exceeded 
1’5 per cent. 

The aqueous solution was obtained by taking a known volume (a) 
of normal salt solution, adding a known_Tolume (5) of approximately 
normal aqueous ammonia solution (sufficient to precipitate the metal 
hydroxide completely, then wholly . redissolve it) and then (50 -a-V) 
c.c. of water. The amount of chloroform used was either 100 c.c., 70 
of which were taken for the titration, or 50 c.c., of which 40 were 
taken. The amount of 0*1 normal acid used in the titration varied 
between 4 and 16 c.c. for the chloroform, and between 10 and 40 c.c 
for the aqueous solution. 


Disirilution-coeffieient of Ammonia between Water and Chloroform. 

The results obtained at 20® with varying absolute concentrations of 
ammonia are given in the following table : 


Total ammonia 
in original 
aqueous solution- 

per litre. 

Concentration of 
ammonia in 
CHGlg. 

■ 

Oram per litre. 

Concentration of 
ammonia in 
aquepns part. 
A- 

Grams per litre. 

Coefficient 

Mean. ■ 

0*365 

0-2317 


26*0 


0*373 


6*138 

26*9 


0*444 

0*2730 


26-7 




8-737 

i 26*1 

26-3 

0*548 

0*3380 

9*024 

i 26*7 


0*712 


11*290 

: 26*0 


0*892 

0-5431 

14*140 

j 26-0 



The deviations from the mean value shown by the above numbers 
q^uite irregular, and no regular variation of the distribution-co- 
rfSeieait with the concentration is observable. The accuracy of the 
lete deteom in the paper (after some experience had been 

f;^pir<^bly much greater than that measured by. the devia- 
rslngio observations in the above series from the mean. 

^e^s^vhth ii^bf Thus, at 25® the 
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Total ammonia 
in original 
aqueous solution. 
Gram-mol. 
per litre. 

Concentration of 
ammonia in 
chloroform. 

^2* 

Gram per litre. 

Concentration of 

1 ammonia in 
aqueous part. 

Cl. 

Grams per litre. 

Coefficient, 

X 

Mean. 

0*286 

■ 

0-1870 

4-695 

25*1 


0*881 

0-2511 

6-247 

24-9 

24-9 

0*567 

and at 30° : 

0-Slll 

7-667 

24*7 


0*382 

0-2687 

6-246 

23*2 

28-2 

0*478 

0-3376 

7-815 

23*2 


JSocpeo'iments with Gopper Sulphate Solution, 

The requisite volume of normal copper sulphate solution was 
introduced into the separating funnel, and varying volumes of ap- 
proximately normal ammonia solution added j then a volume of water 
so as to make the total addition up to 50 c.c. The distribution- 
coefficient was determined at 20° with the following results ; 


Total ammonia in 
the original solution. 
Gram-moL per litre. 

Concentration in 
OHClg. 

Cg. 

Gram per litre. 

Concentration in 
the aqueous part. 

Cl. 

Grams per litre. 

Coefficient. 

With 0*1 normal : 
0*2403 

0-0470 

3-976 

84*5 

0-2765 

0*0633 

4*693 

72*5 

0*2814 

0-0662 

4-739* 

71*5 

0*3497 

0*1129 

6-858* 

61*9 

0*3635 

0*1162 

6*974 

61-9' 

0*4473 

0*1618 

7*474* 

46*2 

0*4564 

0*1675 

7*456 

44*6 

0*6374 

0*2141 

8*746 

40*9 

0*6608 

0*2314 

9*840* 

40*4 

0*6286 

0*2663 

10*465" , 

39*3 

0*6887 

0*2679 

10*220 

; 38*2 

0*7201 

0*8228 

11*680 

; 36*2 

0*8047 

0*3779 

12*980 

84*3 

With 0*4 normal : 
0*9266 

0*1148 

15*500 

135*1 

1*2302 

0*2961 

1 20*420 


1*5396 

0*4906 

1 25*300 

61-6 


* The ammonia was determined by distillation ; in the other cases by direct 
titration. In the cases marked with an asterisk aUo 50 c.c. of chloroform were 
used, and 40 taken for the titration, otherwise 100 were used and 70 taken. 
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Total ammonia in 
the original solution. 
Gram-mol. per litre. 

Concentration in 
CHClg. 

C2> 

Gram per litre. 

Concentration in 
the aqueous part. 

Grams per litre. 

Coefficient. 

Cji' 

With 0-2 normal ; 
0*4590 

0-0700 

7-695 

109 ‘S . 

0*5609 

0-1168 

9-170 , 

78-5 

0*6403 

0T703 

10-590 

62-2 

. 0*7838 

V 0-2225 

12-080 

54*3 

,0*9165. 

0-3316 

14*980 

45-2 

With 0*06 nonnal ; 




. 0*1741 

0*0566 

2*915 

51*5 

0*2681 

0*1084 

4*369 

40*2 

0*3564 

0*1587 

6*780 

36*4 

0*a575 

0*1610 1 

5-942 

36*9 


Ten c.c. of approximately normal ammonia solution were not suj9S.cieDt 
to precipitate and completely redissolve the copper salt in 5 c.c. of 
normal copper sulphate solution, so that we may safely assume that it 
requires more than 4 molecules of ammonia per molecule of copper 
sulphate to transform the whole of the copper salt into the complex 
compound and at the same time leave no undissolved residue. 

donclusions as to the nature of the compound formed are drawn later 
in the paper — at present we may notice that the above results are 
included in the curves given on p. 1251. 

These results show that the concentration of ammonia in the chloro- 
form depends, not only on the amount of ammonia, but also on the 
concentration of the salt in the aqueous solution. 

The eoefidcient thus obtained gives the iratio of the concentration of 
the totah ammonia in the aqueous part to that in the chloroform. If 
we assume that the salt solution would give the same coefficient as 
pure water provided that no action took place between the salt and 
ammonia, then from the knowledge of the distribution coefficient 
between pure water and chloroform, we may calculate from the con- 
centration in the chloroform the concentration of ammonia in the 
salt solution which is necessary in order that equilibrium may exist 
between the dissolved ammonia in the two media. This latter we 
Baay regard as free ammonia and the difference from the total 


ammonia will give us the fixed ammonia, and knowing the concentra- 
of the salt solution we may further calculate the molecular ratio 
ammonia and salt. 

a pq^bje ed^rimental error of 0*5 unit may be made in the 
ot; the distribution-coefficients, we have considered it 
omhres with the concentration of ammonia in 
fetribution-coefficient as ordinate, and 
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from these curves to calculate the proportion of fixed ammonia at any 
concentration, rather than from each separate experiment. 

Before the results obtained from these curves are given, we proceed 
to show that the same curves are capable of representing the experi- 
mental results arrived at with other salts than copper sulphate. 


Experiments with Copper Chloride. 

A normal solution of this salt was prepared by precipitating a solu- 
tion of 12*488 grams of crystallised copper sulphate with hot caustic 
potash, filtering and washing the copper oxide, and dissolving it in 
hydrochloric acid. The copper chloride solution was evaporated to 
dryness, then dissolved in water and evaporated again to dryness, and 
this was repeated until the residue showed scarcely any acid reaction. 
It was then dissolved in water and made up to 100 c.c. The solution 
so obtained was acid, but it was proved that the error introduced 
on account of ammonia required to neutralise this was negligibly 
small. 

The distribution-coefficient was determined in a tenth normal solu- 
tion at 20° with varying concentration of ammonia with the following 
results : 


Total NHg in 
origiiial solution. 
Oram-mol. per litre. 



Concentration of 
NHg in CHClg. 
Gram per litre. 

Concentration of 
NHg in aqueous 
part. 

Grams per litre. 

Coefficient. 

— 


i 

4-729 

; 71*4 


0-1719 

1 7*821 

1 45*5 

0*6581 

1 0-2884 

I 10-947 

38-0 


If we compare these coefficients with those obtained in deoinoimaal 
copper sulphate solution at corresponding concentrations of ammonia, 
we find that they agree closely and certainly within the experimental 
error. 

Experiments with Zino Sulphate, 

A normal solution of zinc sulphate was prepared by dissolving 14 
grams of the crystallised salt ZnSO^jTHoO in water and making up 
the solution to 100 c.c. To the requisite volume of this solution with 
varying quantities of approximately normal ammonia, water was added 
so as to make the total addition up to 50 c.c. and the coefficient was 
determined with this, when the following results were obtained : 
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Total NEs in 
original solution. 
Gram-mol. per litre. 

Concentration of 
NH 3 in OHCI 3 . 
Gram per litre. 

Concentration of 
NH 8 in aqueous 
part. 

Grams per litre. 

Coefficient. 

With 0*1 normal : 




0*4689 

0-1727 

7-832 

45-2 

0-5449 

0*2204 

8*861 

40*2 

0*5611 

0*2306 

9*349 

40*6 

0*6613 

0-2876 

11*001 

38*2 

With 0'05 normal : 




0*3740 

0*1714 

6*213 

36*4 

0*4634 

0*2260 

7*684 

34*0 

0*5358 

0*2679 

8*610 

32*2 

0*5650 

0*2868 

9*357 

32*6 

0*6295 

0*3230 

10*100 

81*3 

0*6613 

0*3455 

10*883 

31*5 

With 0*025 normal : 
0*3752 

0*2021 

6*205 

30*7 

0*4675 

0*2591 

7*722 

29*8 

0*5593 

0*3165 

9*232 

29*2 


With decinormal and twentieth normal copper sulphate solu- 
tions and the same concentration of ammonia, almost the same 
coefficients were obtained. 


Experiments with Cadmium Iodide^ 

A normal solution was prepared by dissolving 18*3 grams of cad- 
mium iodide in water and making up to 100 c.o. 

As the cadmium hydroxide precipitated by the ammonia is not so 
easily redissolved, only a single experiment was made in decinormal 
solution, using 5 c.c, of the above solution, 40 c.c. of normal ammonia 
and 5 c.e. of water. The result obtained agrees closely with that 
found with decinormal copper sulphate solution, and similar absolute 
concentration of ammonia. 

With twentieth normal cadmium iodide solution, the smallest 
amount of ammonia which would completely precipitate and redissolve 
'5 c.c. of semi-normal cadmium iodide solution was between 25 and 30 
-C.C. of normal ammonia solution. An experiment was made with 25 
<5.c. of normal ammonia, but a decided precipitate remained in the 
^neous part ; with 30 c.c., however, the cadmium hydroxide 
was completely dissolved. We give the result of the experiment 
with 25 c.e. of ammonia, but do not place any reliance on the 
’igiorefl: 
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Total ITH 3 in 
original solution. 
Oram-mol. per litre. 

Concentration of 
NHg in GHCI 3 . 
Gram per litre. 

Concentration of 
NHs in aqueous 
part. 

Grama per litre. 

Coefficient. 

“With 01 normal : 


1 


0*7642 

0-3572 

1 

12*688 

35*5 

With 0*06 normal : 

1 



0*4789 

0*2402 

7*935 

33*0 

0*5712 

0*2906 

9*458 

32*5 

0*6636 

0*3490 

10*979 

31*5 

0*7633 

0*4167 

12*642 

30*3 


^ Experiments have also been made with tenth, twentieth, and 
fortieth normal nickel sulphate solutions, but the separated hydroxide 
requires the addition of considerable quantities of ammonia before a 
clear solution is obtained. Without giving the actual results, we may 
say that they are substantially the same as those obtained with 
similar concentrations of copper and zinc sulphates. 

In order to ascertain whether an increase in the concentration of 
the SO4 ions in the copper sulphate solution had any influence on the 
distribution-coefficient, experiments were made with solutions contain- 
ing a fixed quantity of copper sulphate and (1) varying quantities of 
sodium sulphate and a fixed amount of ammonia, and (2) varying 
quantities of ammonia and a fixed amount of sodium sulphate. In 
the first place, however, the influence of sodium sulphate alone on the 
distribution-coefficient was determined and it was found that even 
with fairly large quantities of sodium sulphate the coefficient was but 
slightly altered, as the following results show. The^same quantity of 
ammonia was added in each case and for comparison the mean value 
obtained for pure water is appended : 


Concentration of 
in aqueous 
part. 

Gram equivalent 
per litre. 

Concentration of 
KH 3 inCHCls. 
Gram per litre. 

Concentration of 
NHg in aqueous 
part. 

Grams per litre. 

Coefficient 

0*4 

0*2979 

7-288 

24*3 

6*2 

0*2886 

7-199 

25*0 

0*1 

0*2836 

7-240 

25*5 

0*0 

— , 

. 

26*3 


The distribution-coefficient obviously decreases gradually as the 
concentration of the sodium salt increases, which would indicate a 
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decrease of the solubility of ammonia in the aqueous solution with 
increasing concentration of sodium sulphate. 

From the experimental material relating to the influence of dis- 
solved electrolytes on the absorption-coefficient of water for nitrous 
oxide and hydrogen, Jahn (Zeit, phyBikal, Chem,^ 1895, 18, 8) has de- 
duced an empirical relationship which may be expressed by the equation 



= const., 


where a is the absorption coefficient of pure water, a that of the 
solution, and m the concentration of the dissolved salt in gram-mol. 
per litre. Although the above values for the distribution-coefficient 
do not differ much from one another, yet in consideration of the 
quantities of decinormal acid used in the titrations (12 c.c. for the 
chloroform, 22 c.c. for the aqueous solution), the numbers are probably 
accurate to 0*5 per cent. It seemed desirable, therefore, to test 
whether this empirical equation is capable of representing the depen- 
dence of the distribution-coefficient of ammonia on the concentration 
of the sodium sulphate in the solution. 

For the three solutions, the following values are obtained : 


Cone, of Na 2 S 04 . 
/ 

a-^a 

7m 


m=0*05. »i=02. 

= 5-8 6'0 5*9 


The expression given by Jahn therefore appears to be capable of 
representing in this case the influence of the dissolved electrolyte on 
the distribution-coefficient of ammonia.* 

The following table contains the results of experiments made with 
decinormal copper sulphate solutions, the concentration of the sodium 
sulphate in the solution varying' from O’l to 0*4 normal, whilst the 
amount of ammonia added was the same throughout : 



^ engaged in carrying out further experiments with a view of 

of dissolved substances on the distribution-coefficient of 
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The presence of considerable quantities of sodium sulphate has, 
therefore, very little effect on the ratio of distribution of ammonia 
between the copper sulphate solution and chloroform. The variation is 
of the same order of magnitude as was obtained in the case of solu- 
tions containing no copper sulphate, as is evident from the following 
comparison : 

~ Diminution of 7 ’ 

C2 C2 

Water 26*3 ! ^ « 

0*4 normal NagSO^ solution 24*3 I 

OT normal CuSO^ solution 44*5 1 

OT normal CuSO^ + 0*4 normal KagSO^ sol. 41 *0 J ’’ 

A similar small influence of the sodium sulphate is observable if 
the concentration of the ammonia is varied as the following table 


indicates, the corresponding values for the same concentrations of 
ammonia without sodium sulphate being added for comparison : 

With 0*1 normal CuSO^ and 0*4 normal NagSO^ : 


Concentration of 
NH 3 in original 
solution. 
Gram -mol. per 
litre. 

Concentration of 
NHa in CHCI 3 . 
Gram per litre. 

Concentration of 
NH 3 in aqueous 
part. 

Grams per litre. 

j Coefficient. 

Coefficient 

without 

Na 2 S 04 . 

0*2774 


4*582 

67*9 

69*8 

0*3678 

0*1243 


48*2 

50*2 

0*4504 

0*1815 

7-447 

41*0 

42*5 


From these data, it is evident that the only influence exerted by the 
sodium sulphate on the distribution of ammonia between copper 
sulphate solution and chloroform is of the same nature and magni- 
tude as the influence exerted on the distribution equilibrium between 
water and chloroform. The sodium sulphate exerts apparently no 
specific action oh the copper salt as regards the formation of the 
complex ammonia compound, although in the above solutions of the 
mixed sulphates the degree of dissociation of the copper sulphate is 
diminished to a very considerable extent. The action of sodium 
STilphate on the ratio of the free and combined ammonia in the copper 
salt solution will be referred to later. 

Two or three determinations were also carried out at 20^ with 
calcium chloride solutions. Whereas the presence of sodium sulphate 
produces an effect such that for a given concentration of ammonia in 
the chloroform the concentration in the aqueous solution as compared 
with that in pure water is diminished, the calcium chloride acts in 
the opposite direction, and must be classed with the salts of copper, 
cadmium, zinc, and nickel. This corresponds with the results arrived 
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at by Konowaloff for tiie partial px-essare of ammonia over solutions 
of calcium chloride. 

The following numbers were obtained : 


Concentration of 
NH 3 in original 
solution. 

Gram-mol. per litre. 


Concentration of 
NHs in CHCIs- 
Gram per litre. 


Concentration of 
NH 3 in aqueous 
part. 

Grams per litre. 


Coefficient. 


With 0*2 normal calcium chloride solution : 


0*S640 

0*2125 

6*002 

28-2 

With 0*1 normal calcium chloride solution : 


0-2652 

1 

0*1585 

4*369 

i 27*6 

0*4884 

1 0*2645 

7*220 

27-8 


If the value of the distribution-coefficient obtained in the first 
experiment be compared with that found with a copper sulphate 
solution of the same strength and with the same concentration of 
ammonia in the'chloroform layer, an enormous difference is observable, 
the two numbers being 56 and 28'2. The amount of ammonia fixed 
by the calcium chloride is, therefore, very small, and if it be assumed 
that an ammonia complex of the same type as that yielded by copper, 
zinc, and cadmium is formed, the calcium-ammonia compound must be 
dissociated to a relatively far greater extent than the other compounds. 


With the results obtained above, mean curves have been drawn, 
showing the dependence of the distribution-coefficient on the 
concentration of the ammonia in the chloroform layer. It has 
been found that one curve will represent the OT normal solu- 
tions of copper sulphate, zinc sulphate, copper chloride, and cadmium 
iodide, and that another curve will represent exactly the results for 
0'05 normal solutions of copper sulphate, zinc sulphate, and cadmium 
iodide. These curves are shown in the figure on p, 1251. The curve is 
^ a mean one, and in the calculation of the amount of fixed ammonia, 
none of the experimental results were used directly. For the purpose 


of calctilation, we have selected points; on the curve representing am- 
,i^mH concentrations corresponding with a certain integral number 
*ac4eeules, of ammonia per molecule of salt in the aqueous solution 

place. Thus, in a decinormal solu- 
.the?* salts used, the concentration of the salt was 0*05 
'the concentrations of 'the ammonia chosen 
■.64(),'' 0*45', and 0*50 molecule, or 
" 1,^1 8*5S5:'grams, per litre, that is,^the 



DUtHhution-cocjffu^rit^ 
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Variation of distrihUion-coeficient with varying co^mTitration of the 
Ammmia, 



Goncentration of Ammonia in the Ohloioform, 
Gram per litre. 
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ratio of salt molecules to ammonia molecules "was 1:5, 1 : 6, 1 : 7, 
1:8, 1:9, 1:10. Now, the concentration of ammonia in the aqueous 
solution is not given by the curve; we had, therefore, to ascertain 
by trial the points on the curve corresponding to^ the special 
concentrations required, the coefficient multiplied by the con- 
centration in chloroform giving the concentration of ammonia in 
the aqueous solution. It is obvious that only a part of the curve 
is of use for calculating accurately the fixed ammonia, If the 
coefficient is too small and near the coefficient for pure water (26*3), 
then, since the difference of these two numbers is a factor in the 
calculation, the error becomes considerable ; on the other hand, when 
the coefficient is too high, this means that the concentration of am- 
monia in the chloroform is too small to permit of its being determined 
with any great degree of accuracy. In our calculations of the fixed 
ammonia, we have remained within such limits that the experimental 
errors do not vitiate our conclusions. 

In the following tables, the last column contains the ratio of the 
number of molecules of ^ fixed ’ ammonia per molecule of salt, the 
second column the ratio of the total number of molecules of ammonia 
per salt molecule. 






Free 
NHs. 
Grams 
per litre. 

Fixed 
NHg. 
Grams 
per litre. 

Fixed 


otrengtn 
of 'NHa in 
aqueous 
part. 


NHs. 
Gram- 
mol. per 
litre. 

Mol. 

ratio. 

SaltrNHg. 

With 0*1 normal solutions : 





0-26 JV 

1 ; 5 

0'06 

71 

4-260 

2*682 

0-167 

1:314 

0*30 

li 6 

0-09 

57 

5130 

2 -763 

0*162 

1:3-24 

0-35 

1 : 7 

01175 

51*2 

6*015 

2*926 

0-171 

1 ; 3-43 

0*40 

1: 8 

0145 

47 

6*815 

8*002 

0*176 

1 : 3-52 

0*45 

1 : 9 

0-175 

44 

7-700 

3*098 

0181 

1 : 3*63 

0*50 

1 :10 

0-205 

42 

8-610 

3*208 

0*188 

1 :3*76 

With 0'06 normal solutions : 

■ 



1 

j 



1; 6 

0-0475 

64*6 

2-593 

1 1-344 

1 0*079 

1:3*16 

0175 


0-0575 

51*7 

2-973 

1*460 

0*086 

1 ;3*44 



0*0725 

47*7 

3-458 

1*651 

0*091 

1 : 3*64 



0-085 

45*0 

3-825 

1*589 

0*093 

1 : 3*72 


BKiiS 

0-1025 

41-7 

4-274 

1*578 

0*092 

1 : 3-68 


1:12 

0-1850 

38*1 ■ 

6-143 

1-593 

0*093 

1:3*72 


1:14 

01650 , 

36*4 

6-006 

1*665 

0*097 

1:3*88 


1 : 16 

0-1825 

351 

6-767 

1*694 

0*099 

1:8^96 



0*225 

34*0 

i 7-660 

1*782 

0*101 

1:4*04 




' ■ ' ■' 

1 
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For completeness, the same tabulation is given for the stronger 
solutions of copper sulphate, which, have been used, the proportions 
of fixed ammonia per molecule of salt being calculated in this ease 
directly from the concentrations of ammonia actually employed in 
the experiments — ^the number of observations not being sufficient for 
tracing a curve. 


Mol. ratio of 
, salt to " 
total NHg. 

Free NH 3 . 1 
Grrams per 
litre. 

Fixed NH 3 . 
Grains per 
litre. 

Fixed NH 3 . 
Gram-mol. 
per litre. 

Mol. ratio. 
Salt: fixed NH 3 . 

With 0*2 normal copper sulphate : 



1:4-51 1 

1*842 

5*853 

0-343 

1:3*43 

1 : 5-37 

3*072 

6*098 

0-357 

1 ; 3*67 

1 : 6*20 

4*479 

6*111 

0*368 

1:3*58 

I :7*08 

5*852 

6*228 

0*366 

1:3*65 

With 0*4 normal copper sulphate : 


« 

1:4*64 

8*019 

12*48 

0*731 

1 : 3'66 

1 ; 5*98 

- 7*787 

; 12*68 

0*740 

1 : 3*70 

1:7'41 

12*900 

12*40 

0*727 

1:3-64 


At all concentrations investigated, the amount of ammonia combined 
with 1 molecule of salt slowly increases as the total concentration of 
the ammonia becomes larger. This increase in the amount of fixed 
ammonia is, however, relatively small, for example, in the case of 
decinormal copper sulphate solution, the further addition of a quantity 
of ammonia equal to that sufficient to conveniently dissolve the 
ori^nally precipitated hydroxide (100 per cent, increase in total 
ammonia) only produces an increase of about 11 per cent, in the 
former. Furthermore, it appears that with increasing concentration 
of the copper sulphate solution the effiect of doubling the total amount 
of ammonia under the same conditions is less, that is, the relative 
increase of the fixed ammonia becomes smaller. 

Another comparison which enables us to get a fuller insight into 
the nature of the equilibrium in the ammoniacal salt solution is that 
of the amount of combined ammonia for the same molecular ratio 
between the salt and the total ammonia at different dilutions. The 
proportion 6 molecules of total ammonia per molecule of salt lies witliin 
the range of the experiments at all the concentrations of copper 
sulphate investigated, and for thi^ res^son hejs been chosen for the 
comparison : 

VOL, LXXVIT, 4 Q 
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Mol, ratio of CUSO 4 to 

Concentration of 

Mol. ratio of CnS 04 to 

total NHg. 

CUSO 4 . 

fixed NHg. 

1:6 

0-06 iV" 

1:8'16 

1:6 

0*1 

l:3-24 

1:6 

0*2 

1:3-68 

1:6 

0*4 

1:3-70 


Dilution of the solution is obviously accompanied by an increase in 
the dissociation of the copper ammonia compound, its influence being 
opposite to that due to an increase in the proportion of ammonia 
relatively to the copper salt. Further dilution is attended by pre- 
cipitation, indicating that as the above dissociation increases the 
solution becomes saturated with regard to one of the dissociation 
products- It is furthur of interest to calculate in the same way the 
amount of fixed ammonia per molecule of salt for the same molecular 
ratio between the total ammonia and copper salt in presence of vary- 
ing quantities of sodium sulphate. In the calculation of the free 
ammonia in the aqueous solution, it is obviously incorrect to use the 
value of the distribution coefficient for pure water and chloroform, 
and the value of the coefficient obtained on p. 1247 for the corresponding 
pure sodium sulphate solution has been employed. 

With 0*1 normal copper sulphate solution ; 


Concentra- 
tion of 

. 

Free NHg. 
Coefficient. Grams per 
litre. 

Fixed NHg. 
Grams per 
litre. 

Fixed NHg. 
Gram-mol, 
per litre. 

MoL ratio of 
0 nS 04 to 
|ix^ NHg. 

OAT 

26*3 4*405 

3*051 

0-1787 

1 ; 3*67 

0*1 

25*5 4*381 

3*056 

0-1790 

1:3*68 

0*2 

25*0 4*415 

8*026 

0-1772 

1:3*54 

0-3 

24*6 4*408 

3*036 

0-1779 

1:3*66 

0*4 j 

24*3 4*410 

3*037 

0-1779 

1 : 3*66 


At all concentrations of sodium sulphate, the proportion of fixed 
ammonia is exactly the same within the limits of experimental error, 
idle deviation from the mean being but 0*5 per cent. 


thus far obtained would indicate that in all the solu- 
investigated, in presence of a considerable excess of ammonia, 
of the salt takes up 4 molecules of ammonia in some way or 
so that the latter can no longer act as free ammonia and 
directly in the equilibrium which is established between 
m the chloroform. As the amount of ammonia 
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decreases with reference to the amount of salt^ or if the ratio of these 
remains constant and the dilation increases, the compound formed in 
solution gradually undergoes dissociation so that the combined am- 
monia per molecule of salt is considerably diminished, the lowest 
ratio obtained in our experiments being 3*16 molecules of ammonia 
per molecule of salt. The assumption of a dissociating compound, 
CuS04,4NIl3,* would agree with this, and with the fact that on addition 
of alcohol to an ammoniacal copper sulphate solution a compound of 
the formula CuS04,4;NH3,H20 is precipitated, although the latter 
observation does not prove that this compound is present in con- 
siderable -quantity, for the addition of alcohol may result in a dis- 
turbance of the conditions of equilibrium, and in the resulting 
alcoholic solution the solubility product of the above compound may 
be small. If we assume, however (as is generally done), that the above 
compound dissociates electrolytically with the formation of CuiNHg 
and SO4 ions, then whether the ammonia in solution is a dissociation 
product of the undissociated salt or of the positive ion, we should 
expect to find that the addition of sodium sulphate would have some 
influence on the equilibrium between the copper salt and the ammonia, 
for application of the law of mass action shows that the concentration 
of the positive ion as well as that of the undissociated complex will 
be altered as a result of the increase in concentration of the SO4 ions. 
Experiment shows, however, that the addition of sodium sulphate 
has no influence on the equilibrium in question, the proportion 
of combined ammonia at the same concentration being the same. 

Results which we have obtained with ammoniacal solutions of copper 
oxide seem to indicate that such a complex can not be exclusively 
formed in the salt solutions. The blue colour of the solution of copper 
oxide in ammonia is apparently the same as that of a solution obtained 
by precipitating a cold solution of a copper salt with ammonia and 
redr^lving in excess, and we should consequently expect that the 
same complex would be present. 

Although in the case of the oxide more ammonia Is required to 
obtain a clear solution containing a given quantity of copper than in 
the case of the salts, the amount of combined ammonia referred to 
one atom of copper is, however, very much smaller in the former case, 
as will be seen from the succeeding details, 

with Copper Oxide^ 

Some copper sulphate was precipitated with alkali and well washed 
by decantation. The copper oxide was then shaken with ammonia 
solution (approximately normal). The amount of copper oxide in the 
solution was determined by evaporating a known volume to dryness, 

4 Q 2 
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of the use of a large excess of ammonia. With regard to the most 
concentrated copper oxide solution (0*08 normal), it should be mentioned 
that this was obtained as the result of an attempt to prepare as strong 
a solution as possible. jFor this purpose, ordinary copper oxide, which 
appears to dissolve somewhat more readily than the precipitated oxide, 
was shaken with fairly strong ammonia (4 normal) for a considerable 
time, and after filtering through asbestos exposed to a current of air as 
before until a precipitate began to be formed. The solution was again 
filtered, the amount of dissolved copper oxide estimated, and a portion 
used at once for the determination of the distribution-coefficient. A 
further precipitation was observed to have taken place from the solu- 
tion after standing 24 hours, although the number of molecules of 
ammonia per molecule of copper oxide in the solution was about 7. A 
solution containing the same amount of copper present as sulphate, on 
the other hand, has no tendency to precipitate if 5 molecules (or even 
Jess) of ammonia are present. 


Mols. total 
NHsper 
moL of CuQ 
in original 
solution. 

Concentra- 
tion of NHo 
in CHCJg. 
Gram per 
litre. 

Concentra- 
tion of N Hg 
in aqueous 
part. 

Grams per 
. litre. 

CoefiScient. 

|. 

Fixed NHg. 
Gram per 
litre. 

Fixed NHg. 
Grain-moL 
per litre. 

Mol. fixed 
NHs per 
mol. of 
OuO. , 

With 0*04 normab copper oxide ; 




9*17 

i 

0-0996 

3*131 

, 

31*4 

0*512 

0*080 

1-50 

6*07 

0-0612 

2*073 

33*9 

0*464 

0-0272 

1-36 

4-22 

0*03979 

1*440 

36 2 

0*394 

0-0231 

1-16 

With 0-02 

25 normal copper oxide : 




24*2 

0-1627 

4*642 

28*55 

0*363 

0*0212 

1*89 

With 0*08 normal copper oxide : 




6-90 

0*1439 1 

4-737 I 

32-8 

0-933 

0-0547 

1-37 


Although the experimental errors in these determinations are 
greater than in the case of the salts, it is evident that we have to deal 
here, as before, with a dissociation phenomenon. The series of ex- 
periments with 0*04- normal copper oxide solutions shows that, by in- 
creasing the concentration of the ammonia, the concentration of the 
complex copper-ammonia compound is also increased, and the experi- 
ment with 0*0225 normal copper oxide shows that in presence of a 






1258 BAWSOlsr AND McCRAE : fHE NAWRE Of METAL- AHMOi^tA 


large excess of ammonia the number of molecules of ammonia com- 
bined per molecule of copper oxide approximates to two. The ^[effect 
of dilution on the proportion of fixed ammonia (the ratio of total 
ammonia to copper oxide remaining constant) cannot be deduced from 
the above numbers, very probably on account of the unavoidable 
errors of experiment. This would, however, appear to be ijie same as 
in the case of the salt solutions, for dEution leads eventually to pre- 
cipitation in each instance. 

We may say that the experimental data point to the formation of a 
dissociating compound of the formula OUO2ITH3 or Cu22srH3.(OH)2, 
which compound is a di-acid base dissociating electrolytically with 
formation of CU2NH3 and OH ions. Whether the ammonia is a dis- 
sociation product of the positive ion or of the undissociated compound 
cannot as yet be definitely answered. 

If we now turn again to the consideration of the equilibrium in 
ammoniacal solutions of copper salts, some light may be thrown on 
the nature of this from the results obtained with copper oxide solu- 
tions. ■ The deep blue colour of the solutions appears to be the same, 
dEution of each solution leads apparently to the precipitation of copper 
hydroxide, and in each case we have a dissociation phenomenon in 
which ammonia is one of the dissociation producbs, the only difference 
being that whereas in presence of a large excess of ammonia 2 mole- 
cules of ammonia become fixed per molecule of copper oxide, in the 
case of the salts for 1 molecule of the latter we have 4 molecules of 
ammonia combined, and further, that in the former case, for the same 
quantity of copper more ammonia is requiied for the coniplete eolntipn 
than in the latter. 

When amnionia is gradually added to a solution of a copper salt 
the following changes probably occur : 

In the first stage, copper hydroxide is precipitated. 

CUSO4 + 2NH3 + 2H2O = {HH4)2S04 + Cu(OH)2 (1). 

The copper hydroxide then dissolves in excess of ammonia with the 
formation of the soluble base Cu2NH3.(OH)2. 

Cu(OH)2-h2NH8:;:iGu2NH3.(OH)2 (2). 


The complex base probably reacts further with the ammonium sul- 
:pi^tethuB; 

(3). 

3X salt GU4HH8.SO4 and the base Cu2N‘H3.(OH)2 probably 
|n.;the amrtoniacal coppm! salt solution. According to 
of dilution would be a progress of the reaction 
^ wot^ result in an increase of the 
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complex base; if equation (2) represents, however, a dissociation 
equilibrium, it is obvious that increasing dilution of the salt solution 
will lead eventually to precipitation of the copper hydroxide. 

The complex oupriammonia salt and the cupriammonia base are 
also probably electrolytically dissociated according to 

Cu4HN3.S0^=i0u4kH3 + S04 (4) 


Ou2NHs.(OH)2:=rOn2NH3 + 2(OH) (5) 

Increase in the concentration of the SO^ ions by the addition of 
sodium sulphate solution would influence the first ionic equilibrium so 
as to produce greater concentration of the undissociated salt, but the 
ammonium sulphate, which is one of the components on the other side 
o t e equilibrium equation (3), is also influenced in the same manner, 
and as a consequence the addition of sodium sulphate may have but 
slight influence on tWs equiUbrium. As regards the molecular species 
ot which the ammonia is a dissociation product, we may suppose that 
these are the ionic complexes CuiNHj and Cu2NHs, dissociating ac- 
cording to the scheme ° ■ 


Cu2KH, 


0U + 21IH, 


( 6 ). 

_ This last equation is really nothing else than equation (2) written 
in lomc knguage, for the hydroxyl ion is common to both sides. 

According to the views brought forward, increasing concentration 
of the ammonia in the ammoniaoal copper oxide solution will result 
nally in the fixing of 2 molecules of ammonia per atom of copper, 

and in the ammoniaoal copper salt solution of 4 molecules of ammonia 
per atom of copper. 

Eeychler s observation that the freezing point of copper sulphate, 
solution IS only lowered to a comparatively small extent by the addi- 
tion of 4 molecules of ammonia per molecule of salt would seem to 
mdieate that the reaction represented by equation (3) has taken place 

r left to right with the formation of 

bu 4 NM 8 .S 04 , for only in this case can the correspondingly gma.li in. 

crease in the number of molecules or ions in the solution be ex- 
plained. 

The fact that addition of alcohol to an ammoniacal copper sulphate 

solution results in the precipitation of CuS 04 , 4 NH:s,H 20 is also cap- 
able of being explained on the above theory. Equation (3) also pos- 
sibly explains the circumstance that, at the same concentration of 
cop^r, less ammonia per atom of copper is required for complete 
solution in the case of the salts than in the case of the solution free 
from an acid radicle. 
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The behaviour of the ammoniacal copper oxide and salt solutions on 
titration with decinormal acid should be noticed. At first deep blue, 
the ammoniacal copper oxide solution gradually becomes paler in 
colour and a precipitate is formed, the disappearance of which occurs 
just when the end point is reached. The acid probably reacts in the 
first place on the free ammonia present in the solution, converting 
this into ammonium ions, and diminishing in this way the product of 
the concentrations of the dissociation products on the left-hand side of 
equation (2), or (with reference to the ions) on the right-hand side of 
equation (6). The consequence of this is further dissociation of the 
complex, and attainment of the limit of solubility of copper hydr- 
oxide which is then precipitated, being afterwards dissolved by the 
last.portions of acid. It appears probable that solutions supersatur- 
ated with regard to copper hydroxide are obtained, and that separa- 
tion only takes place slowly under certain circumstances. As has 
been pointed out, a clear 0*08 normal solution of copper oxide contain- 
ing about 7 molecules of ammonia per molecule of copper oxide gave 
a considerable precipitate on standing for 24 hours. 

Similar phenomena are observed on titrating ammoniacal solutions 
of copper salts, and these can be explained in the same manner as in 
the case of the oxide. In bobh instances, the dilution resulting from 
the addition of the acid solution will aid in the precipitation of the 
copper hydroxide. 


What has been said in regard to the copper sulphate solutions pro- 
bably holds good for the salts of the other metals investigated : coppei^ 
chloride, zinc sulphate, cadmium iodide, and nickel sulphate; It 
has been shown that under the same conditions, and for the con- 
centrations used by us, the number of molecules of ammonia fixed 
per molecule of salt is the same in every case. The fact that in- 
creasing quantities of ammonia are required for the production of 
a clear solution with zinc sulphate, cadmium iodide, and nickel 
sulphate suggests that the dissociation of the complex formed in 
these solutions proceeds to a greater extent than that of the copper 
salt, solution, but the relative solubility of the hydroxides must 
also be taken into account. 


In the, case of ammoniacal solutions of calcium chloride, the much 
smaller quantity of ammonia fixed at corresponding concentrations 
wpidd point to a much higher degree of dissociation of the complex as 
. f^mpaared wi^ those of the above metal salts. The absence of any 
i^ aceotinted for by the much greater solubility of 
hyd^xidest „ It should finally be noted that the values ob- 

molecule of 'salt 'agree;. 
hj Konowaloff ihc, oit) ixom 'deter-' 
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minations of the partial pressure of ammonia over ammoniacal salt 
solutions. 

All the above experiments were carried out at 20°; we have 
also investigated the influence of temperature on the dissociation 
equilibrium in ammoniacal salt solutions. 

Experiments have been made at 25° and at 30° with aino svZ- 
phate solutions, and the results are tabulated below : 

At 25°, A =24*9 (see page 1243) : 


Total NHg in 
original solution. 
Oram-mol. per 
litre. 

Concentration of 
NHa in 

GHCls. 

Gram per litre. 

Concentration of 
NHg in aqueous 
part. 

Grams per litre. 

Coefficient. 

h. 

With 0*1 normal ; 
0*466 

0-1878 

7-761 

41*2 

0-667 

0*3090 

10*910 

35*3 

With 0*05 normal : 
0*468 

0*2499 

7*744 

31*0 

0*562 

0*3061 

9-294 1 

29*7 

0*655 

0*3715 

10*800 

29*1 

With 0*025 normal : 




0*280 

0*1518 

4*629 

30*5 

0*875 

0*2138 

6*181 

28*9 

0*469 

0*2754 

7*7*28 

28*0 

0*566 

0*3450 

9*309 

26*9 

0*652 

'0*4071 

10*723 

26*4 

0*653 

0*4046 

10*746 

26*6 


At 30°, jfc = 23*2 (see page 1243) : 


Total NHs in 
original solution. 
Gram -mol, per 
. litre. 

Concentration of 
NHo in 

CHClg. 

Gram per litre. 

Concentration of 
NHg in aqueous 
part. 

Grams per litre. 

Coefficient. 

k. 

With 0*1 normal : 




0*573 

0*2738 

9*512 

34*7 

0*669 

0*3375 

11*088 

32*8 

0*765 

0*4096 

12-648 

30*9 

With 0*05 normal : 




0*384 

0*2033 

6-342 

31*2 

0*480 

0*2703 

7*925 

29 '3 

0*573 

0*3366 

9*442 

28*1 

With 0*025 normal : 




0*193 

0*1006 

3*183 

31-6 

0*383 

0*2339 

6*309 

27*0 

0*675 

0*3652 

9*446 

25*9 


4 R 
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A comparison of the numbers obtained at these higher tempera- 
tures with those for 20° shows that the nature of the equilibrium in 
solution has undergone no change. The calculation of the quantity 
of fixed ammonia from the above experimental data shows that for 
1 molecule of salt there are from 3 to 4 molecules of ammonia combined. 
As at 20°, also, increasing concentration of ammonia tends to make 
this molecular ratio approximate gradually to the limiting value of 4, 
At corresponding concentrations of salt and ammonia, increase ^: 
temperature is accompanied by a decrease of the distribution-codK** 
cient, as was also found to be the case for pure water. The variation 
is, moreover, of the same relative order of magnitude in the two cases, 
in consequence of which the question as to the influence of tempera- 
ture on the dissociation of the molecular complexes in solution cannot 
be deduced with certainty from the experiments. We hope, how- 
ever, as the result of further investigations, to be able to ascertain 
this influence of temperature. 

Yorkshieb College, 

Leeds. 


CXX . — Action of Alkalis on the Nitro-compounds of the 
Paraffin Series. Part IL Reactions and Constitu- 
tion of Methazonic Acid and the Mode of Formation 
of Isoxazoles. 

By Wyndham B. Bunstan, F.R.S., and Ernest Goulding, B.Sc. 


In 1891 (Trans., 1891, 59, 410), one of us,, in conjunction with Mr. 
T. S. Byihond, gave an account of the action H alkalis on the nitro- 
compounds of the paraffin series. We showed that, in the case of 
nitroethane and primary nitropropane, trimethyl- and triethyl- 
isoxazole respectively are formed. With nitromethane and secondary 
nitropropane no isoxazole is formed, and the reaction appears to 
follow a different course. The mechanism of the change by which the 
isoxazole. is formed from the nitro-compound was at the time not clear, 
and the discussion was therefore postponed. 

In the present paper an account is given of the mode of action of 
alkalis on nitromethane and on secondary nitropropane, whilst what 
we believe to be a satisfactory suggestion as to the probable course of 
the remarkable action of alkalis on the nitroparaffins generally is put 
foa^ward. 

Action of Alkalis on J^itromethane. 


the paper referred to above, it is pointed out that no isoxazole 
iacflated^ f^ the product of the action of aqueous alkalis 
■. • A yVery , 'vigorous . change ..occurs^ the,: mixture 
coloured, and finally almost black. A nitrite is 
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produced, togetlier with mucla cyanide and a considerable quantity of 
resin, and also a compound having acid properties, of which we are 
now able to give a full description. 

Action of Ammonia on Nitromethcme , — The action of ammonia is 
the least vigorous and best adapted for the study of the products of 
the change. When nitromethane stands in contact with strong 
aqueous ammonia for several hours, the liquid becomes dark brown 
and deposits a crystalline substance. The small crystals thus obtained 
are coloured, and very difficult to purify. The following plan has been 
found to answer best. 

Twenty c.e. of nitromethane contained in a small bottle are mixed 
with 8 c.c. of strong aqueous ammonia, and ammonia gas is then passed 
into the mixture until it is completely saturated. The bottle is now 
stoppered and kept at a temperature not exceeding 10° for about a 
day, the crystals which have separated are removed and reduced in 
the moist state to a fine powder. This powder is drained on a porous 
tile and dried by exposure to air. The residual liquid is again 
saturated with ammonia gas and allowed to stand, the crystals being 
then removed,, powdered, and dried as before. This process is repeated 
until the whole of the nitromethane has disappeared. By this 
means 20 c.c. of nitromethane furnish about 12 grams of the crystal- 
line substance. 

By washing with aqueous ammonia the crystals may be obtained 
quite colourless, but this method of purification is very wasteful 
owing to the loss by solubility. The crystals are soluble in methyl 
alcohol, less soluble in ethyl alcohol and nearly insoluble in ether or 
chloroform. When heated, they decompose with production of hydrogen 
cyanide. When ferric chloride is added to an aqueous solution it pro- 
duces a purplish-brown colour' which is discharged by heating or by 
dilute acids. Ammonia is liberated by the action of cold aqueous potash. 
The crystals are therefore evidently the ammonium salt of an acid. 

0*1442 gave 44 c.c. nitrogen at 24° and .764 mm. = 34*3. 

02 H 30 gN 2 *]SfH 4 requires K s=: 34*7 per pent. 

Silver nitrate produces an abundant pale yellow precipitate in an 
aqueous solution. The silver salt thus obtained is purified by washing 
with water and alcohol, after which it is dried by exposure to the air. 
If heated near 100°, it explodes. It is readily dissolved by dilute nitric 
acid or by ammonia. On analysis it furnished the following results : 

0-2630 gave 0-1080 CO 2 and 0*0424 HgO. 0 = 11-2 j H = l-8. 

0-3722 „ 0-1570 COg „ 0*0576 HgO. 0= 11*5 j H = l*7. 

0-1280 „ 15 c.c. moist nitrogen at 19° and 760 mm. 17 = 13-2. 

'0*2266 „ 26 c.c. „ „ at 19° ,, 766 mm. 17=13*2. 

0-2041 „ 0-1373 AgOl, Ag=50-6. ' 

OgHgOgKgAg requires 0 = 11*3 ; H= 1*4 ; 17 = 13*2 ; Ag = 51*l percent. 

4 R 2 



1264 BUKSTAN ANB GOULBING : ACTION OF ALKALIS ON THE 

Mercuric chloride produces in a solution of sodium methazonate a 
yellow precipitate which is chiefly composed of hasiG mereiLric methazon- 
ate. This salt explodes when heated, and is converted by dilute hydro- 
chloric acid into a soluble, crystalline mercuHc methazonate. The lead 
salt is insoluble, and explodes on heating. 

Methazonic Acid. 

The acid is readily isolated from the ammonium salt by mixing a 
strong aqueous solution with the equivalent quantity of dilute sulphuric 
acid and extracting with ether. The ethereal solution is dried with 
calcium chloride and evaporated in a vacuum. By this means an acid 
crystallising in plates is isolated, which very readily changes into a red 
resin. It is best purified by recrystallisation from warm benzene or 
chloroform. The acid may be obtained from the silver salt by the 
same means. It is identical with the methazonic acid briefly described 
by Lecco 1876, 9, 705) as restilting from the action of alcoholic 
soda on nitromethane j little or nothing, however, was recorded as to 
its reactions or constitution. 

Methazonic acid crystallises in colourless plates which are easily 
soluble in water, alcohol, ether, acetone, warm benzene, or chloroform. 
It is strongly acid to litmus and to methyl-orange, and effervesces in 
contact with alkali carbonates. When quite pure, the acid is colour- 
less, but on standing it soon becomes dark red, and in a short time 
almost completely changes into a red resin. It melts between 60° and 
70°, the precise melting point depending on the rate of heating. Dur- 
ing the heating the substance suffers decomposition, becoming at first 
' red ^ as the heating is continued, the colour darkens, and at about 100° 
gas is evolved and water is deposited on the cool parts of the tube. At 
about 110°, the substance suddenly decomposes explosively, evolving 
hydrogen cyanide and some nitrous fumes, a black residue remaining. 

ActioTb of Adds and Alkalis. — Numerous experiments have been 
conducted on the action of acids and alkalis on the acid and its salts. 
The results justify the conclusion that the substance is decomposed, 
by hydrolysis following internal oxidation, into carbon dioxide, hydr- 
oxylamine, and hydrocyanic acid, as shown by the following equation : 

= COg + NHg'OH + HClSr, or diagrammatically, 

(1) HoC-NH 

O I ] = HgO + HClsr + OrCrN-OH, and 

ho*n:o-o 

<2) OIOIN^OH + HgO = COg + NHg-OH. 

The silver salt was boiled with hydrochloric acid (20 per cent.) for 
three hours in a flask with an upright condenser attached to a bottle 
containing soda solution ; in this solution, both carbonate and cyanide 
were found, whilst the residual acid liquid in the flask when 
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evaporated furnislied hydroxylamine hydrochloride together with 
some red resin. The same products, together with a little formic 
acid,^ are obtained by heating the ammonium salt with sulphuric acid 
(50 per cent.). 

0*2272 gram of pure methazonic acid was mixed with concentrated 
hydrochloric acid and boiled for about an hour. The hydroxylamine 
in the residue was estimated by decinormal iodine solution in the 
presence of magnesia. It was proved that 0*0693 gram of hydroxyl- 
amine had been produced, which is aSout'^i^^^ent. of that required 
by the equation given above. 

When heated with aqueous alkalis, methai ’dd is decomposed 
furnishing hydroxylamine, carbonate, and cy^ 'If the heating 

is continued, nitrate and ammonia are also iuced from the 

decomposition of the hydroxylamine, 

0*1549 gram of the pure acid dissolved in water (free from carbon 
dioxide) was mixed with baryta water and the mixture heated in a 
sealed tube for four hours at 100° j the precipitate of barium 
carbonate was washed from the tube, converted into sulphate and 
weighed. 

0*332 gram of barium sulphate was obtained, equivalent to 0*0627 
gram of carbon dioxide, which is 95*7 per cent, of that required by 
the equation given above. It is therefore clear that alkalis and acids 
produce similar changes in the compound. 

Oxidation and Reducticm , — On oxidation with permanganate in 
either acid or alkaline solution, the same f products were invariably 
obtained, namely carbon dioxide, hydrogen cyanide, and nitric acid. 
The same result ensues when chromic acid or hydrogen peroxide is 
used as the oxidising agent. Many experiments have been made on 
the slow reduction of methazonic acid in the hope of obtaining a 
definite nearly related reduction product. Sodium amalgam, sodium 
in moist ethereal solution, zinc-dust and water, zinc and tin with 
dilute hydrochloric acid, as well as other reducing agents have been 
tried. In every case the same products were obtained, namely, 
ammonia and formic acid together with more or less resin, "Ho trace 
of either ethylenediamine or methylamine could be found. It 
therefore seems probable that hydrolysis preceded, or accompanied, 
reduction in all these cases. 

Red Resin . — ^The red resin which is so readily formed from 
methazonic acid is apparently very closely related to it in constitution, 
since it furnishes the same products on hydrolysis, reduction, and 
oxidation. It is probably a condensation product formed by the 
elimination of water or possibly a polymeride. 

Action of Alkyl Iodides on Silver Methazonate , — When ethyl or 
methyl iodide is added to silver methazonate suspended in ether, 
reaction slowly occurs with separation of silver iodide. On filtering 
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and evaporating the solution in a vacuous desiccator a reddish-brown 
resin is obtained in which long, needle-shaped crystals are imbedded. 
The crystals may be extracted by warm benzene and obtained from 
this solution almost colourless. The yield, however, is extremely small, 
and it appears that the alkyl salts, C 2 H 3 (GH 3 ) 03 N 2 ,C 2 Hg(G 2 Hg) 03 N 2 , 
of methazonic acid are even more unstable than the acid itself, readily 
changing into resinous products. 

Gonstitvition of Metimzonic Acid, — Leceo has suggested that meth- 
azonic acid is an j, formed from two molecules 

I GJd2*-*^G 

of nitromethane.^ ormula is, however, clearly inadmissible. 

The reactions ’ acid described above lead to the conclusion 

that the constiW ->f methazonic acid is represented by the follow- 

ing formula, , which satisfactorily explains the formation 


ing formula, , which satisfactorily explains the forms 

O 

of the products obtained by hydrolysis, reduction, and oxidation. 


Action of Alkalis on Secondary Nitropropane. 

Secondary nitropropane is much less readily attacked by alkalis 
than the primary nitro-compound. On heating with excess of aqueous 
soda in a closed tube for two hours at 115°, the liquid still contained 
some unaltered nitropropane. The products of the action are acetoney 
nitrous acid, and hydroQoylamine, together with a small quantity of 
hydrogen cyanide. If the liquid is acidified, is 

obtained, owing, no doubt, to the action of nitrous acid on the un- 
changed nitro-compound. As stated in the paper already referred to, 
no isoxazole is formed by the action of alkalis on secondary nitro- 
compounds. 


Mechanism of the Action of Alkalis on Nitroparafins, 

In the previous paper (Zoc. cit,) it was pointed out that the remarkable 
action of alkalis on nitroparaffins cannot be satisfactorily explained 
if the usual formula for nitroethane be rigidly adhered to,’^ but that an 
explanation could be found if the tautomeric formula, containing a 
hydroxyl group, were employed. 

Since this was Written, ISTef {Annalen^ 1894, 280, 263) has published 
an important paper on the constitution of the salts of nitroparaffins, 
m wMch he supposes that their reactions can only be explained by 
adopl^g the view that the metal takes the place of the hydrogen of 
s; thi* hydroxyl group attached to nitrogen in the tautomeric formula 

sodium ■ nitroethane the^ formula 
sodium salt of secondary 




KITRO-GOMPOTJNDS OB' THE PARAJ^FIN SERIES. PART II. 1267’ 

The experimental evidence which Nef has brought forward in sup- 
port of the tautomeric formula for the salts of nitroparaffins appears 
to us to be very strong, and his view seems to be much more in accord- 
ance with the facts than the assumption of V. Meyer that the metal is 
joined to the carbon owing to the induence exercised by the negative 
nitro-group on the hydrogen which is united to the same carbon atom. 

The evidence for Nef’s formula may be summarised as follows ; 

(i) *TChen the cold aqueous solutiqs_of of a nitroparaffin is 

decomposed with cold dilute acids the nit. ^ is regenerated to a 
very small extent, the greater part of it bei ^posed into nitrous 

oxide and an aldehyde (from primary comp, ketone (from 

the secondary compounds) in accordance with . ving equations : 

1 . 2Il'-OH:NO‘01Ta + 2HC1 - 2It'*CHO + A 2Na01. 

2. 2R'2C:i^0*0Na + 2H01-2R'2C0 + N-20-f-H20 + 2NaCL ' 

This mode of decomposition indicates that the salts have not the 
same constitution as the original nitro-compounds, for if this were the 
case, on the addition of acid they would be completely reconverted into 
them. 

Nef found that the sodium salt of nitroethane is almost quantita- 
tively decomposed by dilute sulphuric acid in accordance with the 
above equation. This renders it probable that the first product of 
the action of the dilute acid on sodium nitroethane is the tautomeride, 
GHg'OHINO’OH, which then undergoes intramolecular oxidation 

thus 20H8-OH:NO-OH = 2CH3-OHO + + H^O). 

The sodium salts of nitromethane and secondary nitropropane 
behave in a precisely similar manner. Moreover, when the mercuric 
chloride derivative of nitroethane, C 2 H 4 (Hg 01 )N 02 , is mixed with 
hydrochloric acid, nitrous oxide and acetaldehyde are produced, but no 
nitroethane, 

(ii) If aqueous mercuric chloride is added to an aqueous solution of 
sodium nitromethane, mercuric fulminate is formed. 

Nef has suggested that mercuric nitromethane is first produced and 
by^intramolecular oxidation loses water, passing into mercuriefulminate, 

OH2:|^-Ohg -CrN-Ohg-hHsO (hg^JHg). 

o 

Nef has adduced additional facts in support of this constitution of 
the f xdminate, in particular the production of monochloroformoxime by 
the action of dilute hydrochloric acid, whilst more recently Scholl (.5cr., 
1899, 32, 3492) has confirmed this formula by showing that benz- 
aldehyde is produced by the action of mercuric fulminate on benzene 
in the presence of aluminium chloride. ; v ; - . 

(iii) By the action of methyl iodide on the silver salt of diniteiethan^; 
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formaldehyde and ethylnitrolic acid are produced. This is most 
simply explained by supposing that the methyl ^ther of dinitro- 
ethane is fii’st formed and then undergoes intramolecular oxidation. 


OH3-C=rK-OCH3 
NO3 O 


CHg-CrN-OH + CHgO. 


By the same supposition, the action of ethyl iodide on silver 
dinitroethaneforming^ofttjiijf^yde and ethylnitrolic acid may be ex- 
plained. 

Although Yicto^jlir 1895, 28, 202) . still maintained the 

correctness of '^§0^ a for the metallic derivatives of the nitro- 
parafl^ns, it mv. vimitted that all the experimental evidence 

produced by IST ^ strongly supports the alternative contention 

that these compo. ds should be regarded as derivatives of the 
tautomerides of the n^roparaflSins. 

We are therefore justified in assuming the correctness of this 
tautomeric formula in discussing the mechanism of the remarkable 
reactions of alkalis and nitroparaffins first described by one of us in 
1891. 

It has been shown that when nitroethane is warmed with aqueous 
alkali, trimethylisoxazole, acetonitrile, and nitrous acid are formed in 
the proportions given by the equation 

NOg = CeHgOK + CHa* ON + 2 HNO 2 + 

Bepresenting the sodium salt of nitroethane by the formula 
CHg-OHIN-Om, 

y the existence of oxygen doubly linked to nitrogen 
enables the compound to act as a powerful oxidising agent. 


CHg-CHIlT-ONa 

iO”: iO 


CHg'C 

CH^-C 


N-ONa -CH,-CH:iSr-ONa +2Na]sr0g + Ho0 + 20H,*a 


]^*ONa 

O 


The sodium derivative of acetaldoxime is thus formed, together 
with sodium nitrite and a residue (0H3*0)2. Sodium acetaldoxime 
dissociates in the presence of water and the oxime tends to change 
into its tautomeric form, OHg* CH-N H, 

,, / GHg-CH'.N-ONa + = OH.- OH-NH + NaOH, 


joins itself on io the CH^-O residues, forming trimethyl- 
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I o . 

0Hs-0=:6-CHs 

which, in the presence of unaltered sodium nitroethane, is immediately 
oxidised, forming trimethylisoxazole and acetaldoxime. 


OH3-C=0-OH3 
CH.-CH 0 


\/ 

NH 


+ OH3-CH::^‘ONa = 

o 


OH. 

OH 


•c o 

' 

N 


OH, 


8 + OHs-OH-NH + ITaOH. 


The dehydration of this acetaldoxime accounts for the production of 
the acetonitrile, 

CHg-CH-NH-HgO = CHg-CN. 

8 Thus, starting with the tautomeric formula of nitroethane, we can 
at any rate now understand how the remarkable reaction described in 
the former paper may take place. The phases of the action may be 
summarised thus ; 


1. SOHj-OH.’g-ONa ^ C6Hii0H + 2NaN02 + Na0H. 

2. = OHg-OHIN-OH + GeHsON + NaOH. 

3. CHs-CH:N-OH = OHg-ON + HaO, 
or in one equation, 

40Hj-0H:g-02>ra ^ + OHg-ON + 2 NaN 03 + 2NaOH + HgO, 

which agrees precisely with that given in the previous paper as the 
result of experiment. 

With nitromethane the result is very different, the action of alkalis 
producing no isoxazole, but instead methazonic acid. The formation 
of this compound can, however, fee understood if the tautomeric for- 
mula is adopted. The sodium salt of nitromethane being H^OINO'OHa, 
in aqueous solution it would react by intermolecular oxidation 
according to the following scheme ; 

H2C:|T*OHa 

Ol « HgCrH-ONa + HgO + ICIN-OHa. 

0 
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The sodium salt of formaldoxime thus generated will be dissociated 


into the tautomeric form of the oxime, 


HgO-KH, 

"^0 


which, condensing 


with the. nitromethane residue, will form the sodium salt of methazonic 
acid, 

m :c:N-ONa HgC — nh 

+ 0 "" O ’ 

o 


HgO 




The different behaviour of the sodium salt of secondary nitres 
propane furnishing acetone, nitrite, and hydroxy lamine when acted on 
by alkalis may be explained by its greater stability owing to the 
absence of the OH or CHg group which makes it less susceptible of 
intermolecular oxidation. 

It is probable that the decomposition takes place by hydrolysis, 
(CH3)2C:br-OH + HgO - (CH3)2C0 + HglN-OH 

O O’ 


the “ oxy-hydroxy lamine ” undergoing immediate decomposition with 
the production of hydroxy lamine and nitrous acid, 

Hglljf-OH 

R5‘l0 . - H^F-OH + HNOg + H^O. 

iHgiF-OH 

Tlie Meduction of Wi^'opamjlns and thew Salts, 

In the foregoing discussion, the reduction of the metallic derivatives 
of nitro-compounds to those of oximes is assumed to be possible. It 
has been previously stated (Dunstanand Pymond, Proa, 1894, 10, 139) 
that by the reduction of the nitroparaffins under certain conditions, 
the corresponding aldoximes and ketoximes are apparently produced, 
and it was suggested that these may possibly be intermediate products 
between the nitro-compounds and the substituted hydroxy lamines, the 
formation of which has been observed by Y. Meyer, Bamberger, and 
others. 

In order to further elucidate this question, we have carried out a 
number of experiments on the reduction of the oximes, but in no case 
i^s the formation of any substituted hydroxy lamine been observed. 
It iiherefore appears, probablej that the substituted by droxylamines 
obtained by the reduction of nitro-compounds are not derived from . 
previously formed oximes, and, moreover, our results seem to indicate 
the oximes and hydroxylamines are not produced together, but 
esich s^airately aasd under different eouditions. The nitro-compounds 
^^leniselves (apeduefeibn in acid or neutral solution) yield the hydroxyl- 
whilst their salts (reduction in alkaline solution) furnish the 
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oximes (or their reduction products). This may be readily demonstrated 
by warming a few drops of nitroethane with either zinc dust and 
dilute acid or with zinc dust and water. After a minute or two the 
solution when dltered is found to reduce Fehling’s solution power- 
fully in the cold, owing to the action of /3-ethylhydroxylamine. On the 
other hand, if nitroethane is dissolved in solution of caustic soda and 
reduced with zinc dust, the filtered liquid has no reducing property. 

These, results are in accordance with the view that the salts 
of the nitroparaffins possess a different configuration from that 
of the nitrq-eompounds themselves. The first stage of the reduction 
of the nitroparaffins and of their salts may therefore be expressed 
by the following equations : 

{j8-Hydroxylamine. ) 

E'-OH:]!!r-OM'+H2 - r'-ch:n*oh-hM'oh. 

O (Oxime.) 

Since the suggestion above mentioned was published, two cases 
have been recorded in which nitro-compounds have been directly 
reduced to the corresponding oximes. Hantzsch and Schultze {Ber., 
1896, 29, 2252) have shown that phenylnitromethane, when reduced 
in alkaline solution with zinc dust or sodium amalgam, yields syn-henz- 
aldoxime. Bamberger and Weiler (/. pr. CJiem., 1898, ii, 58, 333) 
obtained 2-amino-3 : 5-dimethylbenzaldoxime by reducing 2-nitro-3 : 5- 
dimethylphenylnitromethane (<i)-2-dinitromesitylene) by means of 
sodium amalgam. It is noteworthy that in each case the reduction is 
effected in an alkaline solution. 

SoiENTiFio Department, 

Imperial Institute, S.W. 


CXXI — Amount of Chlorine in Rain»Water collected 
at Cirencester, 

By Edward Kinch, Royal Agricultural College, Cirencester. 

The determination of chlorine in rain-water collected in the rain-gauge 
of the Meteorological Station at the Royal Agricultural College was 
commenced in 1870 and has been continued to the present time. 
Results of the determinations in the mixed rain-waters of each six 
months — October to March and April to September inclusive — up to 
September 30th, 1886, have been published (Trans., 1887, 51, 92). 
Results from October 1st, 1886, up to September 30fch, 1900, are given 
below, together with some averages ; 
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Period, six moatlis 
ending 

Rainfall in 
inches. 

Chlorine 
parts per 
million. 

Equivalent 
to NaCl, 
grains per 
gallon. 

Equivalent 
to NaCl, 
lbs. per 
acre. 

1887. March 81st 

15-62 

9-69 

1-106 

65-83 

September 30th 

9-51 

2-69 ' 

0-310 

9*53 

1888. March 31st 

13*06 

3*69 

0*414 

17*48 

September 30th 

14-78 

2-90 

0-335 

16-97 , 

1889, March 31st 

15*13 

8-40 

0-392 • 

19*17 

September 30th 

15-62 

i 2-08 

j 0-240 

12-03 

1890. March Sist. 

10-16 

[ 2*60 

0-300 

9*85 

September 30th. ...... 

12-87 

1 1-68 

' 0*176 

7*34 

1891. March 31st 

9-39 

1 1-82 

0-210 

6*38 

September 30th 

17-79 

1-15 

0-132 

7-60 

1892. March 31st 

17-38 

3-50 

0*404 

22*69 

September 30th. ... ... 

13-73 

2-10 

0*242 

10-74 

1893. March 31st 

11-80 

2-89 

0*383 

12-70 

September 30th 

8*35 

8-47 

0-401 

10-80 

1894. March 31st 

14-29 

3-67 

0*424 

19*55 

September 80th 

15-17 

1-70 

0T96 

9*61 

1895. March 31st 

18-06 

2-29 

0*265 

15*45 

September 30th 

10-85 

1*94 

0-225 

7-84 

1896. March Slat 

13*61 

3*30 

0-380 

16*73 

September 30th 

12-48 

3-26 

0'376 

15*12 

1897. March 31st 

16-74 

2*93 

0-337 

18*11 

September 30tb 

16-35 

2-10 

0-243 

12-77 

1898. March Slst ............ 

9-43 

3-36 

0-388 

11*75 

September 80th. ...... 

10-60 

1 2-08 

0*239 ^ 

8*08 

1899. March 31st . 

16-72 

3-64 

0-419 

22-67 

September 30th 

11-52 

2-27 

0*263 

9-72 

1900. March 31st 

18-32 

8-34 

0*385 

22-62 

September 30tb I 

9-47 ^ 

2-41 1 

0-278 

8*62 

Mean of 14 winter periods 
to March, 1900 

14-26 

3-66 

0*412 

19*35 

Mean of 14 summer periods 
to September, 1900 

12-78 

2-27 

0-261 

10-40 

Yearly average of 14 years 
to September, 1900 

27-04 

2-91 

0-337 

29-76 

Mean of 26 winter periods 
to March, 1900 

15-83 

3-76 

0*435 

21*29 

Mean of 26 summer periods 
to September, 1900 

14-78 

2-68 

0*302 

14-81 

Yearly average of 26 years, 
October 1st, 1874, to 
September 30tb, 1900 ... 

80-61 

3-17 

0*369 

36-10 


The restilts in the first years were more irregular than later on, 
partly because the method of determination of chlorine is improved, so 
in the final averages only the last 26 years have been tahen, 

- It will be seen that the total deposit of chlorides is distinctly 
in Ihe winter mont^^ the summer months, this being 

l^gely dependent on the prevalence of S.W. gales from the Bristol 
' Jor esAmple, the r^nfall for the week ending December 
during which S.W/ gales prevailed, was 1*27 inches, and 
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contained chlorine 8*5 per million, Bain falling during a storm from 
S.W. by W. on January 16th, 1899, contained chlorine 44*79 parts 
per million, equivalent to 5*166 grains of salt per gallon. Other 
examples were given in the previous report. 

Taking all the chlorides as being in the form of sodium chloride, 
the yearly average deposit of common salt per acre for the past 26 
years has been 36 lbs., and for the past 14 years it has been nearly 
30 lbs. 

Gr, Bellucci {Staz. Sjper. agra/r, 1888, 21, 255) made monthly 
determinations of the chlorides in the rain-water falling at Perugia, 
about 75 miles from the sea and 412 metres above sea-level, for 10 
months in 1886, and 12 months in 1887. For 1887, the total deposit 
was equivalent to 37*8 lbs. of salt per acre. G-enerally, there was 
rather more in the winter than in the summer months, although the 
largest amount in 1887 was collected in May. 

N. Passerini {BoL Scuola Agr, Scandicciy 1893, 12) made determina- 
tions of the chlorides in the rain-water near Florence, about 47 miles 
from the sea on one side and 67 miles on the other, during 1890 and 
1891, The chlorine per million varied from 0*168 to 24*177 on 
different occasions. In 1890, the average was 6*7 per million, and in 
1891, 3*7 per million. 

J. B. Harrison (Beports of the Agricultural Work in the Botanic 
Gardens, Demerara) has determined the chlorine in the rain-water 
collected at the Botanic Gardens, Georgetown, Demerara, for some 
years. The average rainfall for the six years 1890 — 1895 inclusive was 
111 inches, the mean annual amount of chlorine 4*69 parts per mil- 
lion, and the average amount of common salt deposited per acre 
186 lbs. 


GXKll.—Hexachlorides of Benzonitrile, Benzamide^ and 

Benzoic Acid. 

By Francis Edwabb Matthews. 

Benzonitrile combines dii'ectly with chlorine to form a hexachloride, 
but, unlike benzene and monochlorobenzene hexachlorides the pro- 
duct appears to be formed in one modification only. The hexachloride 
obtained, however, is a very interesting substance, and taking it as a 
starting point for further work, some very unexpected results have 
been obtained. 

The method of preparing the hexachloride is as follows, A con- 
siderable amount of benzonitrile (of late one pound has been taken at 
once) is placed in a large flask and covered with water. Chlorine is 
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then passed into the mixture to saturation and the flask is placed in 
a good light or even exposed to direct sunlight till all free chlorine 
has disappeared. The mixture loses its yellow colour in a few hours 
in summer and in from two to three days in winter, but if allowed to 
stand longer, it again gradually assumes a yellowish tint, apparently 
with the formation of a larger quantity of uncrystallisable substance. 

The amount of hydrogen chloride produced is inconsiderable. The 
saturation with chlorine is repeated four or five times, and after each 
saturation the colour of the chlorine takes noticeably longer to 
disappear. 

The mixture is now subjected to steam distillation till no more 
benzonitrile comes over, a thick, heavy, yellowish oil remains behind 
which on cooling becomes semi-solid. This is transferred to a beaker, 
heated to about .60°, and treated with about twice its volume of cold 
glacial acetic acid ; the oil at once goes into solution on stirring, but 
almost immediately the solution begins to deposit small crystals, and 
after standing for twelve hours a large crop is obtained. 

The crystals are collected, well drained by means of the pump, and 
recrystallised from the smallest possible quantity of boiling glacial 
acetic acid, when large, transparent, colourless crystals are obtained, 
which are pure enough for most purposes, although they are still 
slightly sticky from the presence of a small quantity of some im- 
purity, probably a chlorine substitution-product of benzonitrile, which 
is very difficult to remove by any other solvent than acetic acid. One 
or two further recrystallisations from almost any organic solvent will 
yield the substance in a state of purity. 

Chlorine determinations were made with both the crude and pure 
substance. 

Crude substance 0*1700 gave 0'4575 AgCl. Cl — 66*58. 

Pure substance 0*1572 „ 0*4282 AgCL 01 = 67*30. 

O^HgNClg requires 01 = 67*40 per cent. 

Benzonitrile hexachloride when crystallised from glacial acetic acid 
forms what appear to be rhombic prisms. It melts perfectly sharply and 
without decomposition to a colourless liquid at 157°, but on strongly 
heating it above its melting point, decomposes, evolving torrents of 
hydrogen chloride and leaving a residue of trichlorobenzonitrile. It 
dissolves readily in all the ordinary organic solvents, from any of 
. ’’j^ch it may be recrystallised. It is only very slightly volatile with 

It shows great stability towards aqueous acids, and is not affected 
^fc starong hydrochloric acid at 200° or by boiling dilute sulphuric acid, 
aSEsid in acetic acid solution is without action on it. Alcoholic 
decomposes it in two stages ; on gently warming the 
usual action of alkalis on hexachlorides takes place, with 
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the removal of three molecular proportions of hydrogen chloride, 
thus : 

The chlorine removed from 0*2406 gram of the nitrile by decompo- 
sition with sodium hydroxide gave 0*3263 gram AgCL Found 
01 = 33*56 per c^t., the calculated amount being 33*70 per cent. 

On further boiling with alkali, the cyano-group undergoes hydrolysis, 
and a mixture of trichlorobenzoic acids is formed. 

On heating the nitrile with ordinary strong sulphuric acid to 
170 — 180°, the substance first melts and then dissolves with practi- 
cally no evolution of hydrogen chloride. On cooling the solution, no 
crystallisation takes place, but upon pouring into cold water, each 
drop of the acid solution becomes instantly covered with a solid coat- 
ing, like the shell of an egg, which gradually thickens until all the 
substance is precipitated. 

The substance produced in this manner proves to be a hexachloride 
of benzamide, OQHgOlg'CO'N'Hg. The same change is brought about 
by long-continued boiling with 50 per cent, sulphuric acid. 

This hydration, in the presence of str-ong sulphuric acid at a tem- 
perature of 170 — 180°, seemed so remarkable that the experiment was 
repeated many times, but invariably with the result that the nitrile is 
almost quantitatively converted into the corresponding amide. A 
given weight of the nitrile always yields rather more than an equal 
weight of the amide, and no other products have been detected as the 
result of the reaction. 

The substance (i. crude ; ii. recrystallised from 50 per cent, acetic 
acid) gave the following results on analysis : 

i. 0*1538 gave 0*4019 AgOl. 01 = 64*65. 

ii. 0*1280 „ 0*3292 AgOl. 01 = 63*62. 

ii. 0*3010 „ 0*2840 COg and 0*0648 HgO, 0 = 25*40 ; H = 2*39 
C^H^OI^Ole requires 0 = 25*15 ; H = 2*10 ; 01 = 63*77 per cent. 

Benzamide hexachloride is a colourless substance slightly soluble in 
hot water, but almost insoluble in cold. It is readily dissolved by 
most organic solvents, and crystallises well from aqueous acetic acid 
(about 70 per cent.) in beautiful, colourless prisms. If these crystals 
are exposed to the temperature of the water-oven, they break up into 
a fine, white powder without undergoing decomposition or losing weight 
appreciably. The substance melts perfectly sharply at 187 — 188*^ 
without decomposition. On boiling with alcoholic soda solution, it 
first loses three molecular proportions of hydrogen chloride, and finally 
the amido-group undergoes hydrolysis, and a mixture of the sodium 
salts of trichlorobenzoic acids is obtained. 

Quinoline likewise removes three molecular proportions of hydrogen 
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chloride from the substance on heating, but here again the prodiiclj- 
is a mixture, although one modification of trichlorobenzamide is pro- 
duced in much greater quantity than its isomerides. 

The conversion of an amide into the corresponding acid is usually 
an easy matter, but in the present case considerable difficulty was ex- 
perienced before the desired result was obtained. Alkaline hydrolysis 
was precluded owing to the instability of the group C^HgClg towards 
alkalis, and sulphuric and hydrochloric acids of different strengths and 
at various temperatures did not give the wished-for product. 

The formation of benzoic acid hexachloride was at length found to 
take place by the action of fuming nitric acid on the amide, and, 
moreover, the yield appears to be quantitative according to the 
equation, 

OeHsCle-CO-NHg + HlSTOg = OgHgOle-COgH + ITgO + H^O. 

The amide, when treated in portions up to 10 grams at a time with 
5 — 6 times its bulk of fuming nitric acid, at once dissolves 
with evolution of heat, and the solution effervesces ; very soon a new 
substance begins to crystallise out, and the reaction may be completed 
by gently warming the solution. When all evolution of gas has 
ceased, the mixture is cooled and poured into cold water ; the precipitated 
acid is then collected, washed free from nitric acid with cold water, 
and placed on a porous plate to dry (it must not be dried by heat- 
ing, as it is decomposed by hot water). When thoroughly dry, it can be 
recrystallised from benzene without undergoing any decomposition. 

On analysis, the acid gave the following figures : 

0*2443 gave 0*2263 00 ^ and 0*0435 HgO. 0 25*26; 1*97. 

0*2276 „ 0*6866 AgCl. a = 63*76. 

Ci^HgOgClg requires 01 = 63*58; 0 = 25*07 ; H = 1*79 per cent. 

The examination of the properties of this new acid is not yet com- 
plete, but a barium salt has been obtained and analysed. The most 
striking property appears to be the decomposition it undergoes on 
boiling with water. Decomposition takes place quantitatively accord- 
ing to the equation, a chlorobenzene tetrachloride being formed, 

OeHsCle-OO^H = + 00^ + HCl. 

Work upon this acid and .upon the monoohlorobenzene tetrachloride 
is being continued. 

The Eotal Indian iNoiNEEKiNa College, 

CoopEKS Hill, Staines. 





1277 


NILSON MBMOBIAL LBOTUBB. 

(Delivered on July 5th. 1900.) 

By Otto Pettersson, Professor of Ohemistry in the University 
of Stockholm, 

Lars Fredrik Nilson, born in Ostergothland in 1840, received his 
education at the high school of Wisby, on the island of Gothland, 
where his father possessed a large farm, Bosendal. The beautiful 
scenery and luxuriant vegetation of the sunny island in the Baltic, as 
well as the historical traditions attaching to its grand mediseval 
monuments now in ruins, left an impression upon the boy^s mind 
never forgotten in after life. It ;is, in fact, impossible to understand 
the character and life-work of Nilson without taking into account his 
ardent attachment to the island where his youth was spent. As a 
chemist, he devoted himself with predilection to such investigations 
as had a bearing upon the development of the great but neglected 
agricultural resources of Gothland, I shall have more to say of this 
later ^ suffice it here to mention that the sugar industry, now so 
flourishing, and the cultiyation of the sugar beet on that island were 
introduced on his initiative; . Still Nilson had no leaning towards 
commerce ; like the true man of science he was, he contented himself 
with being the adviser and promoter of economic progress. Although 
his occupations in Stockholm only allowed him time to make a short 
visit yearly to Gothland, yet he retained until the end of his life the 
management of a little farm there, which was his inheritance or pat- 
rimony, his part of the ancestral soil. 

In 1869, at the age of 19, Nilson became a student at Upsala, his 
studies being directed towards biological science, especially zoology and 
geology, for which he obtained high marks in the examinations. Al- 
though his mxneraiogical study compelled him to acquire some knowledge 
of chemistry, he seemed at that time to entertain no special predilec- 
tion for it. This work, however, brought him into personal contact 
with the director of the chemical laboratory of the tJniversity, tars 
Fredrik Svanberg, whose Well-known research upon molybdenum was 
carried out in conjunction with Struve in 1848 in Berzelius* labora- 
tory in Stockholm. Svanberg had been a military engineer until 
Berzelius, who recognised his great ability as a mineralogist and bis 
extraordinary analyticah skill, offered him a place in his laboratory. 
Their acquaintance soon deepened into a lasting friendship, and greatly 
did the old master of science need the support of his strong-minded 
friend in the last critical years of his life, when his system of chemis- 
VOL. bXXVII. ^ « 
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try, once so firmly established, seemed to be on the point of giving way, 
attacked as it was from all sides by the advocates of the metaleptic 
and type theories. 

After Berzelius^ death, Svanberg, was nominated Professor of chem- 
istry in Upsala (1853), and entrusted with the task of erecting a new 
institution with laboratories for chemistry, mineralogy, and physios. 
His aim was to raise the study of chemistry at the University, which 
had flourished under Torbern Bergman, but during the succeeding 
sixty years had become utterly neglected. This was not easy to 
accomplish, although Svanberg in many respects possessed excellent 
qualifications for it ; he had an ardent and unselSsh devotion to his 
science, he owned the greatest collection of chemical literature ever 
possessed by a private person in Sweden, and his phenomenal memory 
embraced the entire development of chemical science from the 
first beginning of a rational theory until the time of Berzelius^ death. 
Bearer of the great traditions of the Berzelian era, he, however, had 
not the power of carrying to victory the ideas which he had defended 
in company with his illustrious friend. 

The question pending at that time was the constitution of the or- 
ganic bases and acids. Berzelius and Svanberg interpreted both as 
combinations of an inorganic base or acid with an organic compound, 
which played the part of ^ copula.^ Examples of such coupled com- 
binations were to be found also in inorganic chemistry. The first 
ammoniacal platinum base discovered by Magnus was platinous chloride 
coupled, with ammonia.* Ethylamine, in the words of Berzelius, was 

mit setheren gepaartes Ammoniak.'’t In close analogy to hydrofiuo- 
silicic acid, which was interpreted as hydrofluoric acid coupled with 
silicon fluoride, 2 HE,SiP 4 ,t acetic acid was regarded as a copula of 
oxalic acid with ethane, trichloroacetic acid, a copula of oxalic acid with 
carbon sesquichloride, &c. 

It seemed, in fact, to be a desperate position to uphold the appar- 
ently extravagant formulas 

and 

-f“ HgO 

against the great generalisations of the type theory of Dumas and 
Williamson expressed in the symbols 




aoijO' 


was in Berzelius’ formulse, in spite of their errors with 
to atomic weights and 'to the. part played by water in the 

^ ■' ' -t NH8C4H4, according to Berzelius., ■ 

^ A' ■ t SHFjSBiFs, according to BerzeJms. 
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constitution of the acid, a germ of truth, and a possibility of progress 
which the type formulse lacked. It was Kolbe who was destined to 
bring out the whole purport of Berzelius^ conceptions concerning the 
copulated organic compounds. In a classical investigation executed 
partly in Playfair's laboratory in London, and partly in Bunsen’s 
laboratory in Marburg, Kolbe, in 1849, the year after Berzelius’ 
death, proved that acetic acid by electrolysis gave birth to ethane, 
carbonic acid, and hydrogen* {AnnaUn^ 1849, 69, 252). The further 
steps of progress from Berzelius’ and Kolbe’s point of view to that of 
the modern theory of organic chemistry were the synthesis of sodium 
propionate by Wanklyn, 

CgHgNa + COg - CgHg- CO^m, 

and the brilliant discovery of the valency of the elements by 
Frankland. 

From the date of Berzelius’ death, Svanberg abandoned experimental 
work, feeling that his mission was to organise the teaching of chemistry 
on a broad basis in the new laboratory of the university, and to arouse 
interest in the study of his science. Like the seer of old, he was con- 
tent to show to the next generation of his people the path into the land 
of promise. There can be no doubt that he succeeded, for most of 
the chemists who now hold the position of teachers at our academies 
or leaders of the industrial or metallurgical works of our country are 
pupils of Svanberg. The names which will be most familiar to you 
are Gleve, Nilson, and De Laval the reformer of the dairy industry of 
the world. 

In 1865, Nilson was ready to take his degree. The examination 
regulations in Sweden are somewhat complicated, being specially 
drawn up with a view of in.suring that the claims of the humanities 
shall not^be subordinated to those of empirical science ; the candi- 
dates for the Doctorate of philosophy, therefore^ were obliged to 
undergo examinations in history, philosophy, languages, <fce., in 
addition to their chief subject. The examination itself was a mere 
formality, but it was preceded by private examinations in every 
subject, and all these had to be passed within a certain time, usually 
six months, previous to the day of examination, if not, the whole pro- 
cedure had to be repeated. Nilson was ready for examination when bad 
news arrived from home. His father had had a stroke of apoplexy, and 
the work on the farm was much impeded by his illness. Nilson himself 
was at that time very delicate in health, sufi^ering from bleeding from 

^ It scarcely needs to be mentioned that neither Berzelius nor Kolbe then distin- 
guished between the radical methyl and the compound dimethyl or ethane, the 
distinction being first made by Frankland several years afterwards, 

4 S 2 



128Q PETTERSSON : NILSON MEMORIAL LECTURE. 

tlie lungs. To leave TJpsala some weeks before the examination meant 
to postpone it for a year, or indeed for ever, uncertain as it was if he 
could hope to return any more. Nilson, however, did not hesitate ; 
he went over to Gothland, and undertook the management of the farm, 
himself labouring in the fields. When his father, some months after- 
wards, recovered, to the happy astonishment of the family, Nilson 
could inform him of two things : firstly, that the harvest was in the 
barns in the best condition, and the soil prepared and sown for the 
autumn ; secondly, that he had succeeded without any technical assist- 
ance in installing the engine and threshing machinery which had 
just arrived from England — the first machinery of that kind to b© 
introduced into Gothland — and that it had worked excellently. “This” 
— ^Nilson wrote to a friend — “ awakened the liveliest astonishment in 
my father.” Shortly afterwards Mlson returned to the university, 
where a richer harvest was ripening for him. 

He returned another man than he went. The healthy country life, 
and labour with its responsibilities and its success had changed the 
sickly youth, overburdened with mental exertion and doubt about his 
capacities and calling in life, into a strong, resolute man who knew his 
aim and how to realise it ; 

“ Der Riese hat die Mutter Erde beriihrt 
“ Und es wachsen ihm neu die Kr^te.^' 

Erom that time until thirty-two years afterwards, when he literally 
broke down under the burden of labour, he was never ill, and never 
tired. Without any difficulty, he passed his examination, obtained his 
degree with a dissertation on thialdine, and a year later became head 
of the laboratory as chief assistant and demonstrator of chemistry. 

A few words concerning the laboratory of Upsala thirty to forty 
years ago may not be out of place. There was the large and very 
crowded common laboratory room irreverently called the stable” by 
the students on account of the composition of its atmosphere in which 
free ammonia entered in a not inconsiderable proportion. Nilson here 
appeared as a calm and patient teacher rather sparing of words, 
preferring to give an experimental demonstration or practical advice 
instead of long verbal explanations. Inside was the assistants' room 
Bvanberg's private laboratory, where those occupied with scientific 
^vestagations had places. Everything here reminded one of Berzelius. ^ 
SEher© were the balances, the blowpipes, the platinum crucibles-r^ome 
^ the first ever made— that had belonged to him. On the shelves 
were some of his preparations, venerable relics from the days of 
selenium, thorium, <&c. At a certain 

m -hiS' old . military eoat—the abomination of his 
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august colleagues of the academical co’tmBtorivm majus — eager to 
know the progress of every new experiment, himself the most 
enthusiastic of all when success attended the endeavours of his pupils. 
His rooms on the floor above the laboratory were lined with bookshelves 
containing thousands of volumes arranged in double rows on each shelf. 
These treasures of the chemical literature of bygone centuries were des- 
tined to belong to the University after his death, and were at the disposal 
of his assistants and pupils during his lifetime. The circle of scientific 
students in Svanberg's laboratory was united by ties of friendship in 
the hours of labour and of pleasure. As work usually continued 
until late in the evening, there seemed to be little time left for pleasure, 
but the balance between work and pleasure was kept up in another 
way. Whilst it was customary in the private laboratory where Nilson 
presided to enliven the hours of work with conversation, anecdotes, 
puns, occasionally by a song, &c., it was considered unfitting to intro- 
duce scientific matters into the conversation of leisure hours. -Nfilson 
positively did not admit it^ and woe to him who dared to speak of 
political or philosophical matters when Nilson intended to be merry. 
And he was always merry when he was with his friends, the merriest 
of them all. He had a thousand devices for putting a stop to a con- 
versation which threatened to take a tiresome turn. He would, for 
example, sit listening for a while with a grave face, and then interpose 
with a short nonsensical observation, delivered with great solemnity in 
the accents of some political or scientific worthy of pedantic fame, 
while a gleam of fun shot forth from under his heavy, dusky eyebrows. 
The effect was irresistibly comic, so much the more as it came unfore- 
seen. His hearers were at first puzzled, then one chuckled, another 
laughed, and in a minute the impending political or philosophical dis- 
course was drowned in a chorus of laughter in which Nilson's voice at 
last Joined in accents swelling like big waves and rollers of an ocean 
of mirth. 

Out of the great number of scientific researches undertaken by 
Nilson, I will speak only of some of the most important, in order to 
show what scientific impulses he received and how his life-work is con- 
nected with the work of the leading masters of his science in present 
and bygone ages. 

In 1871, his first paper in inorganic chemistry <‘On the Sulphides of 
Arsenic ” was published in the Proceedmgs of the Hoyal Academy of 
Sciences in Stockholm. This research was undertaken in order to 
complete the investigation upon sulphides and sulpho-salts which 
Berzelius had commenced in 1821 — 1826, ' 

This period represents the most brilliant epoch in the history of 
Berzelius, when his generalising genius shone forth in its full vigour, 



1282 


pettersson: nilson memorial lecture. 


and made him for a time the undisputed authority on chemical 
theories. Until that time he had been an adversary of the con- 
ception of the binary composition of haloid salts, but in 1821 he at 
last admitted the cogency of the experimental proofs furnished by 
Sir Humphry Davy and Gay-Lussac of the elementary nature of the 
halogens and the binary composition of their hydrogen compounds 
HOI, HF, &c. His mind was then opened to a wider view of the 
nature of inorganic compounds which embraced all kinds of salts, 
and resulted in a new classification of the elementary and compound 
substances constituting the realm of inorganic chemistry. In 
Berzelius^. Annual Report for 1826, his system of classification is 
enunciated in short and pregnant definitions : Elements are either 
positive (metallic) or negative (non-metallic). 

Among the non-metallic elements are the two groups : 

(1) Halogens * (Oooym^a hahgenia) which form binary saline com- 
pounds with the positive metals, and, 

(2) Amphidst (Gooyora amphigenia) which form basic compounds 
with positive and acid compounds with negative elements. 

Berzelius says ; There are three classes of salts. The first class, 
which I denote as haloid salts, are combinations of an electro-positive 
metal and a halogen. The second class, which I denote by the name 
of ampkid salts, are constituted of one base and one acid. There are 
four different amphid salts : oxy-salts, sulpho-salts, selenium salts, and 
tellurium salts. When we consider the influence this classification 
has exercised on the theory and the teaching of inorganic chemistry 
during the greater part of the nineteenth century, we can judge of 
the enthusiasm which greeted it at the time of its first appearance. 
Svanherg, however, considered that the analogies which Berzelius 
had found to exist between the salts of the amphid group needed 
elucidation and to some extent correction. At his suggestion Nilson 
undertook the study of the selenium salts and sulpho-salts, of which 
Berzelius had synthetically prepared 120 without, however, being 
able to enter upon a closer study of more than a small number of them. 

According to Berzelius, there existed three kinds of arsenical sulpho- 
salts, namely, sulpharsenates, sulphai’senites, and hyposulpharsenites, 
and foursulpMdes, namely, AsgSgjASgSg, ^SgS^jand As^S. Hilson showed 
that the hyposulpharsenites, as well as the sulphide AsgS, do not exist. 
The red or brown precipitate which separates out from hailing solutions 
^ the trisulphide AsgSg in sodium carbonate consists of impure realgar, 
^ As^g, and the black sulphide, As^S, which was supposed to arise from 
4&composition of realgar with alkah, is a. mixture of this substance 
^ 0 E?^njc. He synthesised realgar in a number of different ways, 

iddine, fluoiiae {according to Berzelius, 1826 ). 

'Sulphur, .selenium, and- tellurium. 
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and found tbat this sulphide is liable to decomposition in air, whereby 
arsenic trisulphide, AsgSg, and arsenic trioxide, AsgOg, are formed, 

3AS2S2 + 30 = 2 AS2S3 4* AS2O3. 

This change seems to throw some light upon the genesis of orpi- 
ment in nature by metamorphosis and decomposition of realgar. 
In fact, orpiment seems to be a secondary product, since almost 
every crystal of realgar is found to be coated with a bright yellow 
deposit of the trisulphide, which increases in bulk with time. Of 
real sulpho-salts of arsenic derived from the tri- and penta-sulphide, 
Niison synthesised a great number. Likewise he discovered the 
existence of new oxysulphides ( As2S203)'and oxy sulpho-salts of arsenic. 

Hilson’s next work, “ Researches on the Salts of Selenious Acid,” 
{Ifova Acta Reg. Soc. Ups. Ill, 1875), may also be regarded as a com- 
plement to the work of Berzelius. In 1817, Berzelius discovered 
, selenium and selenious acid,* of which he described a number of 
salts. For the most part he did not go beyond qualitative experi- 
ments, and only rarely stated the quantitative composition of a few 
salts (of sodium, barium, lead, silver) with a view of ascertaining the 
basicity of the new acid. Niison considerably enlarged our knowledge 
of the neutral and acid combinations of selenious acid by accurate 
analyses of more than one hundred of its salts. 

In the beginning of the seventies a new era dawned for inorganic 
chemistry with the discovery of the periodic relations of the elements 
by Newlands, Mendel6eff, and Lothar Meyer. The natural system 
of Mendeldeff in which the new idea for the first time had found 
its fullest and most perfect expression, completed and supplanted 
Berzelius' classification of the elements just as the natural system of 
plants by Jussieu had supplanted the Linnsean system of the vege- 
table kingdom. Moreover, the periodic law as promulgated by 
Mendel^eff invited experimental inquiry. There were new elements 
to discover, atomic weights, to correct, elements of doubtful chemical 
character to study. 

The crucial test of the periodic law seemed ’to lie with the elements 
of the rare earths. As these elements until then had been found 
to exist almost exclusively in Scandinavian minerals in which the 
oxides yttrium, erbium, terbium, cerium, lanthanum, didymium, and 
thorium had been discovered by Gadolin, Berzelius, and Mosander, it 
seemed incumbent upon the Swedish chemists to take up the intricate 
problem once more. Cleve and Hoglund undertook a research upon 
yttrium, thorium, and erbium, which inaugurated the well-known 
aeries of investigations still being carried on by Oleve and his pupils. 

Shortly afterwards Niison began the study of the rare earths con- 
* “ Belenic acid in the terminology of Berzeljug, 
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tained in enxenite, of wRich. mineral he had received a considerable 
quantity from Professor Waage in Christiania. He soon succeeded in 
extracting a large quantity of the crude oxides, and these were submitted 
to the fractionating process invented by Berlin, and afterwards prac- 
tised by Bahr and Bunsen, namely, heating the nitrates until partially 
decomposed. Nilson began this work with a special purpose in 
view. He and I had agreed to make a research in common upon the 
physical and chemical constants of such elements and dwpouhds of 
the rare earths as were considered to have a special bearing upon 
the periodic law of Mendel^eff. The material for this investigation 
was to be partly beryllium oxide, which we prepared in common from 
crude beryl, and partly such oxides of the rare elements as Hilson 
hoped to separate in the purest possible condition from the euxenite 
oxides by systematic fractionation. 

The bivalency of beryllium, with the atomic weight 9 ‘2, was a 
cardinal point of the periodic law. The existing experimental deter- 
minations of the atomic heat of metallic beryllium seemed to con- 
firm this view, since the specific heat was found to be 0*642 which, if 
Be = 9*2, makes the atomic heat 5*9 in accordance with the criterion 
of Dulong. 

Hilson and I prepared metallic beryllium from equivalent quantities 
of beryllium chloride and sodium heated to redness in an hermetically 
closed crucible of wrought iron. The metal thus obtained had a 
specific heat 0*41, or only two-thirds of that formerly found, a value 
which agrees far better with the view that the element is tervalent 
with an atomic weight of about 13*8, contrary to the requirements of 
the periodic law. 

Still the question of the real atomic weight and valency of this element 
could be considered open to doubt, since there existed the possibility 
that beryllium might be an exception to the rule of Dulong, like 
carbon, boron, and silicon, and that its specific heat would be found to 
increase with temperature. This explanation received support from a 
remarkable discovery by Brbgger and Flink, who, on examining the 
crystallised metal prepared by us, found it to possess the same crystal- 
line type (of the hexagonal system) as the bivalent metals, magnesium, 
zinc, and cadmium. We resolved therefore to determine the specific 
heat of the metal at higher temperatures than 100°, and also the vapour 
density of its chloride, in order to finally decide the chemical character 
of the element. 


found that the specific heat increases rapidly with rise of 
0*42 between 100° and 0° to 0*50 between 300° and 
B^^sor Humpidge, of Aberystwyth, who, immediately after- 
experimental skill revised the physical constants of 
bj^ o methods^than ours at concordant results. 
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The following table contains the numbers thus found representing 
the atomic weight and specific heat of beryllium : 

Atomic weight — 9*081 (H = l), Nilson and Pettersson (Ber., 1880, 
13, 1451 ; 1884, 17, 987), = 9*027 (H= 1), Krussand Morath {Annale7i, 
1890, 262, 38). 

Density d 20°/20° ~1*85, Humpidge {Froc, Roy, Boc,, 1885, 39, 4). 
Specific heat : 


Temperature. 

Nilson and Pettersson. 
Ice-calorimeter. 

Temperature. 

Humpidge. 
Method of mixtures. 

0—100“ 

0-4246 

11—100° 

0*4286 



11—145 

0*4515 



11—193 

0*4696 

0—300 

0-5060 

15—240 

0-4885 



14—312 

0-5105 



11—360 

0-5199 



17—447 

0*5403 


The vapour density of the chloride was found to be (Nilson and 
Pettersson) : 


Temperature. 

Density. 

Temperature. 

Density. 

490“ 

6-700 

745“ 

2-763 

520 

4-174 

812 

2-793 

589 

3-067 

1080 

2-684 

597 

3*031 

1115 

2-779 

604 

3*090 

1184 

2*824 

686 

2-853 

1502 

2-791 

720 

2-926 




As the determination of the vapour density of this chloride was the 
first of a great series of similar experiments, a few words about the 
methods employed may find a place here. 

The determination of vapour densities at high temperatures was at 
that time (1880 — 1890) a matter of unusual interest to chemists, since 
Victor Meyer (1876) had improved the experimental technique by 
introducing the principle of displacement (Luftverdrangungsverfahren), 
devised by Dulong (compare Dumas, Oompt.rend,^ 1874, 78, 536) into use 
in a practical and elegant form. Although this method led Meyer and 
his pupils to some of the most important discoveries of that time, among 
which the breaking up of the molecules of the halogens at high tempera- 
tures was the most remarkable, his method was by no means adapted 
for accurate measurements. The methods which we employed in the 
determination of the vapour density of beryllium chloride and subse- 
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quent experiments with the chlorides of aluminium, indium, germanium, 
gallium, (fee., were described in a paper entitled ‘‘ Ueber ein neues mit 
exacter Temperaturbestimmung verbundenes Yerfahren zur Feststel- 
lung der .Dampf dichte duchtiger Korper” {J.pr. Chem,^ 1886, [ii], 33, 1). 
The platinum vessel in which the chloride was allowed to evaporate 
also acted as the bulb of a gas thermometer of the compensatpry type 
devised by me {J,pr. Chem.^ 1882, [ii], 25, 102). In our experiments with 
beryllium chloride and other metals, we found it to be an indispensable 
condition for obtaining constant results (1), to prepare the chloride from 
the pure metal by meansof dry hydrogen chloride; (2), to employ platinum 
tubes for the preparation of the chloride and platinum bulbs for the 
density determination ; (3), to evaporate the substance in an atmosphere 
of an absolutely dry indifferent gas (usually carbon dioxide). 

In beryllium chloride, as in most other volatile substances, there 
seems to exist at low temperatures an unstable association of mole- 
cules. For the study of this transitory state, the displacement method 
of Dulong — Y. Meyer is not sufficient, and must be supplemented by 
that of Dumas. We employed for determinations of the vapour den- 
sity of chlorides, &c., at such temperatures the modification of Dumas’ 
method introduced by O. Pettersson and Gr. Ekstrand 1880, 13, 
1191)* From 730° upwards, beryllium chloride was found to have 
almost exactly the constant density 2*77, as calculated for the mole- 
cule BeCi 2 . 

While the beryllium work was proceeding, important discoveries had 
been made in the chemistry of the rare earths. The mineral 
samarskite from H. America was found to contain, besides the ele- 
ment terbium already announced by Mosander,* a whole group of 
new elements. The first discoveries of these earths were due to Dela- 
fontaine in 1878. The confusion about the names, the atomic weights 
and characteristic absorption bands of the new elements of the 
samarskite group, which at first appeared in the descriptions given by 
Delafontaine, Laurence Smith, and others, gradually subsided under 
the critical scrutiny of Roscoe, Soret, Lecoq de Boisbaudran, and 
Marignac. 

Moreover, the gadolinite, group of earths, which was considered 
until then to contain only two elements, yttrium and erbium, began 
to break up into a number of new earths* Soret had announced the 
existence of a new element, X (later identified with the holmium of 
Cleve) rich in absorption bands, and Oleve found that the bands ofv^ 
the erbium of 1873, of the atomic weight 170 ’5, began to split ^ 
into one group belonging to an element forming a red oxide witjr^the 
characteristic emission spectrum (by incandescence) of the old erbium, 
mother group of only two absorption bands in the visible spectrum 
- "’^ Hosand^’sdeuomination for this element was 
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belonging to a colourless oxide, to which he later gave the name thulium. 
The most promising discovery was, however, due to Marignac, who in 
1878 found that the entire group of absorption-bands of the erbium 
earths could be eliminated by successive fractionating, whilst the 
atomic weight of the remaining oxide increased. He justly concluded 
that a new element of high atomic weight (172*5) must exist, which 
he denominated ytterbium. From want of material, he could not 
purify and isolate its oxide ; he therefore exhorted such chemists as 
possessed a greater supply of material to continue the investigation of 
the new earth, How it became Hilson^s turn to earn the reward of 
his long labour ; he had started his work with a greater quantity of 
raw material than other chemists of that time, and he had worked, as 
was his wont,„.in the most methodical manner. Moreover, the 
material, oxides from euxenite, which he treated was singularly rich 
in the elements of higher atomic weight of the gadolinite group of 
earths. The consequence was that he could fractionate easily a con- 
siderable quantity of nitrates up to the point indicated by Marignac, 
where the absorption-bands began to vanish, and the atomic weight of 
the metal amounted to 172*5. Before he had reached that point, however, 
Nilson made the startling observation that there separated out, among 
the insoluble basic salts, the nitrate of a less basic metal of lower atomic 
weight. The equivalent weight of the. oxides in the insoluble part of 
the decomposing nitrates had a tendency to sink instead of to rise. 
He immediately concluded that, together with ytterbia, a new oxide 
must exist. The atomic weight of the elements contained in these 
fractions rapidly sank to 134, and even lower, whilst the atomic weight 
of the element in the other part of the fractions slowly rose to 173*01, 
the oxide became snow-white, and all absorption-bands vanished from 
the solutions of its salts. Hilson thus had succeeded in isolating two 
of the best defined elements of the rare earths, ytterbium {Ber.y 1879, 
12, 550) and scandium 554). Both are characterised by brilliant 
emission spectra studied by R. Thal4n, and by highly interesting 
chemical properties. Both elements fill .prominent places in the third 
group of the periodic system, and scandium is especially remarkable, 
as it is identical with Mendeleefi^s hypothetical element ekaboron. 

The intention of Hilson and Pettersson to isolate the elements of 
such oxides as could be obtained in a state of chemical purity from 
the rare earths and determine their physical and chemical constants 
was not to be fulfilled. In 1881, 1 was called to undertake the duties of 
Professor of chemistry at the newly instituted Stockholms Hogskola, 
Hilson remaining in Upsala as Professor of analytical chemistry. 
Before parting, we found tipae to determine the specific volume and 
heat of the oxides and sulphates of all earth -mntais then known 
1880, 13, 1459). 
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Occupied as he was with the discovery of ytterbium and scandium, 
Nilson still found time to publish some important researches upon 
the chemistry of other members of the rare elements. 

Already, in 1877 (7. p*. Ghem,, [ii], 16, 177), he had taken up the 
study of the platinichlorides of these elements commenced by Oleve, 
John, and others. 

The platinichlorides are of three general types : 

platinichlorides). 

B. ECle'ptCl/ (f „ „ ). 

c. Eci^ptci^ a „ „ ). 

To A belong the salts of uni- and bi- valent metals, such as potass- 
ium, barium, &o. The platinichloride of beryllium, BeClgjPtCl^jSHgO 
(Marignac and others), belongs to this type. 

To B belong the platinichlorides of the tervalent elements, alumin- 
ium, chromium, iron (Nilson), didymium, erbium, cerium, lathanum 
(Oleve, Jolin, and others). Yttrium and indium are exceptions, their 
platinichlorides being represented by the formula 4YOl3,5Pt0l4,52H2O 
(Oleve, Nilson), InCl3,5PtCl4,36H20 (Filson). 

Of the type 0 (^-normal platinichlorides), only one member was known, 
namely, the thorium salt, ThCl4,Pt0i4,12H20, described by Oleve. 
Mson found that the quadrivalent metallic elements as a rule form 
platinichlorides of this type, for example : 

Sn0l4,Pt0l4,12I[20. 

2r0Cl2,Pt0l4,12H20. 

The platinichlorides of metallic elements thus furnish a very 
characteristic indication of their valency. 

The same holds also to a certain extent with regard to the 
platinochlorides, a class of compounds which, before Nilson*s time, 
had been very little studied. Filson prepared (7^. 1877, 

[ii], 15, 260) the corresponding chloroplatinous acid. 


H-ci:oi'Pt-ci:oi-H, 

which exists only in dilute solution, and on evaporation in a 
:,vactium decomposes, losing hydrogen chloride forming the com- 
|bund H'CUCbPtOl, which at 100^ is transformed into platinous 
ehleride, PtClg. 

\ the same year (1877), dates an important research upon 
- apd diplato-nitrites. The constitution of the platonitrites, 
l>y Lang (7. Ghm,<t 1861, 83, 415), had been inter- 
[jBiomstmnd {J.pv, Ohem.^ 1871, [ii], 3, 186) to be 

§0:^O:FO-OPt-O*FO:NO-OE, 
;^|ite;fetrdnitrosylic acid. 
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The platonitrites are beautifully crystallised salts. NUson found 
that in some cases they decompose into diplatonitrites, nitrous acid; 
and nitrites {Ber., 1876, 9, 1722). 


2 


RO-NOlNO-O-v.p, 

RO-NOINO-O'^'*^® 


E0-N0:N0-0-Pt'v,n ■.■NT 


n -i-9'Nrn.nTi. 


In this way, the diplatonitrites o£ silver, beryllium, and iron 
(Fe'") are formed. The tervalent metals, yttrium, erbium, lan- 
thanum, and didymium form normal platonitrites of the composi- 
tion 

il 2 ( 4 K 02 Pt)g + 9 or I 8 H 2 O. 


Nilson found that the platonitrites of potassium and barium are 
changed into iodoplatonitrites 1878, 11, 879) if treated with 

iodine in alcoholic solution. This new class of salts occupies an 
intermediate position between the platonitrites and platinoiodides. 


E- 0 *No':NO- 0 ^^ (platonitrites). 

(platoiodonitrites). 

(platinoiodides). 


In 1882, Nilson published his first researches upon thorium which he 
later completed in conjunction with G. Kriiss {ZeU^ physihccl Chem*, 
1887, 1, 301). He succeeded in obtaining metallic thorium and deter- 
mining the vapour density of its chloride. 

In preparing pure thoria, Nilson experienced the diJOficulty of remov- 
ing from it the last traces of cerium dioxide, which most pertinaciously 
clings to it. The fact that this was successfully overcome in 1883 has 
been of some importance in the industrial rivalry of the great incan- 
descent lighting companies, since the first patent claimed the employ., 
ment of pure thoria, which is, however, by no means a fit material for 
incandescent lamps. 

Nilson and Kriiss {2leU. phyaikd, 18S7, 1 , 391) also tried to 

isolate niobium from potassium fluoroniobate, but, like Marignao, they 
obtained the hydride, NbH, instead of the metal. The specific heat of 
this hydride was found to diminish considerably with rise of tempera- 
ture, as shown by the following numbers : 

Temperature 0 — lOO'^ 0 — 210° 0 — 301° 0 — 440° 

Spec, heat of NbH 0*0977 0*0925 , 0*0871 0*0834 

Molecular heat of NbH... 9*3 8*8 8*3 7*9 

In the course of his long work upon the elements of the rare earths, 
Nilson had acquired a rich collection of their oxides, extracted from 
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different minerals. When Nilson and Kruss {Ber.y 1887, 20, 3067) 
spectrometrieally compared the relative intensity of the characteristic 
absorption-bands of holmium, thulium, didymium, erbium, samarium, 
(fee., in the solutions of basic nitrates of oxides derived from different 
minerals, they discovered remarkable variations, similar in character to 
those observed in 1886 by Crookes (Proc. Boy, Soc,^ 1886, 40, 663) who 
stated that it was possible to eliminate band after band from the original 
didymium spectrum until only a sidgle band X 443 was left. From similar 
observations, Uilson and Kriiss drew the following conclusion : *‘Nach 
obigen Auseinandersetzungen batten wir an Stelle des Erbiums, Hol- 
miums. Thuliums, Didyms, und Samariums, die Exist enz von mehr denn 
zwanzig Elementen anzunehmen.’* 

Few chemists of the present day will admit the strictness of this 
conclusion. There are many facts indicating that absorption bands as 
well as luminous bands of fluorescence cannot be regarded as essential 
characteristics of elementary substances. The experiences of Sorby 
with jargonium, as well as the observations of Liveing upon the varia- 
tions occasioned by the nature of the solvent, and by impurities, on the 
intensity of absorption bands, are instructive in this respect. We can 
also hope that the study of the radio-active substances which are found 
to accompany the rare elements may throw light upon this question, so 
that the nebula of elementary matter which now seems to exist within 
the erbium and other groups will dissolve into well-defined elements. 

Ohee more, after Nilson had taken up his residence at Stockholm as 
Professor of agricultural chemistry, an opportunity arose for carrying on 
the investigation upon the physical and chemical properties of the rare 
elements which we had planned in earlier days. The time for qur 
joint work was, however, very limited owing to official duties, and the 
fact that new scientific interests had arisen on both sides. Kilson's 
efforts were concentrated upon the problems of augmenting the harvests 
and the fertility of the soil, whilst mine were concerned with the 
physical and chemical properties of the ice and water of the ocean. 
Still, we were able to spare about three weeks every year for i'osearch, 
and of these we made five by working late. 

Much uncertainty prevailed with regard to the formulce and mole- 
cular weights of the chlorides and similar compounds of aluminium, 
indium, gallium, iron (Fe'"), and chromium. The vapour densities of 


nluminium chloride and ferric chloride had been found by Deville and 
, {Ann, Ghim, p}iy8,f 1860, [iii], 68, 283) as well as by Y. Meyer 
1879, 12, 1199) to correspond with those required for the 
-^CIq and Fe^Clg, whilst indium chloride, according to Y. 
^^^^,lmust be. represented by the formula InCl^. About gallium 
. were , divided, Lecoq de Boisbaudi'an's determina- 

-iu accordance with the 
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doubled formula GagCl^, FriedePs (ibid,) more with GaClg, The 
question seemed the more ambiguous as the determinations according 
to Dumas’ method always seemed to give greater values for the 
density than those obtained on Dulong’s principle at the same 
temperatures. 

We found that no range of temperatures exists through which the 
vapour density of these chlorides is sufficiently constant to warrant 
the doubled formulae AlgOlg, lugClg, &c. Whilst the density of alumin- 
ium chloride as observed by Deville and Troost is 9*20 between 
350—440° (corresponding with that required for the formula AlgOl^), 
it increases below that temperature, and decreases above it 
physihaL Ghem,, 1889, 4, 206) until at about 800° (or even below that 
temperature, if evaporated in an indifferent gas) the value 4*60* is 
obtained which remains constant for some hundred degrees. 

The vapour of aluminium chloride at low temperatures — like that 
of acetic acid studied by Oahours — consists of unstable associations 
of molecules, /lAlClg, which generally undergo dissociation into 
AlClg as the temperature increases. This dissociation depends, not 
only upon temperature, but also upon pressure, consequently dissocia- 
tion will be found to be more advanced at a certain temperature if 
the^ chloride is evaporated in an atmosphere of an indifferent gas, 
as is the case in experiments with the displacement method. This 
accounts for the discrepancy between the vapour densities determined 
224^^°^^^^ l^nlong’s principles (JSeit) physiJmL 1889, 4, 

At very high temperatures we observed a gradual breaking up of the 
molecules of these chlorides, characterised by a slight diminution of the 
vapour density. The temperature at which this chemical dissociation 
begins is very different in different chlorides, for while beryllium 
chloride maintains its normal vapour density 2*77 up to 1500—1600°, 
aluminium chloride begins to show signs of chemical dissociation above 
1000° and gallium chloride below this. 

We found that indium has three chlorides: InOlg, InCl^, InOl 
(Trans., 1888, 53, physihal. (74em., 1888, 2, 65), and gallium 

two chlorides : GaClg and GaOlg, each characterised by the normal 
vapour density required for the respective formuloi. Thus it is proved 
that a metal such as indium can exist in gaseous compounds as a 
uni-, hi-, and ter-valent element. 

In 1886, Clemens Winkler discovered germanium, the ekasilicon of 
Mendeleeff, and entrusted to us the determination of its physical con- 
stants, namely, the specific heat of the metallic element and the 
vapour density of its chloride, GeCl^, and sulphide, GeS. The results of 
this investigation are published in 1887 in a paper entitled ; tTeber 
The theoretical value for AlClg is 4*60, 
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einige physikalische Constanten des Germaniums and Titans'^ (Zeit, 
jphysihal, Gkem,^ 1887, 1, 27). 


From 1878 to 1883, Nilson filled the position of Professor of 
analytical chemistry at the University of Upsala. In 1883, he 
became Professor of agricultural chemistry at the Royal Academy 
of Agriculture in Stockholm. He devoted himself to his new duties 
with the same energy and interest which he had shown in his in- 
vestigations in theoretical chemistry. In the first place, he had to 
organise the laboratory and make arrangements for experiments with 
plant culture in accordance with modern methods, and then he elaborated 
minute directions for the analytical work in the dijfferent chemical 
stations of Sweden, of which he was inspector. He was consulted 
in all questions of importance concerning agricultural or technical 
legislation, and his decision on such questions was always founded 
upon exact and original experimental investigation, as will be found 
from his reports upon the analysis of butter and of milk, or his 
examination of the lactocrite method, and the efficiency of the different 
mechanical methods of separating the fatty matter from milk, or his 
investigation in reference to urban sanitation. 

It could hardly be expected that, in addition to this official work, he 
could find time and opportunity for experimental scientific investiga- 
tions in agricultural chemistry, nevertheless, there are not less 
than 57 separate papers upon such topics published by him in the 
JowmA of the Royal Academy of Agriculture.* I must confine 
myself here to mentioning only two or three of these investigations. 

In the first place, both on account of the intrinsic value of iJie 
analytical work bestowed upon the subject, and on account of its^ 
practical importance, his treatise on the possibility of introducing 
the culture of the sugar beet into Gothland must be mentioned. The 
climate and the arable land of Gothland are in themselves favourable 
to the culture of this plant, as pointed out long before by A. Muller 
and others. More than 30,000 hectares, or about one-ninth of the area 
of this island, consist of almost sterile swamps, the soil being composed 
of a thin layer of humus formed by decayed vegetable matter which has 
grown in the stagnant water in the hollows of the plateau of Silurian 
limestone forming the geotectonic framework of the island. 

Hilk)n proved by chemical analysis as well as by cultural experi- 


ments, that the black soil of these swamps is unusually rich in lime and 
^togenpus humous substances, containing as much as 4 or 5 per cent. 


oi laitirogen. The sterility of the soil in its natural state is due to the 
total absence of phosphoric acid, and, in some measure, also to 
of potassium. If this want is supplied by artificial 

TidsJcriftf 18S3 —1898. 
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manuring, the richest crops of corn, rape, and sugar-beet can be 
obtained. The intelligent farmers of Gothland, to their great economic 
)rofit, hastened to follow Nilson’s advice j the barren ground of the 
iwamps is now drained and sown with corn and rape, and, to some 
jxtent also, with sugar-beet. 

An indispensable condition for maintaining a rational culture of the 
soil is to have a supply of natural or artificial calcium phosphate. 
The annual import of phosphates into Sweden is equivalent to more 
yhan 18 million kilograms of phosphoric oxide, whilst only 2 or 3 
nillion kilograms are produced in the country, the condition of 
ihings not being favourable for the manufacture of basic phosphate, 
[n the Northern provinces of Sweden, especially in the great iron-ore 
district of Gellivara, apatite occurs so intimately mixed with iron ore, 
jhat the latter must be separated from it either by washing or by 
inagnetic extraction. It occurred to Professor J. Wiborgh that the 
ipatite powder could be converted into tetraphosphate by ignition 
Hth alkali. When the first experiments had proved successful, 
b’ilson, at Wiborgh’s request, took over the analytical investiga- 
[iion and biological experiments with the new fertiliser. Thirty parts 
pf soda are heated to about 900 — 1000° with 100 parts of powdered 
Apatite, which, on the average, contains about 17 per cent, of felspar.’^ 
I The chemical reaction is : 

1. CaFl2,90aO,3P2OB + 3Na20,002 - 2Na2O,10OaO,3P2bB + 2NaFl 

+3OO2. 

2. E:20,Al203,6Si02 + 2Na20,C02 = K20,2Na20, Al203,6Si02 + 2OO2. 


The product, which consists of neutral silicates and tetraphosphates 
Sof calcium, sodium, and potassium, is insoluble in water, but is still 
ssimilable by plants more completely than ordinary tetraphosphate 
pbtained by the Thomas-Gilchvist method. For the manufacture of 
7‘iborgh phosphate a great industrial establishment is now in working 
at Lule§«. 


Nilson was a member of the Chemical Societies of England, Fx'ance, 
and Germany, and of nearly all learned Societies and Academies of 
|bhe Scandinayian countries. He was a most active and infiuential 
aember of the Royal Academies of Science and of Agriculture in 
Stockholm, but as much as possible avoided representative duties, 
declining, for example, much to the disappointment of his colleagues, 

1 0 undertake the Presidency of the former. He was not a brilliant 
ecturer, but no one was listened to with greater attention. 

t * The presence of silicate — as might bo foreseen from the recent researches of 
l^agner and others— is essential for the assimilability of tho tetraphosphate by 
plants. 
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In the scientific world, it awakened not a little surprise commingled 
with regret that Filson, in 1883, a few years after his discovery of 
ytterbium and scandium, left his work in the field of theoretical 
chemistry, where he had met with such brilliant success, in order to take 
up the seemingly modest occupation of an agricultural chemist. His 
friends knew that this involved a great sacrifice on his f^urt, but they 
felt no astonishment at his resolution. They knew tl^t with Hilson 
the sense of duty was paramount, and the desire of success of 
secondary importance. His country needed him to fill that place — that 
was all. Besides, there dwelt within him an innate love of living 
nature y he liked not only to study the abstruse problems of natural 
science, bub he was also an admirer of nature herself. He was fond 
of farming and gardening j he loved flowers, and had a singular 
talent for arranging them. In this art he considered his own taste 
infallible, he could admit the talent of others, but he acknowledged 
the superiority of none, I can see him on one of those days when 
he had invited a party of friends to his hospitable house, entering the 
room with a huge burden of flowers from the meadow or garden, 
arranging them deliberately in his own original fashion, before he came 
forth beaming with pleasure to welcome his guests. 

The burden of labour which his excellent constitution had long 
sustained without any sign of giving way, at last became too heavy 
even for his powers. His friends felt anxious, bub Hilson showed no 
anxiety ; his trustful sanguine temperament, which, throughout his life- 
time made, him look upon every event from its hopeful side and upon 
every man from the best side of his character, obscured from his eyes 
the approach of death, and let the forebodings which inevitably precede 
it pass, by unheeded. He was spared from long lingering and suffering. 
There was a sudden blow, a 6hort struggle, and all was over. 


CXXIIL — Degradation of Glycollic Aldehyde. 

: By Henry J, Hoestman Fenton, M.A., F.R.S. 

the method which has previously been described (Trans., 1896, 67, 
1899, 75, 676), it is easy to obtain glycollic aldehyde in a puro 
having regard to the important position occupied by this 
the first member of the sugar group, it appears desirable 
its relationships and properties. Experi- 
are now in progress, and the present communi- 
^ investigation inade With the view of 
^ bo VdegradedVby the two 
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well-known methods which have been so successfully applied in the 
case of some of the higher sugars,* 

The systematic degradation of members of the sugar group can now 
be effected by two distinct methods, the first being that of Wohl, who 
obtained ^^-arabinose from <i-glucose 1893, 20, 740), and, later, 

^-erythose from ^-arabinose {Ber.^ 1899, 32, 3666). The sugar is 
treated with free hydroxylamine in alcoholic solution and the resulting 
oxime acted upon by acetic anhydride in presence of sodium acetate. 
In this way, the nitrile of the corresponding acid results, and all the 
hydroxyl groups become acetylated ; glucoseoxime, for example, yields 
the nitrile of pentacetylgluconic acid, and arabinosoxime gives the 
nitrile of tetracetylarabonic acid. These products readily lose hydro- 
gen cyanide by the action of alkalis or silver oxide, yielding a 
derivative of the lower sugar. When pentacetylgluconic nitrile, for 
instance, is treated with ammoniacal silver oxide, silver cyanide 
separates, and an acetamide compound of the pentose results which 
yields the latter substance on treatment with sulphuric acid. 

This method has been employed with excellent results by other 
chemists j Fischer, for example, degraded rhamnose to methyltetrose 
{Ber.^ 1896, 29, 1380) and Maquenne {BuU. Soc, 1900, 23, 587) 

obtained, in a similar way, Z-erythrose from xylose. 

The second method is based upon an application of the author^ s 
process of oxidation in presence of iron. In previous communications 
to the Society (Trans., 1894, 65, 899 ; 1896, 67, 574 ; 1896, 69, 546) 
it has been shown that tartaric acid — which may be regarded as a 
normal oxidation product of tetrose — ^when oxidised in this way, in 
the cold, gives dihydroxymaleic acid, and that the latter, on heating 
to 50 — 60°, yields glycollic aldehyde.t The degradation is thus 
carried over two stages — tetrose to diose. In a similar way, it is hoped 
that tetrose may be obtained from mucic or saccharic acids, and triose 
from trihydroxyglutaric acid, and experiments are being made in this 
direction. 

Buffi per., 1898,31, 1573; 1899, 32, 660 j 1900, 33, 3672, <fco,) 
has applied this method with much success to the monobasic acids, and 
has obtained^ for example, c^-arabinose from rf-gluconic acid, and 
<?-erythrose from (i-arabonic acid, the degradation taking place through 
a single stage (that is, by the removal of one carbon atom). In the 
first named instance, a ketonic acid appears to be the first product, so 

* The converse operation, that is, the aldol condensation of formaldehyde to gly- 
collic aldehyde, has been effected by Pechmann (Eer., 1897, 30, 24=69). 

t A similar result may, of course, be effected in one operation, since tartmic acid, 
when oxidised in presence of iron at the ordinary temperature and subsequently 
heated to 60 — 60“, yields glycollic aldehyde, but as a method of preparation, this 
process is loss convenient owing to the necessity of separating the unaltered tartaric 
acid. 
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that in these reactions, as in the case of tartaric acid, the elimination 
of carbon dioxide is probably preceded by the formation of a direct 
oxidation product. There is, however, an important difference to be 
noticed in Ruff *s mode of applying the oxidation process, in that he 
employs 2 , ferric in place of a ferrous salt. In the krge number of 
substances whose behaviour on oxidation, in presence of iron, has been 
studied by the author, it has invariably been found 
salt is absolutely essential and that ferric salts are inert, 
author’s opinion, it is probable that a previous reduction of a portidil 
of the iron first takes place in the experiments as conducted by Ruff, 
that is, at a more elevated temperature (the author’s experiments 
have nearly all been made near 0% whereas Ruff usually employs a 
temperature of 40°). 

It is stated by Gerhard Ollendorff {Inaugural Lissertation^ Berlin, 
July, 1900, 21), that glycollic acid 3 H[elds formaldehyde when oxidised 
by hydrogen dioxide in presence of iron salts. H. 0. Jones and 
the author have already studied the oxidation of this acid under 
these circumstances in the cold and have shown (Trans., 1900, 77, 70) 
that glyoxylic acid results, so that the latter would appear to be 
the intermediate stage in the ‘ degradation ’ by this method. In 
consequence of the advent of other workers in this direction, the 
author confines himself in the present communication to the degrada- 
tion of glycollic aldehyde by Wohrs reaction. 

An alcoholic solution of glycollic aldehyde was mixed with rather 
more than the calculated quantity of free hydroxylamine, also in 
alcoholic solution, the latter being prepared according to the instruc- 
tions given by Wohl (Rer., 1893, 26, 730). After leaving the mix- 
ture to stand for some days, it was allowed to evaporate in a vacuum 
desiccator over sulphuric acid, the product being a thick syrup which 
refused to crystallise. Heating the mixture to 100°, prolonged 
standing, stirring, treatment with solvents, &c., failed to yield a 
crystalline product, and from the appearance and some of the proper- 
ties of the syrup it was at first thought that no reaction had taken 
place. On analysis, however, the substance was found to contain 
nitrogen (H = 15*8 per cent,, the calculated amount being 18’6 per cent.), 
and subsequent experiments showed that the oxime had been formed 
in considerable quantity. It would appear, therefore, that the action 
is limited, and that some glycollic aldehyde remains unchanged. 
It was evident, however, that for the present object the isolation of 
state was not absolutely necessary, since any 
would be removed by the mode of treat- 

whcre a ferric salt appears to be as efficient as a 
E to be undoubtedly due to prewous reduction of 
a be easfly demonstrated. 
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ment suggested. The syrup was therefore mixed with excess of 
acetic anhydride, together with a little fused sodium acetate, when a 
very violent action took place. When this had ceased, the mixture 
was heated for a short time on a water-bath, poured into cold water, 
partially neutralised with sodium carbonate, extracted several times 
with ether, and the ethereal solution well dried over calcium chloride. 
After distilling o:ff the ether, the residual liquid was submitted to 
fractional distillation under reduced pressure, and the portion which 
came over at 100 — 120° under a pressure of 38 mm. was collected 
apart. The greater portion of this boiled under atmospheric pressure 
at 177 — 179° with, however, a considerable darkening of the liquid. 
The colourless distillate which came over at this temperature had a 
pungent odour, and was sparingly soluble in water. On analysis, the 
following result was obtained : 

0-1614 gave 18*8 c.c. nitrogen at 18° and 745 mm. 17 := 13*36 per cent. 

When heated for a minute or two with aqueous sodium hydroxide, 
it turned yellow, and the product on acidification gave a strong odour 
of hydrocyanic acid ; tested with iron salts, it gave an intense Prussian 
blue reaction. This product .is evidently, as might be expected from 
the general type of WohFs reaction, the acetyl derivative of glycollic 
nitrile (or acetoxyacetonitrile), OHg'CO'O’OH^’CN, which requires 
17=14*14 per cent. The last-named compound was obtained by 
Henry from the halogen derivatives of acetonitrile (Oompt. rend.^ 1886, 
102, 769; 103, 413) and from the union of hydrogen cyanide with 
formaldehyde and subsequent acetylation with acetic anhydride {Compt, 
rmd.y 1890, 110, 759), and is described as a colourless liquid boiling 
at 177° (an analysis is not given). 

When this nitrile was dissolved in alcohol and mixed in the cold 
with the calculated quantity of silver oxide dissolved in aqueous 
ammonia, a separation began, almost immediately, of silver cyanide in 
a beautifully crystalline condition, a slight reduction of the silver 
taking place at the same time. After the mixture had been allowed 
to stand for about twenty-four hours, it was filtered, the liquid allowed 
to evaporate to a syrup in a vacuum desiccator, taken up with alcohol, 
again filtered and evaporated as before. The resulting product, which 
was partly syrupy and partly crystalline, gave the oharacfceristic odour 
of formaldehyde when heated with moderately dilute sulphuric acid ; 
for further identification, the vapours were collected in a small quan- 
tity of ice-cold water and examined as follows : 

1. Ammoniacal silver nitrate gave a silver mirror after standing 
for a few minutes, 

2. A rosaniline salt, which had been bleached by sulphurous acid, 
gave, almost immediately, a bright magenta colour. 
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3. Heated with resorcinol and strong soda solution, a red colour was 
obtained. 

4. The solution was saturated with hydrogen sulphide, and allowed 
to stand for several hours; the resulting mixture, which had an 
alliaceous odouxv was heated to boiling with half its volume of con- 
centrated hydrochloric acid, and allowed to stand, when silky needles 
of trithioformaldehyde separated, which melted at about 210^. 

5. By the action of phenylhydrazine. Phenylhydrazin^' acetate 
gave a bulky, floceulent, pale yellowish-white precipitate, which was 
collected, washed with absolute alcohol, and then three times with 
boding ether, and was afterwards recrystallised from a mixture of 
toluene and absolute alcohoL It was thus obtained in the form of 
lustrous rhombic tablets, which melted sharply at ISl'^. (Compare 
Wallace Walker, Trans., 1896, 69, 1278). 

The identity of the product is, in fact, beyond all doubt, and its pro- 
perties form a striking contrast to those of glycollic aldehyde as 
regards odour, much greater volatility, and the reactions 4 and 5 
above mentioned. 

The degradation of glycollic aldehyde by this method is therefore 
extremely simple and evidently takes place in a perfectly normal 
manner. 

The nature of the intermediate product which is formed by the 
action of ammoniacal silver oxide on the nitrile has not yet been 
studied owing to the small amount of material available. Presumably 
it is either hexamethyleneamine or, more probably, an acetamide com- 
pound of formaldehyde analogous to the products obtained by Wohl in 
the case of the higher sugars. 

Host of the materials necessary for this investigation were provided 
by the funds placed at the author^s disposal by the Government Grant 
Committee of the Boyal Society. 


.—Researches on the Alhyl-suhstituted Succinic 
. ^ Acids, Part III, Dissociation Constants. 

% WiLiiiAw A. Bone and Charles H. G. SpRANmNO. 

communication (this voh, 664), we showed that the 
in w acid have an extra- 

ita dissociation constant, and in discussing 
suooinic acids as a class, we ex-* 
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pressed the opinion that the data then available were not sufficient to 
justify our making any very definite statement as to the factors which 
determine the magnitudes of the constants in this particular series. 
The experiments recorded in the present paper, we hope, will go some 
way towards supplying this deficiency, and, together with previous 
results, will provide an adequate basis of fact for the discussion of a 
very difficult question. 

In the first place, it seemed desirable to ascertain whether other 
‘ iso ’ groupings have an influence upon the dissociation constant of a 
succinic acid in any way comparable with that of the two ^aopropyl 
groups in o^-5-dwsdpropylsuceinic acid, We therefore investigated 
the hitherto unknown s»di^5c>butylsuccinio acids from this standpoint, 
and also determined the constants of severaT new auj-dialkyh and tri- 
alkyl-succinic acids which seemed likely to afford evidence directly 
bearing on the question at issue. A full discussion of these and pre- 
vious results will be found at the end of the paper. 

A. %-Dii^ohutylsuccinio Acids, 

The preparation of these acids involved the following operations : 

(1.) The preparation of ^fiobutylacetic acid from ethyl malonate and 
^jobutyl bromide, 

(2.) The bromination of isobutylacetic acid by the Hell-Volhard- 
Zelinsky method, 

(3.) The preparation of ethyl j8-^sobutylcyanosuccinate by the in- 
teraction of ethyl a-bromo^sobutylacetate and the sodium derivative 
of ethyl cyanoacetate, 

(4.) The ^'aobutylation of ethyl ^-iaobutylcyanosuccinate, and the 
subsequent hydrolysis of the ethyl ajS-diteobutylcyanosuccinate so ob- 
tained. 

We will briefly describe the later stages of the preparation. 

Ethyl pAnoh^yloymosuccinate was obtained by heating an alcoholic 
solution of the sodium derivative of ethylcyanoacetate with the calcu- 
lated quantity of ethyl a-bromoiaobutylacetate in soda-water bottles 
to 100° for 24 hours, the details being similar to those given for the 
preparation of ethyl )S)8-dimethylcyanosuccinate (Trans., 1899, 76, 
864). The yield of refractionated oil was 66 per cent, of that theoret- 
ically possible, it was nearly colourless, had a density d T0455, 
and a refractive index 1’4408. On analysis ; 

01902 gave 0^4263 00^ and 01439 H^O. O«:60’99 ; H«811. 

0’2926 ,, 1416 c.c. nitrogen at 14° and 746 mm. Na=6*71. 

^ 13 ^ 21 ^ 4 ^ requires 0~6117 ; Il==:8‘23 ; N=a6*69 per cent. 

In order to prove the constitution of the oil, a portion of it was 
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hydrolysed with concentrated hydrochloric acid, T^hen an acid melting 
at 107® and in all other respects identical with i'?abutylsaccinic acid, 
was obtained. The acid was analysed with the following results : 

0-2021 gave 0*4085 OOg and 0-1490 H^O. 0=^66-11 ; H = 8-19, 

0-1329 of the silver salt gave on ignition 0*0739 Ag. Ag = 56*59. 
requires 0 = 55*17 5 H = 8-04 per cent. 

<^ 81 ^ 12 ^ 4^2 » Ag = 66*68 per cent. 

Ethyl a^‘diimj>utylcyam. 08 uccinate was prepared by heating molecular 
proportions of the sodium derivative of ethyl j8-isobutylcyanosuccinate 
and tsobutyl bromide with alcohol in soda-water bottles at 100® for 24 
hours. As the liquid still remained alkaline, more i^obutyl bromide 
was added and the process continued for a second period of 24 hours. 
The product, isolated in the usual manner, was twice fractionated 
under reduced pressure. 

The refractionated oil was very viscous and nearly colourless ; it boiled 
at 187 — 189° under 20 mm. pressure, had a density d 0®/4® 1*0128, 
and a refractive index 1 *4462, On analysis : 

0-2103. gave 0*5036 COg and 0*1790 HgO. 0 = 65*31 ; H = 9*46. 

0*2199 „ 8-7 C.C. nitrogen at 21® and 764 mm. =4*69. 

requires 0 = 65*59 j H = 9*32 ; N = 4*50 per cent. 

The oil was hydrolysed in two stages, namely, first with alcoholic 
potash (1 hour) in order to obtain the a/S-di-isobutylcyanosuccinic acid, 
which was then boiled for 36 hours with 50 per cent, sulphuric acid 
on the sand-bath (compare this vol., 659). Oily particles of the 
anhydride of cw-s-diwbutylsuccinic acid separated out during the 
process, and on cooling crystals of the ^ra/w-isomeride appeared in 
the liquid. The whole was at once submitted to steam distillation, 
when the <w>-anhydride passed over as a colourless oil, leaving the 
imw8-acid behind ; the separation of the two isomerides was complete. 
The cw-acid was obtained from the aqueous distillate, and the ^mn^-aoid 
from the residual liquid exactly as described in our previous paper 
(loc, ct^., 661). 

cis-s-Ezisodutykucczmc acid is very sparingly soluble in water, and 
after two or three recrystallisations from that solvent melts at 97~98®. 
On analysis: 

0*1935 gave 0*4419 OOg and 0*1633 HgO, 0 = 62*30; 11 = 9*38. 

, 0*1867 of the silver salt gave on ignition 0*0907 Ag. Ag = 48*67. 

, ^ 12 ^ 22^4 0 = 62*60 ; H = 9*56 per cent. 

^i2'^2o^4-^2 fr Ag = 48*66 per cent. 

aiiiydride of this acid, obtained in the usual manner, was a 
at 280— 286® under atmospheric pressure; 
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with aniline, it yielded a liquid anilic acid, resembling in this par- 
ticular c^- 5 -dmopropylsuccinic acid. The sparingly soluble calcium 
salt had the composition 

trans-s-i!>^iso5t4^2/^^'^c^^^^*^ — The crude acid obtained on ex- 

tracting the residual liquor in the distillation flask melted at 170 — 180^, 
but after two or three recrystallisations from a mixture of benzene 
and light petroleum it melted at 193 — 196°. Thab it was now quite 
free from the c 2 s-isomeride was shown by the fact that treatment with 
cold acetyl chloride had no effect on its melting point. On analysis : 


0-1516 gave 0-3475 GO^ and 0-1356 HgO. 0-62-49 ; H-9-94. 
0*2020 of the silver salt gave on ignition 0*0982 Ag. Ag== 48*61, 
^ 12 ^ 22^4 J^eq^ires 0-62*60 ; H — 9*56 per cent. 
^i 2 H 2 o^ 4 ^g 2 « Ag = 48-66 per cent. 


The acid dissolves on being heated with acetyl chloride, forming a 
liquid anhydride which, with water, yields the original acid again, and 
with aniline, a solid anilic acid melting at 134 — 135°. 

Conversion of the trans- into the oi^-Acid, — The ^rtm 5 -acid is 
quantitatively converted into the c^a-isomeride by heating it in a 
sealed tube with acetyl chloride or acetic anhydride at 180°, and 
subsequently converting the cia-anhydride so formed into the acid. 

On the other hand, we have not been able to effect even a partial 
conversion of the cis- into the ^rma-acid, although we heated it in a 
sealed tube with concentrated hydrochloric acid at 230° for 24 hours. 
c^s-s-Dwsopropylsuccinic acid, we have shown, undergoes no alteration 
on being heated with hydrochloric acid to 180°, but at 220 — 230° is to 
a very small extent converted into the trans-ioxm. Evidently 
c^-s-diwobutylsuccinic acid is a still more stable substance. 

Dissodation Constants f — The s-dmobutylsuccinic acids are so spar- 
ingly soluble in water that in neither case were we able to obtain a 
solution containing the gram-molecule in less than 600 litres. It was 
therefore necessary to apply a correction for the resistance of the 
water in each case. The following are the corrected values obtained : 


-y. 

668-6 

1337-0 

2674-0 


Qi^-s,-I)mohutyUucovnio acid. 

m, 

167-0 0-4610 

198-0 0-6648 

241-6 0-6900 

0-066. 


100 ^. 

0-0666 

0*0648 

0-0574 


* The determinations of these and all other dissociation constants included in this 
and our two previous papers were made at a temperature of 26 °. 
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tvB^n^-s-DiimhutylsuGoiniG acid. 


V. 

fh- 

m. 

100^. 

1060 

134-5 

0-3843 

0*0226 

2120 

172-2 

0-4920 

0*0224 

4240 

214-5 

0-6135 

0*0232 


ir= 0-0225. 


These numbers indicate that the two -isobutyl groups have no such 
extraordinary influence on the constant o£ a succinic acid as the two 
iffopropyl groups have in the case of ciS'S-tsopropylsuccinic acid. 

B. <j.a-fMethylpTopylsuccinic Acids. 

Ethyl P-mcthyUa‘P'opylcyanosuccinate was prepared by heating an al- 
coholic solution of the sodium compound of ethyl /S-methylcyanosuccinate 
(compare Trans., 1899, 76, 853) with the calculated quantity of propyl 
iodide on the water-bath in a reflux apparatus until the liquid became 
neutral (45 mins.). The propylated oil was extracted as usual and 
twice refractionated. The yield was 81 per cent, of that theoretically 
possible. The oil boiled at 169 — 171° under 24 mm. pressure, had a 
density d 0°/4° 1-0601 and a refractive index 1*4428. On analysis : 

0*2077 gave 0*4647 CO 2 and 0*1691 HgO. 0 = 61*01 ; H = 8*61. 

0*3122 „ 15*3 c.c. nitrogen at 19° and 766 mm. N=s=5*68. 

GjgHgiP^lSr requires 0 « 61*17 ; H « 8*23 ; N = 5*69 per cent. 

It was hydrolysed in two stages and the resulting cis- and trans-aa-^'- 
methylpropylsuccinic acids were separated by steam distillation as 
described in the proceeding section of this paper. 

ci&-m.r^Methylpropyh^ is fairly soluble in water and is 

best reorystallised from warm benzene. It melts at 92 — 93°. On 
analysis: 


0*1726 gave 0*3486 00^ and 0*1269 H 2 O. 0 = 66*09 ; H « 8*17. 
0*1163 of the silver salt on ignition gave 0*0648 Ag. Ags* 66*70. 
requires 0=s 66*17; H= 8*04 per cent, 
OgHiia^^Aga „ Ag-® 66*68 per cent. 


The acid gave a liquid anhydride which, with aniline, yielded an 
anilic acid melting at 82-— 84°. 

acid is less soluble in water than the 


cfelsomeride, and after two or three recrystallisations from a mixture 
p£ b^piene and light petroleum, melts at 168—160°, On analysis : 

gave 0*4477 OO^ and 0*1659 HgO. 0 = 66*02 ; H = 8*26. 
of the silver salt on ignition gave 0*1 100 Ag. Ag = 66*78. 
fe ^^'oquiros 0 = 65*17 ; H = 8*04 per cent, 






Ag— 65*68 per cent. 
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The acid gradually dissolved in warm acetyl chloride forming a 
liquid anhydride which with water yielded the original acid again, and 
with aniline an anilic acid melting at 166 — 167°, 

Mutual Gonversion of cis- and trans-^dcw^s. — (1) On heating the c^V 
acid in a sealed tube with strong hydrochloric acid for 8 hours, a 
partial conversion into the ^ra 5 ^s-isomeride occurred. The resulting 
mixture melted indefinitely between 130° and 150°, and was subse- 
quently resolved into two portions melting at 92° and 156 — 168° 
I'espectively. 

(2) The iram-acid was quantitatively converted into the ci5-anhy- 
dride on being heated in a sealed tube with acetic anhydride to 180° 
for 6 hours. 

Dissociation constomts . — The following are the values obtained ; 


dB-aa-fMethylpropylsuceinic acid. 


v. 

y>v‘ 

m. 

lOOii:. 

26-6 

28*39 

0-0811 

0-0270 

630 

39*18 

0-1119 

0-0267 

106-0 

63*31 

0-1660 

0-0272 

212-0 

74*70 

0-2135 

0-0273 



0-0271. 



tTSins-aayMetJiylpropylsuccimc acid. 


V. 

/V 

m. 

lOOA. 

65-0 

44-42 

0-1272 

0-0336 

110-0 

61-04 

0-1774 

0-0334 

220-0 

82-03 

0-2344 

0-0333 

440-0 

110-3 

0-3162 

0-0330 



0-0336. 



0. a<j,i*McthyUmhutyl8UCGinic Acids* 

The preparation of these acids from ethyl ^-methylcyanosuccinate 
is so similar to that of the acids already described, that it is hardly 
necessary for us to give any detailed account of it. 

Ethyl p-methyl-a-is^o'butylcyanosuccinate is a colourless oil boiling at 
186 — 188° under 35 mm. pressure, having a density ci 0°/4° T0628 
and a refractive index //.^a 1*4446. 

The two isomeric methyKaobutylsuccinic acids obtained on hydro- 
lysing this oil have properties so similar to those of the acids described 
in the preceding section that we may simply tabulate them as fallows : 

M, p. s M. p. 

Acid, Anhydride, Anilic add, 
fraws-ooi-MethyKsobutylsuccinic ... 133° liquid 132 — 133 

cis „ „ ... 88—90° „ 94—96° 
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Dissociation constants, — The following are the values obtained : 


ci^-aa^McthyliBohuiylsuccinic acid. 


V. 


m. 

lOOifc. 

34-6 

40-08 

0-1146 

0-0429 

69-0 

65-73 

0-1692 

0-0427 

138-0 

75-18 

0-2148 

0-0426 

276-0 

101-0 

0-2885 

0-0424 



0*0427. 



tTSbUH-aai-Methylimhutylsuccinic acid , 



fif). 

m. 

100*. 

88-9 

47-28 

0-1361 

0-0237 

177-8 

64-43 

0-1841 

0-0234 

365-6 

87-45 

0-2498 

0-0234 

711-2 

116-10 

0-3318 

0-0233 


jK’= 0-0236. 

D. aa-j^-Mcthyli&oamylsuccinic Acids, 

Dr. Lawrence kindly furnished us with specimens of the cis- and 
imw^-aa^^-methyksoamylsuccinic acids described in a recent communi- 
cation to the Society (Proc., 1899, 16, 163) ; we obtained the following 
results for their dissociation constants. 


ciS’Actd, m. p. 93°. 


V. 

/4t>« 

m. 

100*. 

52*3 

46-31 

0-1323 

0-0386 

104-6 

63-36 

0-1810 

0-0382 

209-2 

86-45 

0-2470 

0-0387 

418'4, 

114-98 

«284 

0-0386 


E 

= 0-0386. 



traxis-Aoid, 

m. p. 141 — 142°, 


a 

iH. 

m. 

100*. 

183-4 

66-61 

0-1876 

0-0236 

366-8 

87-69 

0-2636 

0-0234 

733-6 

118-70 

. 0-3393 

0-0238 

1467*2 

164-7 

0-4429 

0-0240 


0-0236. 



%, Trialhyl’S’aiBtitutcd Succinic Acids, 

we are now able to prepare ethyl ^^-dimethylcyanosuccinate 
ijnah^ties, and as the introduction of a third alkyl radicle 
^^uie is ah ^y matter^ we have been able to investigate 
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a large number of trialkylsuccinic acids containing two methyl and a 
third variable radicle. Of these, we prepared the dimethylethyl-, 
dimethylpropy]-, dimethyl^opropyl-, and the dimethyK^oamyl-succinic 
acids, whilst Dr. Lawrence kindly gave us a specimen of dimethyl- 
^sobutyLsuccinic acid. 

The details of the preparation of these acids from ethyl /3jS-dim ethyl- 
cyan osuccinate are so similar to those described under trimethyl- 
succinic acid in a previous paper (Trans., 1899, 75, 855), that we 
need not give them ; the yields of trial kylated cyanosuccinic esters 
usually amounted to about 80 per cent, of those theoretically possible- 
Each oil was hydrolysed by boiling it with excess of strong hydro- 
chloric acid in a reflux apparatus until the whole of it had dissolved. 
The time required for the process varied with the mass and character 
of the third alkyl radicle introduced. Thus, whilst ethyl /3j8-di- 
methylcyanosuccinate required only 15 hours for complete hydrolysis 
with strong hydrochloric acid, the trimethyl ester required 40 hours, 
the dimethylethyl 48 hours, the dimethylpropyl 84 hours, the di- 
methylwpropyl 96 hours, and the dimethyKsoamyl 144 hours under 
the same conditions. On cooling the liquid in each case, almost the 
whole of the acid separated as a white, crystalline powder which was 
afterwards purified by repeated recrystallisation either from strong 
hydrochloric acid or hot benzene. The only impurity likely to survive 
this treatment would be a small quantity of as-dimethylsuccinic acid 
resulting from any unchanged ethyl /S^S-dimethylcyanosuccinate in the 
oil hydrolysed j analyses of the acids and their silver salts, however, 
showed that in no case was it present.^ 

aa-Diriwthyl-a^-ethyhucGinic acid melted at 139 — 140®. On analysis : 

0-1826 gave 0*3684 00^ and 0*1349 HgO. C«55*0 ; H-:8*21. 

0*2109 of the silver salt gave on ignition 0-1169 Ag. Ag« 65*44/ 
OgHi^O^ requires 0 =k 65-17; H = 8*05 per cent. 

OgHijO^Agg „ Ags* 56 '68 per cent. 


Dissociation constant. 



/V 


100& 

69-2 

68-34 

0-1667 

0-0663 

118'4 

79-63 

0-2276 

0-0660 

236-8 

107-20 

0-3063 

0-0671 

473-6 

140-8 

0-4023 

0-0572 


0*0566. 


aa-Dimethyl^ai-propylsucoinic acid melted at 145®. On analysis : 

* i» 5 -Dimethylsuocimo acid, C 0 H 1 OO 4 , contains 0-49-31, H-6-81 per cent, and 
its silver salt contains Ag= 60*00 per cent. 
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0-2144 gave 0-4512 COg and 0-1671 HgO. C=:57-40 ; H==:8-66. 
0-2966 of the silver salt gave on ignition 0-1594 Ag. Ag=s 63-72, 
^9^16^3 0 = 57*46 ; H = 8-51 per cent, 

» Ag = 53-99 per cent. 

This acid also gave a liquid anhydride and an anilic acid melting at 
Dissociation constant 


: lOO;?;. 

108*5 78-68 0-2248 0-0601 

217-0 106-4:0 0-3011 0-0598 

434-0 138-50 0-3956 0-0596 

868-0 176-50 0-5042 0-0591 

^=0-060. 


a^Bwmthyl-a^A^opfopylmocinic acid melted at 141 142° On 

analysis : 

0-2072 gave 0-4355 00^ and 01620 H^O. 0 = 57-31 j H = 8-69. 
0-3172 of the silver salt gave 0-1680 Ag. Ag = 63-69. 

^0^^1604 requires 0 = 57 -46 ; H = 8-61 per cent. 

^9®'U^4-^g2 » Ag = 53-99 per cent. 

forms a liquid anhydride, and an anilic acid melting at 
Dissociation constant. 


^ w. ioo;&. 

66-1 35-66 0-1019 0-0159 

132-2 46-96 0-1342 0-0157 

264-4 63-01 0-1800 0-0150 

628-8 86-06 0-2430 0-0148 

Z= 0-0158. 


aa-DiTmi/iyl-a^-isobutylsuccinie .dctci.— Specimen prepared by Dr. Law- 
rence. Melting point 143—144° 


Biasociation eomtmt. 


Si; . 


r. . 


m. 

273-0 

101-4 

0-2898 

646-0 

123-3 

0-3810 

1092-0 

171-5 

0-4900 

2184-0 

223-9 

0-6083 



= 0-0432. 
add melted 


100/fc. 

0-0434 

0-0429 

0-0431 

0-0432 

at 143-144° On 
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0-2126 gave 0-4701 COj and 0-1781 HgO. 0 = 60-31 ; H = 9-31. 
0-1926 of the silver salt gave on ignition 0-0965 Ag. Ag = 60’l. 

requires 0 = 60-64 ; H = 9'17 percent. 
OiiHigOiAgg „ Ag = 60-0 per cent. 


Dissociation constant. 


V. 

ft,. 

m. 

100/fc. 

121-2 

83-43 

0*2384 

0*0616 

242-4 

111-60 

0*3189 

0*0616 

484-8 

145-60 

0*4157 

0*0610 

969-6 

184-20 

0*5263 

0*0603 


.S'- 0-0616. 


Discussion of Results, 

The dissociation constants of a very large number of alkyl-substi- 
tuted succinic acids have now been determined ; in no other series of 
acids are the data available for a discussion of the connection between 
the chemical constitution and this characteristic physical constant so 
complete. 

On b. priori grounds, we should conclude that the value of the con- 
stant in this series would be largely influenced by the following fac- 
tors : (1) The number of the substituting alkyl groups ; (2) their 
mass and chemical structure (3) the mutual influence of the two 
carboxyl groups, largely dependent on the distance between them. 

With regard to the third factor, it is obvious that the mutual effect 
of the two carboxyl groups in the molecule must increase the tendency 
to ionisation in aqueous solution. As an extreme instance of this 
effect, we might quote the constant of malonic acid (0*163), which is 
ninety times as great as that of acetic acid (0*0018). The magnitude 
of this mutual reinforcement will vary inversely as the distance be- 
tweeSh the two groups in question, and as there is good reason for 
believing that in the alkylsuccinio acids this distance decreases with 
the number of the substituting^ radicles, we must endeavour to distin- 
guish between the direct effect of successive substitutions and the 
accompanying indirect effect due to the approximation of the two 
carboxyl groups. 

It has been argued that because the direct observed effect of succes- 
sive methyl substitutions in the acetic acid series is to lower the value 
of the constant, it must necessarily bo so in every other series, 
(compare Walker, this vol., 397) but this contention is based on 
purely empirical evidence, and is unsupported by any d priori con- 
sideration. 

It remains now to see how far we can trace the" effects of these 
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different factors in the succinic series. In the first place, so far as our 
experience of anhydride formation in this series goes, we are inclined 
to think that the relative distances of the two carboxyl groups in 
members containing the mme number of alkyl radicles are practically 
equal, for we have never been able to detect any difference in the 
tendencies to anhydride formation in such cases, although we have ex- 
amined a large number of them. Hence differences in their dissocia- 
tion constants may be ascribed to the influence of the second factor, 
namely, mass or chemical structure of the substitution alkyls. 

On tabulating the values for mono-substituted succinic acids deter- 
mined by ourselves and others as follows : 


Monomethyl. 0*0085 

Monoethyl 0*0085 

Monopropyl 0*00886 


Mono^sopropyl 0 *0076 

Monoisobutyl 0*0088 

Monoisoamyl 0’0096 


we observe that an increase in the mass of the alkyl radicle is accom- 
panied by a tendency to increase in the constant, except in the case of 
the 4>opropyl group, which clearly exerts a lowering influence. 

If the values of the ao^-dialkyl acids containing one methyl and a 
second variable radicle be compared as follows : 



Tram. 

CiB. 

a-Bimethyl 

... 0*0196 

0*0123 

ooj-Methylethyl 

... 0*0207 

0-0201 

atti-Methylpropyl 

... 0*0335 

0*0271 

aoj-Methyliaopropyl ...... 

... 0*0158 

0-066 

ooi-Methyk'sobutyl ...... 

... 0*0226 

0*056 

aoj-Methylisoamyl ...... 

... 0*0236 

0*0386 


it will be seen that so long as the variable radicle remains mrmal the 
constant increases with its mass in both the cis- and ^fems-series. As 


soon, however, as the variable radicle contains an * iso ^ grouping we 
find a ‘ lowering ^ effect in the ^m^^5-ser^es, and a very marked ^ raising ^ 
effect in the c^fi-series, and both these opposite effects are the more 
marked the nearer the peculiar grouping of the carbon atoms in the 
iso-radicle is to the carbon atom to which the carboxyl group is attached, 
Further, it is rather a remarkable coincidence that only in the case of 
acids where the second variable radicle is normal are the constants of 
^<m-aoids greater than those of the corresponding cis-isomerides. 

^ Smilar effects are to be observed in the case of trialkyl acids contain- 
ing tw methyl groups attached to the one carbon atom and a third 
rle radicle to the other carbon atom, thus 

Himethyli^opropyl 0*0160 

Dimethyliaobutyl 0*0432 

J[)imethvli.<rrtfl.mvl A.Atfif/* 


0*0320 

0*0566 

0^0600 
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Here, again, so long as the variable radicle remains normal an increase 
in its mass is accompanied by a marked increase in the constant, but 
this ^ mass ' influence is masked by the opposite effect of the ‘ iso * 
structure in the last three acids, and, again, the magnitude of this 
structural effect depends on the proximity of the ^ iso * linking to the 
carbon to which the carboxyl group is attached. 

We will now tabulate those symmetrically substituted dialkylsuc- 
cinic acids whose constants have been determined. 


Trans. Cis. 

s-Dimethyl 0*0196 0*0123 

^-Diethyl 0*0245 0*0201 

ff-Di propyl 0*0250 0*049 

^-Dmopropyl 0*0108 0*230 

s-Diwobutyl 0*0226 0*056 


Again, we find that so long as the two alkyl radicles have a normal 
structure, the value of the constant increases with their masses in both 
the cis^ and ^rrms-series. On the other hand, just as in the case of the 
aoi-acids when the alkyl groups have an ‘ iso ' structure, we observe a 
' lowering * effect in the <raw5-series and a ^ raising ’ effect in the 
corresponding m-series, these ‘ structural ' effects being again most 
marked in the two diisopropyl acids. 

The conclusion may therefore be drawn that in this series of acids 
each alkyl group exerts its own influence upon the dissociation con- 
stant dependent upon its mass and structure. In the case of normal 
radicles, we have simply the effect of ‘ mass ’ to consider, an in- 
crease in the mass of a variable radicle invariably raises the con- 
stant. The ' structural ' effect in case of tso-radicles is opposed to 
that of mass, except in the case of cts-symmetrically substituted 
dialkyl acids, and its magnitude always depends on the proximity 
of the * iso ' linking to the carbon atom to which the carboxyl 
group is attached. 

We have in our previous paper discussed the effects, direct or 
indirect, of successive alkyl substitutions on the constant of suc- 
cinic acid. There can be no doubt as to the observed effects, for 
the constant of every monoalkylsuccinic acid is greater than that of 
succinic acid, those of the aoj-dialkyl acids are all greater than 
the highest value observed in the case of the monoalkyl series, and 
those of the trialkyl acids we have studied are all greater than that of 
the as-dimethylsuccinic acid from which they are derived. Whether this 
general effect is direct or indirect is a matter of opinion> but if we 
consider it indirect, and due to the greater proximity of the two carb-* 
oxyl groups, we have still further to explain why the constant of c&-s-di- 
wopropylsucoinic acid is so many times greater than that of any other 

VOL, LXXVII. • 4 V 
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cis-s-dialkyl acid, although there are no appreciable differences in their 
tendeneies to anhydride formation. 

We have pleasure in stating that the greater part of the cost of the 
materials used in this investigation was defrayed by grants from the 
Research Fund of the Chemical Society. 

Thb Owens Oollegb, • 

Manohestee. 


CXXV. — Genistein. Part IL 

By Arthur George Perkin, F.R.S.E., and Louis Hubert Horsfall. 

It was shown (Trans., 1899, 76, 830) that dyer's broom {Genista 
tinctoria) contains, in addition to luteolin, a new substance genistein, 
which possesses feeble dyeing jJroperties. When decomposed, the latter 
gave phloroglucinol and an acid resembling ^-hydroxyphenylacetio 
acid, and this reaction, together with its other properties, indicated it 
to be a trihydroxyphenylketocumaran. 


0 



Further investigation, however, was desirable in order to establish 
the identity of the acid and the nature of the products of methylation. 
These points could not be dealt with previously owing to the small 
quantity of genistein which the plant contains and the laborious 
nature of the operations for its extraction and complete purification. 
For the apparently meagre results of this paper, 25 grams of genistein 
were employed, the preparation of which extended throughout five 
months. 


Methylation produots of Genistem, 

J it has been shown {loo* cit,) that by methylation genistein yields 
dimethyl ethers, {a) the main product melting at 137 — 139°, and 
in minute quantity and characterised by its sparing 
lyin alcohol. The ether (a) was first examined. 
li^tAhoe^ to which the formula Ci4Hg03(0- 0113)3 was assigned, 
a^wos^yl compound, Ci4H^O3(O*0H3)3'O^gO, and that 
assigned to it was evident from a 
tiioh with an^^a^ 
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0'6710 dissolved in 15 c.c, of boiling acetic acid and ti*eated with 
2 c.c. of sulphuric acid gave 0*5815 

Found 86*66 per cent. Calculated 87*19 per cent. 

Decomposition with Alcoholic Potash. — The dimethyl ether {a) was 
digested with strong alcoholic potash at 150 — 160° for 3 hours. 
The resulting solution was evaporated to dryness, the residue dissolved 
in water, neutralised with acid, treated with excess of sodium hydro- 
gen carbonate, and extracted with ether. On evaporation, a small 
quantity of colourless residue remained which did not crystallise on 
long standing, and was similar in character to that yielded by luteolin 
trimethyl ether (this vol., p. '1317) by this method. To identify it, 
the residue was dissolved in dilute sodium carbonate solution, diazo- 
benzene sulphate added, and the red precipitate thus produced collected, 
washed, dried, and purified by extraction with alcohol and crystal- 
lisation from a mixture of alcohol and acetic acid. It formed a glisten- 
ing mass of orange-red needles melting at 251 — 252°, did not dissolve 
in cold aqueous alkalis, and was identical with disazobenzenephloro^ 
gludnol monomethyl ether, previously prepared from the methyl ethers 
of quercetin (Proc., 1900, 16, 181) and luteolin. The sodium hydrogen 
carbonate solution from which this phenol had been removed was 
neutralised with acid, extracted with ether, and the extract evapor- 
ated. The resulting oily residue gradually solidified and was then 
digested with boiling light petroleum, filtered, and the crystals which 
had separated overnight recrystallised from the same solvent with the 
aid of animal charcoal. 

0*1088 gave 0*2594 00^ and 0*0595 HgO. 65*02 ; H-=G*07. 

0*1366 „ 0*1940 Agl. OH8-9*07. 

requires 0 » 65*06 ; 6*02 ; 9*03 per cent. 

This acid consisted of colourless leaflets melting at 85 — 86°, and was 
identical with the methoxyphenylacetio acid, 

prepared by Cannizzaro (AnnaUn, 1861, H7, 243). The decomposition 
products of genistein dimethyl ether (a) are thus phloroglucinol mono* 
methyl ether and ^*m^thoscyphmylacetic acid^ consequently this com- 
pound is the normal dimethyl ether of the colouring matter. 

The sparingly soluble Dimethyl Ether (5).— The yield of this product 
was exceedingly small and little more than one gram was available for 
investigation. The melting point, previously given as 187 — 189°, is too 
low, and should be 200 — 202°. It has been shown i}oc^ dt,) that this 
substance contains two methoxy-groups, and that by the action of 
hydriodic acid genistein or a very similar compound is formed. To 
account for its production, it seemed possible that during methylation 
a methyl group had entered the ring, the product being consequently 
a dimethyl ether of methylgenistein {loo, ciL), 

• 4 U 2 
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The acetyl derivative prepared in the usual manner forms colourless 
needles, dissolves sparingly in alcohol, and melts at 212 — 214°. It 
contains only one acetyl group. 

0*6548 gave 0*5768 regenerated ether. Found 88*08. 

C^^Hi^ 03 ( 0 ’CH 3 ) 2 ‘ 02 H 30 requires Ci^Hj^405«87*19 per cent. 

= 87*72 „ 

The regenerated dimethyl ether melting at 200—202° was 
analysed, 

0*1148 gave 0*2886 COg and 0*0555 HgO. 0« 68*56 ; H = 5*37. 

C^i^HigOg requires 0 = 68*00 ; H = 5*33 per cent. 

By the action of alcoholic potash at 150 — 160°, this ether yielded 
an acid which crystallised in colourless leaflets, melted at 86 — 86°, 
and was identical with ^-methow^phenylctcetic acid. The phenolic pro- 
duct of the decomposition became crystalline on standing, and was 
identical in appearance with that yielded by the analogous trimethyl 
ether of high melting point from luteolin (he, cit,). That it was the 
same substance was confirmed by the preparation of its disazobenzene 
derivative, for this formed orange-red needles melting at 198 — 201°. 
As previously indicated, this is most probably disazohenzemimthyh 
phloroglucinol monomethyl ether, and consequently the ether obtained 
from genistein melting at 200 — 202° is considered to he^methylgenietein 
dimethyl e^er. The following would appear to be its constitution ; 



To determine whether any characteristic distinction could be noted 
between genistein and the presumed methylgenistein, a trace of each 
was prepared by the decomposition of the respective methyl ethers 
with hydriodic acid. In appearance and general reactions, both pro- 
ducts appeared to be identical, but a distinction in the melting 
point was noted, as the genistein melted at 287 — 289°,* and the 
methylgenistein at 276 — 278°. From these results, it is unlikely 

that methylgenistein or its glucoside exists in the Genista tinctoria, 
and the substance is almost certainly produced in the form of its 
^^ther , during methylation. Owing to lack of material, experiments 
not be made to determine if it could be formed by digesting 
dimethyl ether with methyl alcoholic potash and methyl 

of genistein from the dyer’s broom, the pmitjr of which could not be 
at ^91— ^93% slightly higher than that from the ether, a fact 
as the quantity of the latter did not admit of recrystaUisation. 



ISIS 
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iodide, but by acting at first with a somewhat larger quantity of the 
alkali and iodide upon genistein, it was observed that the yield of 
the methylgenistein compound was somewhat increased. Owing to 
the difficulty in preparing it, we do not propose to examine it fur- 
ther, for its analogy to the methylluteolin ether is evident. 


Genistein Diethyl Ether, 

Genistein dissolved in a solution of potassium hydroxide (5 mols.) 
in ethyl alcohol was digested at the boiling point with excess of 
ethyl iodide for 3 days. From the resulting solution, which on 
cooling formed a semi-opaque, gelatinous mass, unaltered ethyl 
iodide was removed by distillation; the alcoholic liquid was then 
poured into much ether, and the product washed with water and 
evaporated to dryness. The amorphous, horn -like mass was dissolved 
in boiling alcohol, allowed to partially cool, and a small quantity of 
an indefinitely crystalline substance (c) which separated, was rapidly 
removed by filtration through calico. This operation had for its ob- 
ject the removal of a less soluble ether if such should be present, as is 
the case with the methylation product. The filtrate became gelatin- 
ous on cooling, and as other solvents did not yield a crystalline pro- 
duct, it was evaporated to dryness and acetylated in the hope that the 
resulting compound would be easier to manipulate. This was found 
to be the case, for the monoacetyl derivative, 0i4Er703(0 *02115)2 *021130, 
crystallised in colourless needles melting at 168 — 170°. 

0-1120 gave 0*2780 COg and 0*0575 HgO. 0« 67*68; H«5*70. 

0-4165 „ 0*3670 CigHigOg. O^gHig^^e* 88*11. 

^eq^ires 0 = 67*41 ; H = 5*62 ; O^gHj^gOg* 88*20 per cent. 

The genistein diethyl ether regenerated from the above substance 
could now be crystallised from alcohol, in which it is sparingly soluble, 
and was thus obtained in colourless needles melting 132 — 134°, 

The mother liquor should be removed while still warm, as the later 
separations are deposited in the gelatinous condition. 

0*1087 gave 0*2762 OOg and 0*0573 HgO. C = 69*04 ; H = 5*85. 

0*0645 „ 0*1005 Agl. 19*22.^ 

CigHigOg requires 0 = 68*79 ; H=6*73; 02H5=18*47 per cent. 

The ether was decomposed with alcoholic potash and the products 
separated in the same manner as those yielded by the dimethyl ether. 
The acid thus obtained formed colourless leaflets melted at 88°, and had 
the properties of ^-ethdxyphenylacetic acid, 02H5*0*03H4*CH2*002H. 

0*1051 gave 0*2546 COg and 0*0593 HgO. 0 = 66*06; H = 6*27/ 
OjoHjgOg requires 0 = 66*66 ; H = 6*66 per cent, 
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The accompanying phenol is most probably phloroglucinol mono- 
ethyl ether, but owing to lack of data this cannot yet be identified. 
When treated with disazobenzene sulphate in the usual manner, an 
orange-red compound resulted, which crystallised from alcohol in 
needles, and was insoluble in cold aqueous alkalis. 

The product (c) obtained during the purification of the above 
substance melted at 127 — 129°, and did not appear to contain a 
second ethyl ether, although, as a mere trace ; was available, it 
could not be properly examined. 

Experiments were carried out in the hope of preparing a pure azo- 
benzene derivative of genistein, but these, as well as those for the 
production of nitro-derivatives, were unsuccessful ; they indicated, 
however, that if sufficient material were available for the determin- 
ation of the necessary conditions, such derivatives could be produced, 
as has been the case with the somewhat closely allied colouring 
matter apigenin. 

Summary of Remits, 

When methylated, genistein, like luteolin (loc, cit), gives two 
ethers which are insoluble in aqueous alkalis, and capable of 
forming monoacetyl derivatives. That melting at 137 — 139° is the 
normal dimethoxy-compound, whereas the second, which melts at 
200 — 202°, is considered to be methylgenistein dimethyl ether. It is 
probable that the formation of the latter is due to a methyl group 
entering the ring of the phloroglucinol nucleus during methylation, 
for there is no evidence to show that methylgenistein (or its glucoside) 
is contained in Genista tinctoria. The production of jp-methoxy- and 
p-ethoxy-phenylacetic acids from the corresponding ethers of genistein 
proves that the acid previously obtained from this colouring matter is 
^-hydroxyphenylacetic acid ; and the results, as a whole, are in har- 
mony with the constitution which was previously assigned to genistein. 

Clotkwoekbes’ EnfiBSAROH Laboratory, 

Dybino Department, 

Yorkshire CoiiLegb, 


CXXVl— Luteolin. Part IIL 

F.E.S.E,, and Louis Hubert Horsfall. 

if^j^unications (Trans., 1896, 69, 206, 799), it was shown 
pTo^rties which harmonise with those of a tetra- 
was undertaken to support this 
l^^rewdight on some obscure points which occur in 

^ '^v '■ ■ ^ ' 



PERKIN AND HORSFALL: LUTEOLIN. PART III. 1316 

It has been shown {loc, cit,) that the isolation of luteolin from weld, 
at best a laborious task, is much simplified by the method devised by 
one of us, and this process has been again employed. An improve- 
ment is effected by adding a concentrated alcoholic solution of the 
very crude luteolin to ether, omitting the preliminary extraction with 
this solvent. After removing insoluble matter, the ethereal liquid is 
washed with water, evaporated to dryness, and the yellow residue sub- 
mitted to purification. If for this purpose crystallisation from dilute 
alcohol is employed, and the mother liquors are worked up as far 
as possible, a small quantity of a product eventually remains which 
does not crystallise readily, and tends to gelatinise. As the bulk of 
this residue, unlike luteolin, gave no insoluble hydrobromide in the 
presence of acetic acid, this method could be employed for its isolation. 
The acetic acid filtrate from the luteolin hydrobromide was poured 
into water, the dull yellow precipitate collected, well washed with 
water, and dried. A solution of this product containing a trace of 
acetic acid was now treated with lead acetate solution so long as a 
precipitate formed, and this was filtered off and thoroughly washed 
with boiling alcohol. The ^trate, after evaporation to a small bulk, 
was treated with a little boiling water, the semi-crystalline deposit 
collected, and further purified by crystallisation from alcohol. Exam- 
ination of the product by Zeisers method proved the absence of a 
methoxy-group, but it was observed that by the action of the hydr- 
iodic acid a purer substance was obtained. The main bulk was there- 
fore treated in this manner, and finally crystallised from dilute 
alcohol. 

0T082 gave 0*2617 COg and 0*0389 HgO. 0 = 66*96 3 H = 3*99, 
0*1156 „ 0*2792 002 „ 0*04:13 HgO. 0 = 66*87 3 3*96, 

Oi6HioOg requires 0 = 66*66 3 H = 3*70 percent. 

The substance formed almost colourless leaflets, and when heated 
showed signs of melting at 236% being completely liquid at 344®. 
With alcoholic lead acetate solution, it is partially precipitated as a 
yellow lead compound, and with alcoholic ferric chloride a brown 
coloration was produced. It was readily distinguished from luteolin 
by its feeble dyeing properties. 

On fusion with caustic potash at 210% the sutetance yielded pkloro- 
glucmol (m. p. 210®), g-hydroxyhmzoio cmd {m, p. 209—210®), and traces 
of protocaUchuiic acid and a substance resembling 'p^hydroxyacetophenone* 
These results indicated that it was apigenin, which exists as a glucoside 
in parsley, and as the glucoside of its methyl ether in the leaves of 

* This apigenin methyl ether, acacetin, seems to be identical with that recently 
prepared by Tongerichten, which contains the mothoxy-group in the 4'-position 
1900, 88, 2908) ; its examination wiU he continued. 
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BoUniob psmdacacia (Trans., 1900, 77, 430). It has been shown by 
Vongerichten {Ber,, 1900, 33, 2334) that the presence of proto- 
catechuic acid in the decomposition products of apigenin previously 
observed by himself 1876, 9, 1124), and later by one of us 

(Trans., 1897, 71, 805), is due to a contamination of the apigenin from 
parsley with luteolin monomethyl ether, and the reappearance of this 
acid here, as well as the slightly low analytical numbers given above, 
were evidence that our substance still contained a trace of luteolin. 
The remaining portion was therefore dissolved in alcohol, the solution 
treated with a little lead acetate, and the colouring matter recovered 
from the filtrate in the manner previously given. It now melted at 
342 — 344°, a temperature which nearly coincides with the melting 
point of synthetical apigenin (347°) given by Ozajkowski, von K(S- 
tanecki, and Tambor {Ber., 1900, 33, 1992). To remove all doubt 
on the point, the substance (0*75 gram) was converted into its methyl 
ether, which crystallised in pale yellow needles melting at 166 — 167°, 
and was evidently identical with the apigenin dimethyl ether pre- 
viously described. The percentage of apigenin in weld appears to be 
very small, as the quantity of pure substance isolated for these experi- 
ments was only 1*5 grams from 31 lbs. of weld extract Owing, 
however, to the fact that apigenin is partially precipitated by alcoholic 
lead acetate, it is obvious that the above does not represent the full 
amount present in the extract. 


Methylation of LuUolm, 


Ifc has been shown (^oc. cit.) that when methylated, luteolin yields 
an almost colourless substance melting at 191 — 192°, which contains 
three mefchoxy-groups ) to this the formula OigHgO 0 (OHg)/was assigned. 
Subsequently, Herzig 1896, 17, 421) expressed the view that 

this substance was probably the trimethyl ether, CiA0a(0-0H3)3, and 
not a tetramethyl compound. As analytical numbers a trifle lower than 
those given[at first were afterwards obtained, this view of its composi- 
tion was adopted. The explanation previously suggested by one of us 
that a methyl group had entered the ring appeared also unlikely, 
Judging from the behaviour of analogous colouring matters of the 


quercetin type ; moreover, the small yield amounting approximately 
to 7 per cent, from the exceedingly expensive luteolin, rendered its 
. '^wination extremely difficult. After careful consideration and a 
experience of this class of substance, . however, it was difficult 
^^eye that this was the normal trimethyl ether, 0 j 5 H^ 0 g( 0 ’CB[g) 3 , 
point was not only particularly high, but its crystalline 
^^^t resemble that of the corresponding triebhyl ether. 
^^s„ 1899, 75, ^35), it was noted that genistein 
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when methylated forms two dimethoxy-compounds, one having, like 
the luteolin compound, a high melting point, whereas the second 
appeared to be the normal compound. The difficulties involved in the 
preparation of large quantities of genistein rendered the full examin- 
ation of its ether of high melting point practically impossible, but it 
appeared likely that its constitution could be settled by the investiga- 
tion of the seemingly analogous luteolin derivative. 

Eor this investigation 30 grams of luteolin were methylated in the 
manner already described* and 2*5 grams of the pure compound were 
obtained melting at 191 — 192°. With alcoholic potash, a potassium 
salt crystallising in fine yellow needles resulted, which was decom- 
posed by water with regeneration of luteolin. 

Previous analyses (Zoc. cit.) gave C=;66’86; 66*92 3 H = 5*71, 5*58 
per cent. 

0*1278 gave 0*2596 Agl. CHg = 12*97. 

^i6H9O3(O-0Hg)3 requires 0-66*66 ; H-5*26 3 OH3- 13*17 per cent. 

The acetyl derivative was again prepared and melted at 175 — 176°, 
a degree higher that previously stated. Analysis showed that it con- 
tained but one acetyl group. 

0*5261 gave 0*4666 Pound 88*69. 

requires — 89*06 per cent. 

So far, therefore, the results accorded with those required by a 
luteolin trimethyl ether, 

It was now decomposed with alcoholic potash at 160°, and the pro- 
ducts separated as described in connection with the triethyl ether (^oc. 
cit\ An acid identified as veratric acid (m. p. 176 — 178°) was thus 
obtained, together with a syrupy phenolic product, which on standing 
crystallised in slender needles. As the small quantity of the latter 
rendered its identification as such doubtful, its azobenzene derivative 
was examined, for in this manner it has been possible to identify the 
phenolic decomposition products of rhamnazin and other ethers of 
this class (Perkin and Allison, Proc., 1900, 16, 181). ' 

Diazobenzene sulphate was added to a solution of the phenol in 
aqueous sodium carbonate, and the orange-red precipitate collected, 
washed, dried, and purified by crystallisation from alcohol. 

0*0574 gave 7*9 c.o. nitrogen at 20° and 748 mm. N =« 15-49. 

C8H303(l!72* 03115)2 requires N=s= 15*47 per cent. 

The disazo-compound was obtained as a spongy mass of orange-red 
needles melting at 198 — 201° and insoluble in cold aqueous alkalis* 

* The yield was not increased by redigesting the product of the reaction with 
further quantities of methyl alcoholic potash and methyl iodide. 
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P’rom the results given below, it is evident that this compound is a 
phloroglucinol derivative; it is not, however, disazobenzenephloro- 
glucinol monomethyl ether (loc, cit.)^ or disazobenzenephloroghicinol 
itself (Trans., 1897, 73, 816), for these substances melt respectively at 
251 — 252° and 228 — 230° From the temperature employed in the 
decomposition of the trimethyl ether, it is evident that the phenol from 
which it was derived contains a methoxy- group, and there is thus a 
strong probability that this compound is 

gludnol monoTmth^l ether ^ Consequently, it is assumed that the methyl 
ether melting at 101 — 192° contains a methyl group in the phloro- 
glucinor nucleus, and is a methylluteoUn trimethyl ether. 

It was interesting, therefore, to examine the colouring matter pro- 
duced by the decomposition of this ether by means of hydriodic acid. 
The operation was carried out in the usual manner, the product 
crystallised from dilute alcohol, and extracted with boiling benzene to 
remove unaltered ether if present. 

01011 gave 0^2373 COg and 0*0428 H^O. 0 = 64*00 ; 4*70. 

requires 0 ~ 64*00 ; H = 4*00 per cent. 


The compound was obtained as glistening leaflets, identical in appear- 
ance and general reactions with luteolin itself. Fused with alkali, it 
yielded a substance having the •phloroglucinol reaction, but as a mere 
trace of the colouring matter was available for the experiment, this 
phenol could not be isolated in a pure condition. It has been shown 
that the trimethyl ether gives veratric acid ; thus the acid product of 
the above decomposition is 

The metyl compound of this colouring matter formed colourless 
needles, sparingly soluble in alcohol, and melted at 239— 240° when 
rapidly heated, and at 235^236° when the operation was conducted 
slowly. This is considerably higher than the melting point of acetyl- 
luteolin found by us (222 — 225°) or by Herzig (221 — 225°), and 
again distinguishes it from luteolin. 

The melting point of methylluteolin is apparently lower than that of 
luteolin (327 — 329°), and is provisionally given at 307 — 309°. As the 
trace available did not admit of recrystallisation, we leave the point 
undecided until a larger specimen is available, although this value is 
probably correct. 


Mme eohhle Product of the Remtion,^l\i has been previously stated 
'^ftrans., 1897, 73, 191) that in addition to the above compound some 
i^^tity of a second is produced by the methylation of luteolin in the 
^^^ ^^..A^scribed.,. From the mother liquors emanating from the puri- 
Jto^thbr of high melting point, this separated on complete 
i^ahtalhed 0^ <X)ncentration. 

f^ the aid of 
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animal charcoal to remove a brown impurity, the product was fraction- 
ally crystallised from benzene. A first deposit consisted of almost 
colourless, warty nodules of the ether of high melting point, but the 
main bulk separated in long needles containing benzene of crystallisa- 
tion, and these were collected apart, recrystallised from benzene, then 
repeatedly from mixtures of alcohol and other solvents, and finally 
from alcohol alone. Thus obtained, the product melted at 157 — 158°, 
and was apparently pure ; subsequently it was observed that by the 
decomposition of its acetyl compound, the regenerated substance 
melted at 161 — 163°. The difficulty of obtaining the compound in 
this condition of purity was remarkable when compared witli the 
comparative facility with which the analogous ethers of genistein are 
separated. Possibly a trace of the methylluteolin trimethyl ether of 
high melting point contaminated the product, although this seems 
to be unlikely judging from the methods adopted. 

0-1202 gave 0-2897 COg and 0*0565 HgO. 0== 65*73] H = 5-22. 

0*1940 „ 0-4180 AgL OH3-I3-75. 

C16H7O3 (0-CH3)3 requires 0 = 65*85 ; H = 4*88] OH3= 13*72 per cent. 

This ether was obtained as glistening, lemon-yellow needles, some- 
what sparingly soluble in alcohol. With alcoholic potash, it gives a 
bright yellow salt in the form of minute needles, soluble in 50 per 
cent, alcohol to form a pale yellow liquid, and is thus more stable in 
the presence of water than the methylluteolin compound. This was 
also evident from the fact that although luteolin trimethyl ether is in- 
soluble in aqueous alkali, it dissolves appreciably in a 50 per cent* 
alcoholic solution of potassium hydroxide. The monoacetyl compound, 
referred to above, formed colourless prisms readily soluble in alcohol 
and melted at 156 — 158° 

0-4536 gave 0*4038 O^gHj^Og. Found 89*02 per cent. 

055Hg03(0*0Hg)3*03H3O requires = 88*65 per cent. 

On decomposition with alcoholic potash, the trimethyl ether gave 
mratric acid, and a syrupy phlorpglucinol derivative which did not 
crystallise on long standing. From the latter, an azobenzene derivative 
was obtained crystallising in orange-red needles melting at 261 — 262°, 
identical with diaazolenxenephloroglucinol monomethyl ether prepared 
previously from quercetin tetramethyl ether. These decomposition 
products prove that this compound is the normal luteolin i/rimethyl ether ^ 
and with this its crystalline appearance and melting point are in 
harmony. 

The luteolin formed by the decomposition of this ether by means of 
hydriodic acid was compared with that prepared from weld itself, 
The latter, purified as abov^ stated by means of its hydrobromido to 
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remove apigenin, was now converted into the sulphate and this 
decomposed, as an extra precaution. The product crystallised in 
needles ; it melted at 327 — 329^, and its acetyl compound at 222 — 225°. 
Luteolin, prepared by a 3 hours digestion of the trimethyl ether, 
crystallised from dilute alcohol in glistening leaflets melting at 
314: — 316°; this was again treated with hydriodic acid for 2 hours, 
and was then obtained as needles. Its acetyl compound melted at 
222 — 225°, and the colouring matter regenerated from this at 
323—326°. The final product separated as a mixture of needles and 
leaflets, and luteolin thus seems to crystallise in two forms. Luteolin 
from weld, after the removal of apigenin, is therefore most probably 
a single substance, for these results show its practical identity 
with the luteolin prepared from the trimethyl ether. Yongerichten 
(Ber,, 1900, 33, 2334) has given the melting point of luteolin 
prepared from its monomethyl ether as 326 — 328°, and in other 
papers, including that by one of us, it has been stated to lie above 
320°. As it appeared^ evident that weld does not contain methyl- 
luteolin, the formation of this compound as its trimethyl ether could 
only be due to the entrance of a methyl into the ring during methyla- 
tion. An attempt to prepare this compound by digesting luteolin 
trimethyl ether (1 gram) dissolved in a solution of potassium hydroxide 
(1 gram) in methyl alcohol with excess of methyl iodide for 2 days 
was unsuccessful, no change of this nature having occurred. Possibly 
the entrance of the methyl into the ring occurs simultaneously with 
the methylation of a hydroxyl group probably adjacent, and cannot be 
effected later, at least in the above manner. It is interesting to note 
that the methylluteolin compound can be obtained from luteolin pre- 
pared from the Genista timtoria {loc, cit)t and is also described by Yon- 
gerichten as obtainable from the luteolin monomethyl other contained 
in parsley {loc, dt), 

Luteolin Dinvethyl Mtlm\ 

It was suggested by one of us that scoparin^ (Trans., 1900, 77, 423) 
is a derivative of a luteolin monomethyl ether, possibly its stable 
glucoside. In the hope of preparing this ether, which should have 
the methoxy-group in the 3' position, the partial methylation of 
luteolin was studied. 

^ * In the preliminary notice on scoparin (Proc., 1899, 16, 123), the investiga- 
tions of Goldschmidt and Hemmelmayr (MmatsTi., 1893, 14 , 202 ; 1894, 16 , 316) 
have been overlooked. The recognition of the presence of a methoxy-group in 
scoparin, and its decomposition into phloroglucinol and acetovanillone, considered 
to he new at the time, thus merely corroborate their work ; although this will be 
^ fully plained in an investigation of scoparin which I hope shortly to com- 

expressing regret to these chemists that the 
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Five grams of luteolia dissolved in a solution of 3 grams of pot- 
assium hydroxide in methyl alcohol were treated with 12 grams of 
methyl iodide and digested at the boiling point for 2 days. A deposit 
separated on cooling, and this was collected, washed with water con- 
taining a little sulphurous acid, then with alcohol, and repeatedly 
recrystallised from the latter solvent until its melting point was 
constant. 

0*1065 gave 0*1656 Agl. CHs-9*92. 

Cj^5HgO4(O'0HQ)2 requires CIIg = 9‘55 per cent. 

This ether formed a glistening mass of almost colourless needles, 
soluble in aqueous alkalis with a pale yellow coloration, and melted 
at 224 — 225°. The yield was small, amounting only to about 8 per 
cent of the luteolin employed, and but little loss was experienced 
during its isolation owing to its sparing solubility in alcohol. It did 
not dye mordanted calico. To determine the position of the methoxy- 
groups in this substance, it was decomposed with alcoholic potash at 
160°. From the products of the reaction, an acid was isolated in the 
form of colourless needles melting at 250°, identical with hovanilUc 
acid. The phenol simultaneously produced was not examined, as the 
fact that methylation can be effected by the method just described 
indicated that the hydroxyl group occupies the para- and not the ortho- 
position relatively to the carbonyl group. It is interesting to note 
that Yongerichten’s methyl ether of luteolin from parsley (loc. cit.) 
has its methoxy-group in the same position (4') as that occupied by 
one of those in the above compound. 

The mother liquors obtained in the purification of the dimethyl 
ether contained a mixture of substances, from which we are not yet 
satisfied that a pure product has been isolated. By fractional crys- 
tallisation from alcohol, an impure monomethyl ether was separated 
(found 0*«64’16 i H«4‘31. O^gll^^Og requires 0«64*00 ; II 4*00 
per cent.), and this on decomposition gave imvanillic acid. As an 
ether yielding in this way not isovanillic but vanillic acid was the 
one desired, the above compound was not closely studied, but fur- 
ther experiment will now be made, as this should prove to bo identical 
with Yongerichten's natural methylluteolin. The residue from the 
above methyl ethers gave shades, notably as regards the iron mor- 
dant, resembling in character although somewhat stronger than those 
given by scoparin. The subject will be further studied when a larger 
quantity of luteolin has been prepared. 
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Decomposition Product of Luteolin* 

When fused with alkali to 170 — 200°, luteolin yields protocatechuic 
acid and phloroglucinol. If the tetrahydroxyflavone constitution 
assigned to it by one of us be correct, an acetophenone derivative, 
if it possesses sufficient stability, should be formed at a lower tempera- 
ture under the conditions of the reaction. In this maimer j for 
instance, chrysih (dihydroxyfllavone) and apigenin (trihydroxyflavone) 
give respectively acetophenone and ^hydroxyacetophenone. Three 
grams o^ luteolin dissolved in 100 c.c. of a 50 per cent, solution of 
potassium hydroxide were digested at the boiling point for about half 
an hour, or until a sample of the solution when neutralised with acid 
deposited only a trace of unaltered colouring matter. The yellow 
liquid was now acidified, extracted with ether, the extract evaporated, 
the residue dissolved in water, treated with excess of sodium hydrogen 
carbonate, and again extracted with ether. On evaporation, an oily 
residue remained which crystallised on standing, and this was re- 
peatedly extracted with boiling benzene. From this solution, the 
bulk of the benzene was removed by distillation, and the crystals 
which separated from the residual liquid on cooling were collected 
and reciystaliised from benzene with the aid of animal charcoal. 

0'0647 gave 01506 OOg and 0‘()327 HgO. 0 = 63-47; H = 6-61. 

0*1103 ,, 0*2555 002 ,, 0*0545 HgO. 0 = 63*17; H = 5*49. 

OgHgOg requires 0 = 63*16 ; H = 5*26 per cent. 

The product was deposited from benzene in needles containing 
benzene of crystallisation; this evaporated at the ordinary tempera- 
ture and the compound then melted at 1 1 4 — 1 1 6°. With aqueous ferric 
chlmdeit gave a deep green liquid, and was decomposed by fused alkali 
at 200° with formation of protocatechuic acid. It was thus identical 
with the acetylcatechol^ GgH 3 ( 0 H[) 2 * 00 * 0 B[g, prepared synthetically by 
Dzerzgowski Puss, Phys. Ghem, /Sbc.,25, 157). The residue insoluble 
in the benzene proved to be phloroglucinol^ and these products con- 
firm the tetrahydroxyflavone constitution, 

0 OH 

^ oo' 

prewosly assigned to luteolin by one of us. . 

feii is interesting to notice that -whereas apigenin (Trans., 1897, 71, 
^^7) has been shown to be hydroxychrysin, the above results indicate 
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Salts of ZuteoUn* 

It was found (Trans., 1899, 75, 433) tliat as a rule phenolic colour- 
ing matters containing two hydroxyls in the ortho-position relatively 
to one another decompose the alkali acetates, forming mono-substitu- 
ted salts. The products then obtained from luteolin in this manner, 
being gelatinous, were not fully examined. Experiments now show 
that if a saturated alcoholic solution of luteolin is treated with potass- 
ium acetate, and then, while boiling, with a few drops of water, a 
crystalline salt separates on cooling. This was collected, washed with 
water, and dried at 1 60°. 

0*4990 gave 0-1340 KgSO^. K- 12*03. 

0*5053 „ 0*1350 K 2 SO 4 . K = 11*97. 

0*6559 decomposed with acid gave 0*5800 Oi 5 HjQOg. 

O^gHgOsK requires K= 12*03 ; 88*27 per cent. 

Monopotassivm luteolin forms fine yellow needles, and is decomposed 
by boiling water with separation of luteolin. It closely resembles the 
corresponding quercetin salt. 

The sodium compound is obtained by employing a dilute alcoholic 
solution of sodium acetate in place of the potassium salt. If crystals 
do not separate on cooling, water is added drop by drop, and the 
mixture boiled after each addition. The product is washed first 
with alcohol, then with water, and finally with alcohol. 

Analyses were made with distinct preparations. 

0*3696 gave 0*0424 NagSO^. Ha-: 3*71. 

0*4968 „ 0-0584 HagSO^. Ha = 3*80. 

C 3 oH ,,0 jgHa requires Ha **3*87 per cent. 

The sodium salt of luteolin is thus analogous to the potassium 
salts of rhamnetin and rhamnazin ciu) as it is a mono -sodium 
derivative of a double molecule of the colouring matter. 

Summary qf Results . 

On methylation, luteolin from weld yields, not only the normal 
trimethyl ether, but a second substance, which is regarded as methyl^ 
luteolin trimebhyl ether. This appears to be produced by the entrance 
of a methyl into the ring of the phloroglueinol nucleus during the 
methylation process, rather than to result from the presence of methyl- 
luteolin (as glucoside) in weld itself, and it is pointed out that luteolin 
from the Genista tinotoria {he, cit.) and luteolin monomethyl ether 
from parsley (Vongerichten, foo. A), also yield this compound* 
By the ethylation of luteolin, Herzig (loo* has found that, in 
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addition to the expected triethyl ether, a tetraethyl . ether is formed 
to some extent, so that, in these respects, this colouring matter be- 
haves analogously to resaoetophenone (Gregor, Monatsh.y 1894, 15, 
437) and /?-resoroylic acid (Trans., 1895, 67, 995). Curiously enough 
also genistein (this vol., p. 1310) forms two similarly constitute di- 
methyl ethers. Other members of the flavone group do not aj^ar 
to possess this property, for, as a general rule, the hydroxyl adjacent 
to the carbonyl group is not., etherified in the ordinary manner of 
working, [although Friedlander (^er., 1897, 30, 2154) speaks of 
a chrysin dimethyl ether received from ticcard for purposes of 
comparison. Although there is little doubt that methylluteolin tri- 
methyl ether has the constitution assigned to it, it is proposed to 
further investigate this substance in the hope of isolating methylphloro* 
glucinol from among its decomposition products. Much luteolxn will 
be necessary for this purpose, and as this is difdcult to prepare, the 
publication of the results may be delayed for some time. The decom- 
position of luteolin into acetylcateehol and phloroglucinol practically 
establishes the tetrahydroxyflavone constitution previously assigned 
to it {loc, cit.). In addition to luteolin, weld contains a trace of apigenin, 
and to this is no doubt due the slightly lower melting point previously 
assigned to acetylluteolin. 

; Clothwoekers’ Ebsearos Laboratory, 

Dybino Department, 

Yorkshire College. 


CXXVIL — Contributions to the Knowledge of Fluorescent 
Compounds. Part I. The Nitro-derivatives of 
Fluorescein. 

By John Thboborb Hewitt and Bryan W. Perkins. 

It is a remarkable fact that whereas the tetrabromo- and tetraiodo- 
derivatives of fluorescein show marked fluorescence in alkaline solutions, 
the corresponding nitro-compound exhibits no trace of this property, 
This fact has already been commented on by Kichard Meyer {ZdU 
Ohem.j 1897, 24, 468) and by one of the authors of the present 
v^mmumcabion (Proc., 1900, 16, 3; Zeit. physikal. OUm.^ 1900, 
Meyer, noticing that tetraiodofluorescein fluoresces less than 
g^^rabromofluorescein, and this, in turn, less than fluorescein itself, would 
been incHned to attribute the decrease in the fluorescence to an 
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increase in the mass of the substituent groups, were it not that an 
alkaline solution of tetranitrofluorescein shows no trace of fluorescence 
whatever^ although NOg — 46, whilst Br=80 and 1 = 127. The view 
put forward by one of the present authors, that in the greater 
number of cases the fluorescence of organic compounds is caused by 
a doubly symmetrical tautomerism, furnishes a satisfactory expira- 
tion of the fluorescence of fluorescein, eosin, and tetraiodofluorescein 
where the only tautomerism possible is indicated in the following 
scheme : 


O O O 



whereas, for a nitro-derivative in which a nitro-group stands in the 
ortho-position relatively to a hydroxyl-group, it is not only possible, but 
indeed probable, that the nitrophenol group itself reacts tautometric- 
ally, producing a salt in which the metal is attached to the nitroxyl, 
and not to the hydroxyl grouping. The sodium salt of tetranitro- 
fluorescein should then possess one of following constitutions ; 




In this case, the configuration would be stable enough to preclude 
tautomerism, due to the opening of the lactone ring, the oxygen of the 
hydroxyl groups having been previously transformed into the quinonoid 
form and sodium ions, thus losing their chance of migrating to the 
carboxyl group of the lactone ring. 

If this view were correct, an exactly similar argument should apply 
to dinitrofluorescein, but although the so-called hydrate of dinitro- 
fluorescein, which gives blue, non-fluorescent, alkaline solutions, has 
been prepared and analysed by von Baeyer (AnnaUrt;^ 1876, 183, 32), 
the anhydrous substance of the formula 02 oH^o(^ 2 ) 2^6 
appear to have been analysed. In purifying dinitrofluorescein, von 
Baeyer acetylated the crude product, recrystallised the diacetyl deriva- 
tive from alcohol or ethyl acetate, and hydrolysed this by boiling with 
a solution of potassium or sodium hydroxide. On precipitation of the 
VOL, LXXVII. 4 X 
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reBuifcing blue solution with an acid, a yellow substance was obtained, 
which, even after recrystallisation, again dissolved in alkalis with a 
blue colour, von Baeyer^s numbers for the compound agreeing with 
those required for the formula O2oHj2(N”O2)2O0. These results we can 
confirm, but by carrying out the hydrolysis of the diacetyl derivative 
with sulphuric acid instead of with an alkali, we have succeeded in 
obtaining the anhydrous dinitrofluorescein; we have also introduced 
various modifications in methods of purification which consid^ably 
simplify the process. 

Although the anhydrous dinitro-derivative of fluorescein has been 
obtained and dissolves in cold alkali with the production of an orange- 
brown solution which evidently contains a salt of a substance of the 
formula the nitro-groups act in the way which might 

be expected from the generally accepted views as to the constitution of, 
salts of nitrophenols, and preclude the double tautomerism required 
for fluorescence which would otherwise result from the opening: of the 
lactone ring. The fact that a solution, even if unstable^ of a 
salt of dinitrofluorescein has been obtained, is of considerable import- 
ance, since we have thus been able to examine a derivative of fluorescein 
which, although still possessing the pyrone ring intact, nevertheless 
shows no fluorescence in alkaline solutions. The real significance of 
this result will be observed when it is stated that not only are the 
usual ^Its of dinitrofluorescein derived from a hydrate, but that in 
the c^e of tetranitrofluorescein it has not been possible to isolate any 
substance other than a hydrate having the formula 
Any arguments which might be drawn from the non-fluorescence of 
the salts of the so-called tetranitrofluorescein are hence invalid. 

Preparation cf J)inUroJluorescein JS^drate . — In the nitration of 
fluorescein, von Baeyer's directions with regard to temperature need 
careful attention. By following his instructions in adding 10 grams of 
fuming nitric acid to 5 grams of fluorescein dissolved in 100 grams of 
concentrated sulphuric acid cooled to 0% and pouring into water imme- 
diately after the last addition of nitric acid has been effected, a bright 
yellow precipitate separates containing very little unaltered fluorescein, 
much of the dinitro-compound, and always some of the tetranitro- 
d^rivative. On the other hand, if the solution is allowed to stand 
overnight, telarahitrofluorescein is practically the only product, as it 
is if iiho temperature is allowed to rise unduly. A very convenient 
n^hc4 separating the tetranit^^ and dinitro-derivatives from one 
k either to digest the mixto^ with a solution of sodium 
^ the w^ precipitate obtained by pouring into 

and then to precipitate the 
~acetic' acid* the solution being allowed to cool 
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before filtering, as the dinitrofluorescein hydrate is fairly soluble in 
hot water. The colour exhibited by an alkaline solution of the residue 
shows that it is an almost pure dinitro-compound ; for most purposes, 
it is merely necessary to recrystallise the substance from hot alcohol, 
whereby small, orange, rhomboidal plates are obtained, which dissolve 
in cold alkali with a beautiful blue colour. The solution, however, 
occasionally shows a slight green fluorescence, due to the presence of 
unattached fiuorescein. If this is the case, it is best to acetylate the 
product with acetic anhydride, and to recrystallise the acetyl derivative 
from glacial acetic acid until a sample gives an alkaline solution from 
which all fluorescence is absent. We confirmed the composition of the 
dinitrofluorescein hydrate so obtained by analysis^: 

0*1393 gave 0*2799 OOg and 0*0336 HgO. 0 = 64*80; H«2'67. 

0*2165 „ 12*1 c.c. moist nitrogen at 15° and 768 mm, N = 6*65. 

^ 20 ^ 12 ^ 10^2 requires 0 = 54*52 ; H = 2*76 ; 17 = 6*38 per cent. 

Diacetyldinitrofluorescein , — On acetylating dinitrofluorescein hydrate> 
water is split off, and the diacetyl derivative of dinitrofluorescein pro- 
duced, This acetyl derivative also results on the acetylation of the 
crude product formed by adding nitric acid to the sulphuric acid solu- 
tion of dinitrofluorescein, as von Baeyer has previously shown, whilst 
naturally it may also be obtained, in better yield and of greater purity, 
by the action of acetic anhydride on the residue left after the crude 
nitration product is extracted with a dilute sodium acetate solution. 
It crystallises in colourless rosettes of needles from glacial acetic acid. 
On analysis : 

0*1729 gave 0*3632 OOg and 0*0450 HgO. C = 57*28 ; H = 2*87, 
^ 24 ^ 14 ^ 11^2 0 = 66*91 ; H = 2*76 per cent. 

When diacetyldinitrofluorescein is boiled continuously for 10 hours 
with a mi^ure of ethyl alcohol and water to which ethy! acetate is 
added to increase its solubility, a yellow solution is obtained from 
which, on evaporation of the ethyl acetate and cooling of the mother 
liquors, small, yellow crystals separate out which partially dissolve in 
hot sodium carbonate or cold sodium hydroxide (a residue of un- 
attacked diacetyl derivative being left) with an orange colour. On 
boiling with caustic soda, a blue colour is produced, as might be 
expected. The substance might be dinitrofluorescein from the colour 
of its solutions, although this is impossible, since the continued boiling 
with ethyl alcohol and water would convert any such compound into 
the hydrate, which dissolves with a blue shade in cold sodium 
hydroxide. Since the diacetyldinitrofluorescein is insoluble in soda^ 
there seems only one possibility left, namely, that water has been 
added on to the substance, and a hydrate of the constitution 

^ 4x2 
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produced. The orange colour of the alkaline solution is precisely 
what might be expected from a nitrophenolic compotnd of this type. 

Tetrasodium Salt qf Dimlai^ofiuwescevit^ Hydrate . — ^When a solution 
of an excess of sodium ethoxide in absolute alcohol is added to a hot 
saturated alcoholic solution of dinitrofluorescein, an orange colour is 
observed changing to blue on the addition of a few drops of water. 
On stirring the solution, a crystalline, purple paste rapidly separates. 
This, when collected and washed with alcohol, was found to contain 
4 atoms of sodium per molecule. 

0-1993 (dried at 115°) gave 0-1061 NagSO^. ITa = 17*04. 

0-2217 (dried at 105°) „ 0*0923 hTaCl. Na« 17*30. 

C2 oB[ 8 ^io^ 2^®'4 ]^a= 17*42 per cent. 

Anhydrom Dinii/rofivmeecem^ 02oH|o(N02)205. — This substance may 
be obtained by heating the diacetyl derivative with five times its 
weight of 80 per cent, sulphuric acid for an hour on the water-bath. 
At first a clear brown solution was obtained, from which on further 
heating a canary precipitate separated, the remainder of the substance 
being thrown out by water. The dinitrofluorescein thus obtained was 
ground up to a fine paste with water, well washed, and finally dried 
at 110° 


0-1347 gave 0-2832 COg and 0-0326 HgO. 0 = 67*33 H = 2-68. 
OgoHioOglSrg requires 0 = 66-80 ; H = 2*39 per cent. 


The substance is sparingly soluble in strong alcbhol, in which it dis- 
solves with a reddish-yellow colour showing no ’fluorescence ; the colour 
becomes somewhat green in shade on addition of a drop of hydrochloric 
acid. On long continued boiling with methylated spirit, it dissolves 
with a red colour and shows no fluorescence, addition of water precipi- 
tating the hydrate. It is somewhat soluble in acetic acid, and fairly 
^ in ethyl acetate, from which it separates in small, radiate aggregates 
qt prisms. It dissolves in cold, dilute sodium hydroxide or in sodium 
carbonate solution with an orange-brown colour ; the solution exhibits* 
uo fiuor^cence. On warming a caustic soda solution, the colour soon 


Changes tp a deep blue, a salt of the hydrate being produced, but the 
q^jange or red s^^ sodium carbonate does not become blue on 


its deriva- 


^^ed; by the f oUowing table : 
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In this scheme, the dotted lines represent changes which have not 
been confirmed by analyses of the products, diacetyldinitrofluorescein 
hydrate not having been isolated in a sufiaciently pure condition for 
the purpose. 

Dibenzoyldinitrojluoresceiny 02oH3(N02)2(00' 03115)205. — ^This sub- 
stance was prepared by boiling 3 grams of dinitrofluorescein with 10 
grams of benzoyl chloride in a reflux apparatus until the evolution of 
hydrogen chloride ceased. The product was then poured into alcohol, 
and stirred until the pasty, substance first precipitated became a brown, 
crystalline powder. This was collected, washed with alcohol, dried, 
and dissolved in boiling ethyl acetate. The solution was decolorised 
as far as possible with animal charcoal, filtered, and absolute alcohol 
added until the liquid began to show turbidity. On standing over- 
night, a glistening, colourless, crystalline powder had separated, 
which, under the microscope, proved to consist of rhomboidal plates, 
the smaller angles of which were about 75° 

0*1 6B6 gave 0’6 c.c» moist nitrogen at 18° and 767 mm. ]Sr»4‘63. 

O34H13Q10N2 requires N w 4^67 per cent. 

The substance dissolves fairly easily in acetone, ethyl acetate, or 
pyridine ; it is only taken up sparingly by benzene and ethyl alcohol. 
Its behaviour towards caustic soda solution corresponds with that of 
the diacetyl derivative, 

Tetr(mitrojflzi^rescem*---ln preparing this compound von Baeyer acted 
on fluorescein with a considerable excess of fuming nitric acid 
[Annakfiy 1876, 183, 33). We have found that by using corresponding 
][uantities for dinitrofluorescein, but allowing the temperature to rise, 
or, preferably, the mixture to stand overnight, a very good yield of 
the tetranitro-derivative is obtained. This is isolated by pouring into 
water, when a pinkish paste separates, this is filtered, washed, and dis- 
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solved in a hot solution of sodium acetate. The solution is of a beautiful 
red colour, and, on cooling, deposits crystals of a sodium salt which, 
on recrystaliisation, separates in small, brilliant red tetrahedra strongly 
resembling , potassium dichromate in appearance. On precipitating 
the hot solution of the above sodium salt with a mineral acid, a pinkish- 
white precipitate is obtained, which, after drying, has the composition 
of a hydrate of tetranitroduorescein. 

OT650 gave 0*2738 002 and O-OSSe HgO. 0- 45*26 ; H-2-26. 

0*1930 „ 18*6 c.c. moist nitrogen at 24^ and 768 mm. F — 10*81. ' 

0*1948 „ 18-Oc.c. „ „ 24° „ 754 mm. ]Sr-10*49. 

^20^10^14^4 0 = 45*28 ; EC = 1*90 ; 10*57 per cent. 

OgoHgOiglsr^ „ 0-46*87; H = l*56; 1^'=10*93 „ 


Von Baeyer does not mention the existence of a hydrate, but certainly 
our hydrate shows exactly the colour changes in alcoholic solution 
which he describes, namely, a yellowish-red colour with a yellowish- 
green fluorescence, the colour becoming reddish-violet on the addition 
of a drop of concentrated hydrochloric acid. Noteworthy is the fact 
that in alkaline solution no fluorescence is observed, which agrees well 
with the hypothesis of the conversion of the nitrophenol group into 
the quinone-isonitro-group on addition of alkali. 


+NaOH 

NOa-O^ 


H2O + 



The analytical numbers obtained by von Baeyer agreed with those 
required for the formula 02(jB[3(N02)405, and not with those for 
O2 ^^Hi 0(NO2)4O^ ; his product was, however, recrystallised from glacial 
acetic acid. It seemed very probable, therefore, that the compound 
^2o®io(^^2)4^e become dehydrated by continued boiling with 
glacial acetic acid, especially since we had found that dinitrofluorescein 
hydrate, under similar conditions, yields a product soluble in alkali 
with an orange colour. We repeated the recrystallisation from acetic 
acid, and on analysing the recrystallised product were astonished to 
find that we were still dealing with the hydrate ; a repetition of the 
experiment gave the same result, although the tetranitrofluorescein 
hydmte was boiled with 60 parts of glaoial acetic acid for at least 10 
hburs. The analyses refer to the two different reorystallised prepara- 
tions. 


^‘1855 0*3096 OOg and 0*0480 HgO. 0 ^ 45*62 ; H - 2 *87. 

^ OO2 „ 0*0306 HgO. 0-45*12; H== 2*47, 



* aJ^ye mentioiied. mnst be looked upon as a derivative 
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0‘4474 air-dried salt lost 0*0870 H2O at 110''. H20«19‘44. 

02oHgOi4N4N*a2,8H20 requires H2O- 20*06 per cent. 

0*3181 anhydrous salt gave 0*0900 NagSO^. Na « 8*12. 

CgoHgOi^lSr^N'ag requires N'a==8’04 percent. 

^20^6^13^4^% » Na“*8*45 ,, 

A barium salt was obtained by boiling tetranitrofluorescein hydrate 
with barium carbonate and water so long as carbon dioxide was 
evolved. The filtered solution deposited small, red crystals on cooling ; 
these contained 4 mols. of water of crystallisation. 

0*3263 gaveO-OSOSHgO and 0*0979 BaSO^.* H20«^9*45 * Ba» 17*69. 

requires H20 = 9*77 ; Ba« 18*62 per cent. 

Acetyl Derimtive.^Y on Baeyer mentions the preparation of an 
acetyl derivative, but gives no analytical data. We have also had 
such a compound in our hands, but also give no analyses, since every 
attempt at a combustion ended with an explosion, even when the sub- 
stance was mixed with copper oxide in a bayonet tube. It is hoped 
that analytical data will eventually be obtained, as it would be of 
interest to , see if closure of the pyrone ring takes place during acetyl- 
ation. 

Gomtitution of tlhc Nitro-dcrimti^s of MuorcBcein. — It will be seen 
from the experimental details communicated in this paper that the 
entry of nitro-groups into the fluorescein molecule in the ortho-posi- 
tions relatively to the hydroxyl groups destroys the fluorescence, 
dinitrofluorescein giving an orange, non-fluorescent solution with 
caustic soda, although this solution readily turns blue on standing or 
heating, the elements of water being added on. This result is of con- 
siderable importance, since any arguments deduced from the non- 
fluorescent character of salts of tetranitrofluorescein are invalidated 
by the fact that this compound has only been obtained in the form of 
a hydrate. t Although there is no probability of dinitrofluorescein 
being other than an o-hitrophenol derivative, it nevertheless seemed 
advisable to determine the orientation of the nitro^^groups if this were 
possible. 

Dinitrofluorescein might equally well have either of the two 
formulsB 

^ "We were unable to obtain more satisfactory numbers for the percentage of 
barium, on account of the explosive nature of the salt 

t The term hyd/raU has been used throughout this paper for the derivatives ob- 
tained by the addition of water to the fluorescein compounds. These substances, 
which really result by the opening of the pyrone-ring, are analogues of phenolphthalein 
audit would be more systematic to give analogous names to them, thusdinitro- 

fluoreacein hydrate should be termed dinitroresorcinol-phthalein, 
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although the latter is, perhaps, slightly more probable, as it avoids so 
much crowding of substituent groups in the ortho-position. We 
endeavoured to settle the point by fusion with alkali, a reaction 
very incompletely studied by von Baeyer (loo, cit,, 32). One of the 
products should be a nitroresorcinol, of which two have been de- 
scribed, ' the 1 : 3 : 4-derivative melting at 115° and the 1:3:2- 
derivative at 85° (Weselsky, Annalen, 1872, 104, 1 ; Monatsh,^ 1880, 
1, 887 ; Flitz, Ber., 1875, 8, 631). 

Five grams of dinitrofluorescein hydrate were dissolved in 20 grams 
of 50 per cent, caustic potash solution and heated in a nickel basin 
until the blue colour had given place to a yellowish-brown shade. 
Daring the fusion, a certain amount of ammonia was evolved. The 
product was dissolved in water and acidified with hydrochloric acid, 
upon which a strong smell of hydrocyanic acid was noticeable. The 
liquid was filtered, the solid residue boiled with water, allowed to cool, 
and filtered, the operation being repeated several times. Nitro- 
resorcinol, if produced during the fusion, should be found in the 
aqueous extract, which was in consequence repeatedly shaken with 
benzene. On distillation of the benzene extract, a small residue was 
obtained which, after two recrystallisations from water, with the 
addition of animal charcoal, gave a sufticient quantity of minute yellow 
crystals for the determination of a melting point. This was found to 
be 114° (uncorr.). 

One point further has to be considered, namely, the position in the 
molecule where water is added on in the production of the so-called 
hydrates. In 1876, von Baeyer assumed that, in the production of 
fluorescein, oxide or ether formation took place between hydroxyl 
groups of the two resorcinol molecules, which condense with one 
molecule of phthalic anhydride. On the conversion of a fluorescein 
compound into a hydrate, this oxygen atom was supposed to 
take up a molecule of water, the change being represented by the 
equation . 


OTb^itutipn of the lactone for the diketonic formula for 
seems to have arisen that water was added to the 



KTOWLEDGE OF FLTJORESCENT COMPOUNDS* PART I. 1333 

lactone group. For example, in Beilstein's Mandbuch (2te Aufl, Bd. IL, 
1296) dinitrofluorescein is formulated as 

O[CeH2(NO2)OH]2C(OH)^0eH4-COjjH. 

Such an expression seems to us to be untenable ; in its place we would 
substitute a formula in which the addition of water resulted in the 
splitting of the pyrone ring in the following manner : 


0 




The grounds on which this new is based are as follows. 

1, Fluorescein itself is very stable towards alkali, the tetrabromo- 
derivative takes up water more easily than fluorescein, whilst with di- 
nitrofluorescein the hydrate is the stable form and with tetranitro- 
fluorescein the hydrabe is the only form we have so far been able to isolate. 
Negative groups introduced into a benzene nucleus are known to 
influence other groups in the same nucleus and especially when the 
substituents are in ortho- or para-positions relatively to one another. 
That the negative groups should influence the extranucleal lactone 
ring, however, is, so far as we are aware, without analogy. 

2. The pyrone ring of fluorescein is evidently weakened by the intro- 
duction of nitro-groups as shown by the fact that an acridine derivative 
results when dinitrofluorescein is treated with cold ammonia solution 
(Reverdin, 1897, 30, 332). 

3. The blue colour of the solution of dinitrofluorescein hydrate in 
alkali is not dissimilar to the colour exhibited by the phthaleins ; at 
any mte, it resembles this far more than the red or brown solutions 
produced when fluorescein or fluorone derivatives are dissolved in an 
alkali. This argument does not lose in weight by the fact that dinitro- 
fluorescein itself dissolves in cold alkali with an orange shade. 

4, The formation of a tetra-sodium salt from dinitrofluorescein hydrate 
affords fairly conclusive evidence in favour of this view ; had the lac- 
tone ring been opened a trisodiupa salt would be expected, as is 
shown on consideration of the two possible formulae ; 
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As a result of tMs work the conclusion may be drawn that the 
introduction of nitro-groups into the fluorescein molecule in the ortho- 
position relatively to the hydroxyl groups prevents fluorescence in 
alkaline solutions, owing to the usual phenol-lactone and quinonoid- 
carboxylic acid tantomerism of fluorescein being inhibited by a 
secondary tautomerism between the nitro- and phenolic hydroxyl 
groups. At the same time, the pyrone ring is so mttoh weakened that 
water is readily added on with production of a true phthalein. 

East Lokdoit' Tbohnioai OoM-xoE. 
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^^^g-v^^^RKiN, and Yates),, P., 

froln the fusion 
^»i|:lM 6 ffdi!Oxysteric Acid with 'pot- 
Pv, 1900, 91.- , • 


Acids from ethyl cyanoacotate, method 
of separating the cis and trans* 
modifications of (Thorpe), T., 934 ; 
P., 1900, 114. . 

, fatty, determination of the constitu- 
tion of (Crosslky and Le Sueur), 
T., 83 ; P., 1899, 226. 
dibasic, dissociation constants of 
(Walker), T., 397. 
inorganic, weak, dissociation con-, 
stahts of (WAuxer and Cormaok}*’ 
T., 6 ; P., 1899, 208. 
organic, oxidation of, in presence of 
ferrous salts (Fenton and Jones), 
T., 69 ; P., 1899, 224. 

Aconite alkaloids (Dunstan and Read), 
T., 45 ; P., 1899, 206. 

Aconitim NapeUus^ comparison of the 

- properties of the alkaloids from, with 
those from Japanese aconite (Dunstan 
and Read), T., 63. 

Acroses, o- and jS-, from glycollio alde- 
hyde (Jackson), T., 129 ; P., 1899, 
238. 

Address, presidential (Thorpe)? 

556 ; P., 1900, 77. 

Aldehydes, compoimds of, with iso- 
. cyanides (Wade), 1900, 167. 
aromatic, condensation of, with azodi- 
carbainide (Young and Y’’iTHAM), 
T., 224; P., 1900, 6. 
action of, on derivatives of g-naphth- 
ylamine (Morgan), T., 1210 ; 
P.,1900, 171. 

Aldehydo-o-aminobenzoic acid, phenyl- 
hydrazone and semicarbazoue of 
(Elliott), T., 214; P., 1899, 

248. 

Alkali nitrites, colour of (DiVBRs), P., 
1900, 40. 

Alkalis, action of iodine on (Taylor), 
T„ 726; P., 1900, 70: 

Alkaloids of Japanese aconite and of 
Acmiikim Napellm^ comparison of 
properties of (Dunstan and Read), 

of jaborandi leaves (JowETT), T,, 473 ; 
P,, 1900, 49. 

Alkyl iodides and dry silver oxitle, 
alkylation by means of (Lander), 
T., 736 ; P., 1900, 6, 90. 
action of, on muinuric iodide-sulph- 
ides of the fatty scries (Smii.es), , 

, T,, 160; P., 1899, 240. 
compounds of,. ,■ with . zwcyanidcs 
(Wade), P., 1900, 157. 

Alkylation by means of dry silver oxide* 
and alkyl haloids (Lander), T., 729 ; 
P., 1900, 6, 90. ' 

Aluminium chloride, action of, on cam- 
phoric anhydride (Lees and Per- 
kin)^ P , 1900, 18, 



INDEX OP SUBJECTS. 


1345 


Amarine and woAmarine, constitution 
of (Japp and Mom), T., 608 ; P., 

1899, 211, 227 ; 1900, 15. 

Amarine, racemic and optically ‘active 

forms of (Snape), T., 77S ; P., 1899, 
228 ; 1900, 118. 

Amides, action of dry silver oxide and 
alkyl iodides on (Lander), T., 736 ; 
P., 1900, 6, 90. 

Amidosulphite, formation and decom- 
position of (Divers and Ogawa), T. , 
327 ; P., 1900, 38. 

Amidosnlplinric add, production of 
(DivervS and Haga), T., 978; P., 

1900, 147. 

Ammonia, spectra of (Hartley and 
Dobbie), T., 318 ; P., 1900, 14. 
electrolysis of. (Szarvasy), T 604 ; 

P., 1900, 3. 

solubility of a(jueoiis, in potassium car- 
bonate solution (Newth), T., 775 ; 
P.,1900, 87. 

distxibution of, between chloroform and 
water (Dawson and MoCrae), T., 
1242; P., 1900, 172. 
action of dry sulphur dioxide on dry 
(Divers and Ogawa), T., 327 ; 

1900, 38; (Divers), 1900, 
104. 

influence of, on the action of nitrifying 
organisms (Warington), P., 1900, 
66 . 

Ammonium hydroximidosulphate, pro- 
duction of (Divers and Haga), T., 
689; P., 1900, 71. 

thiosulphate, preparation of, and action 
of heat on (Divers and Ogawa), 
T., 835; 1900, 39. 

amidosnlphite, fomation and decom- 
position of (Divers and Ogawa), 
T., 237 ; P., 1900, 38, 

: Imidosulphite (Divers and Ogawa), 
E, 1900, 113. 

|)repamtion of, and action 
of heat on (Divers and Ogawa), 
T., 836 ; P., 1900, 39. 
trithionate, preparation of, and action 
of heat on (Divers and Ogaw'a), 
T., 336; P., 1900, 39. 

Ammonium organic compounds 

Ammonium oyanate, solid, preparation 
and properties of (Walker and 
Wood), T., 21; P., 1899, 209. 
cyanates, substituted, transformation 
of (Walker and Wood), T., 33; 
P., 1899, 209. 

*'Amyl sulphide-mercuric iodide (Smiles), 
T., 164.; P„ 1899, 240. 

tsoAmylcitraconic acid (Lawrence), 
P., 1900, 166. 

wfoAmylsucoinio acid, molting point of 
(Lawrence), P., 1900, 166, 


Anhydro-bases, and their azo- deriva- 
tives, constitution of (Meldola and 
Eynon), T., 1170 ; P., 1900, 166. 

iS-Anhydrohomocamphoronic acid (Lac- 
worth and Chapman), T., 453 ; P., 
1900, 67. 

Anhydro-a>-pentamethylenetricarb- 
oxylio acid (Bottom LEY and Perkin), 
T., 304; P., 1900, 16. 

Anilides, action of hypoohlorous and 
hypobromous acids on (Chattaway 
and Orton), T., 134, 789, 797 ; P., 
1899, 232; P., 1900, 102, 112; 
(Chattaway, Orton, and PIxjrt-’ 
ley), T., 800 ; 1900, 125 ; (Arm- 

strong), T., 1047 ; P., 1900, 160, 
substitution in (Armstrong), T., 
1047 ; P., 1900, 160. 

Aniline and its hydrochloride, electro- 
lysis of fused mixtures of (Szar- 
vasy), T., 208 ; P., 1899, 194. 
nieta-suli>honation of (Armstrong and 
Berry), P., 1900, 159. 

Anilinoinduline, Bg, 4, electrolytic pre- 
paration of (Szarvasy), T., 207 ; P., 

1899, 194. 

Anisidine, c^niitro-, diazotisation of 
(Meldola and Wechslbr), T., 1172 ; 
P., 1900, 167. 

Annual General Meeting, T., 666; P., 

1900, 77. 

Anthranilio acid mld)^ 

action of chloroform and, ^potash on 
(Elliott), T., 213 ; P., 1899, 243. 

Apigenin and Apiin, action of nitric 
acid on (Perkin), T., 416; P,, 
1900, 44. 

Apigetrin, and nitro- (Perkin), T., 420; 
P., 1900,45. 

ArctostaphyloH Cha^ursif constituents of 
(Perkin), T., 424 ; P., 1900, 45. 

Arsenic, new sulphide of (AsyS) 

• (SooTT), T., 651 ; P., 1900, 89. 

Atmospheric air, estimation of carbon 
dioxide in (Walker), T., 1110 ;'P., 
1900,164. 

Ato3nio weight of nitrogen (Dean), T., 
117; P., 1899, 213. 

AzineSj formation of, by the decompo- 
sition of semioarbozonos (Kifpino), 
P., 1900, 64; (Young and Witham), 
P., 1900, 78. 

Azo-compounds dilferentiated from hydr- 
azone compounds by bromine (Arm- 
strong), P., 1899, 243. 

Azodioarbamide, condensation of, with 
aromatic aldehydes (Young and 
Witham), T., 224 ; P., 1900, 5. 

Azoimlde, electrolysis of (Szarvasy), 
T., 606; P., 1900, 3. 
dissociation constant of (West), T.* 
705; ?., 1900, 74. 
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Azophenine, electrolytic preparation of 
(SiiARYASY), T., 207j P., 1899, 194. 


B. 


Balance Slieet of tlie Chemical Society, 
March, 1900, and of the Kesearoh 
Fund, March, 1900, See Annual 
General Meeting, T,, B88. 

Barium chlorate, decomposition products 
of (SoDEAU), 187; P„ 1899, 
167. 

' hydroximidosulph ate, productioh of 
(UiVEKS and Haga), T,, 690 j P,, 
1900,71. 

Benzah. See Benzylidene-. 

Benzaldehyde, action of, on etlxyhjS- 
naphthylamine (Morgan), T., 1210 ; 
P., 1900, 171. 

action of dry silver oxide and ethyl 
iodide on (Lander), 1\, 746. 

Benzaldoximes, anii- and si/Ji-, curves of 
the molecular vibrations of (Hartley 
and Bobbie), T., 509 ; P., 1900, 58. 

Benzamide, action of dry silver oxide 
and ethyl iodide on (Lander) T., 
736 ;P., 1900, 6. 

Acrachloride, preparation and proper- 
ties of (Matthews), T., 1276 ; P., 
1900, 176. 

Benzamidine, condensation of, with the 
ethyl esters of acetylenedicarboxylic 
, and chlorofumaric acids (Rdhemann 
and Stapleton), T., 809 ; P,, 1900, 
122 . 


action of, on ethyl phenylpropiolate 
(Ruhemann and Stapleton), T.,, 
239 ; P., 1900, 11. 

Benzanilide (Silberrad), T., 1191. 
o-hromo* and -chloro-, nitrogen brom- 
ides and chlorides from (Chattaway 
and Orton), T., 800. 

Benzene, refraction and magnetic rota- 
tion of (Perkin), T., 267; P., 1899, 
237. 

chloro-, ^^^rachlorido, preparation of 
(Matthews), T,, 1276 ; P., 1900, 

. 176. . 


; Benzeneazo-o*<dihromophenol, its acyl de- 
i;. ifivatives and ethyl ether (Hewitt 
md Aston), T., 712 ; P., 1900, 

■ is acyl. derivatives and 
Hewot and Aston), 
1900,181. 

B-amphthylamine, p- 

D^e^, preparation, 
wefene of, and its 
derivatives 


Benzeneazophenol, bromination of 
(Hewitt and Aston), T., 712, 810 ; 
P., 1900, 89, 131. 

nitration of (Hewitt), T., 99; P., 
1899, 229. 

Benzeneazophenol, i?*nitro- and its acetyl 
and benzoyl derivatives, and n-amino-j 
and its acetyl derivatives (Meldola 
and WiLLlAm), P. , 1899, 196. 

Benzene^o*disu]||^^0'a^^ its salts 
%txd ■■■rderiYaidxres'. 

Kapper), P., 1900, 160. 

Benzenoid hydrocarbons, refractive and 
magnetic rotation of (Perkin), T., 
267 ; P., 1899, 237. 

Benzoic acid, oxidation of, in presence 
of ferrous salts (Fenton and Jones), 
T., 76 ; P., 1899, 224. 

7i&«^schloride, prepaintion of (Mat- 
thews), T., 1276; 1900, 176. 

Benzoic acid, o-amino-. See Anthranilic 
acid. 

w-nitro-, ethyl ester, chloro- and 
bromo-imide of (Stieglitz and 
Slosson), P. , 1900, 2. 

Benzoic chloride, action of, on 5-8:6-di- 
methyldihydrotetraziue (Silberrad), 
T., 1186; P., 1900, 169. 

Benzoin, action of dry silver oxide and 
alkyl iodides on (Lander), T., 733 ; 
P., 1900,6,90, 

Benzonitrile todohloride, preparation 
and properties of (Matthews), T., 
1273 ; P., 1900, 176. 

BenzO" 7 -pyrone and its carboxylic acid 
(Ruhemann and Stapleton), T., 
1180; P., 1900, 168. 

Benzoylacetic acid (Ruhemann and 
Stapleton), T., 1180 ; P., 1900, 
168. 

Benzoyldconitio acid, ethyl ester of 
(Ruhemann and Stapleton), T., 
804 ; P., 1900, 121. 

Benzoyl-i/“dxh0nzyl-4-diplienylethylene- 
diamine dihmiylmmHm *') (Japp 
and Moiii), T., 608 ; P., 1899, 
211 . 

Bem^oyW-dimethyl- and -^-diethyl- »-di- 
phenylethylenediamine ( “ dvmcihul* ” 
and ^^diethyl-mmrim”) (Japp and 
Moir),T,, 608; P.,1899, 2X1. 

art-Benzoylphenylhydrazide, action of 
heat on (Silberkad), T., 1190; P., 
1900, 169. 

Benzylanilinesxuphonic acids (Smed- 
ley), P., 1900, 160. 

Benzylideneazine, formation of (Young 
and YTitham), P., 1900, 73. 

Benzylidenehydantoin and Benzylidene- 
imino- and -thio-hydantoin (Ruhe- 
mann and Stapleton), T., 241 ; P. 
1900, 12. 
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Beazylidejie-2-naplitliylamiiie, 1 -bromo- 
aiid 1-chloro-, and their hydrocyanides 
and 0 - and jt?-nitro -derivatives (Mor- 
gan), T., 1216 j P., 1900, 171. 

Benzylideneneobomylamine ( For ster 
and Hart-Smith), T., 1157 ; P., 
1900, 166, 

Benzylidenephenylhydrazone (Mor- 
gan), T., 1210. 

Benzylidenesemicarbazone, oxidation of 
(Young and With am), T., 226; P., 
1900, 5. 

Bismuth sulphates (Apie), P., 1899, 226. 

Boric acid, dissociation constant of 
(Walker and Oormaok), T., 16 ; 
1899, 208. ^ 

Bomylamine Vkilfs, and their molecular 
rotation (Forster and Hart-Smith), 
T., 1152 ; P., 1900, 166. 

iS-Bomylhydroxylamine (l-hydros&yl- 
aminomnphmie) (Forster), T., 255 ; 
P., 1900, 14. 

Bomyloxamide (Forster and Hart- 
Smith), T., 1155; P., 1900, 166. 

Brazilin (Gilbody and Perkin), P., 
1899, 241. 

constitution of (Gilbody, Perkin; 
and Yates), P., 1900, 107. 

Butanedicarboxylic acids. See ; — 
Diraethylsuccinic acid, 

, Methylglutaric acids. 

c 2 /c?oButanedicarhoxylic acid (cis-^c^m- 
methylmcA , : Z-dicarlotiefylio acid), 
formation of (Bottomley and Per- 
kin), T., 806 ; J>., 1900, 16. 

Btttanetetracarboxylic acid, 
bromo-, ethyl ester (Lean), T., 103 ; 
P„ 1899, 197. 

w-Butyl isocyanide (Wade), P., 1900, 
157. 

^scButylbenzene, preparation and pro- 
l^es^of (Perkin), T., 268 ; P., 

isoBntyiio acid, ot-bromo-, ethyl ester, 
-conaensatio^ of, with ethyl malonates 
and ethyl cyanoacetates (Lawrence), 
P,, 1900, 164. 


0 , 

Cadmium iodide, combination of, with 
ammonia in aqueous solution (Daw-* 
SON and MoCrae), T., 1246 ; P., 1900, 
178. 

Calcium chloride, combination of, with 
ammonia in aqueous solution (Daw- 
son and MoCrae), T., 1249 : P., 
1900, 178. 

hydroximidosulphate, production of 
(Divers and Haga), T., 690; P., 
1900, 71. 


I Camphane, 1-nitro-, ;/*-nitro- and its 
potassium and benzoyl derivatives, 
Iri'-bromonitro-, l;l-chloronitro-, and 
l:l-iodonitro- (Forster), T., 251 ; P., 
1900, 13. 

Camphanic acid, iaomeride of (Perkin 
and Thorpe), P., 1900, 162. 

t^*-Campholactone and its isomeride 
(Lees and Perkin), P., 1900, 18. 

Campholide, a-bromo-, its formula and 
hydrolysis (Lapworth and Chap- 
man), T., 446 ; P., 1900, 56. 
i^'ibromo- (Lapworth and Chapman), 
T., 310 ; P., 1900, 4. 

Gampholytic acid and its stereoisomerido, 
reactions and structure of (Walker 
and CoRMACK), T., 374 ; P., 1900, 68. 

Camphonic acid, its oxime, semicarb- 
azone, and phenylhydrazones, and 
action of bromine and of hydrogen 
cyanide on (Lapworth and Chap- 
man), T., 446 ; P., 1900, 66. 

Camphonolactone, mo7io- and ^ri-bromo- 
(Lapworth and Chapman), T., 446 ; 
P.,1900,56. 

Camphononic acid, formation of (Lap- 
worth), T., 1070. 

action of bromine and hydrogen 
cyanide on, and its oxime (Lap- 
worth and Chapman), T,, 462 ; 
P., 1900, 67. 

Camphopyric acid and anhydride, 
bromo-derivatives of (Gardner), P., 
1900, 46. 

Camphor, constitution of (Lapworth), 
T., 1063; P., 1900, 128. 
vapour pressure of (Allen), T., 418 ; 

1899, 136, 

Camphor, a-ciliibromo-, action of fuminff 
nitric acid on (Lapworth’ and 
Chapman), T., 309 ; 1900, 4. 

«o'-bromonitro- (Lapworth and 
Chapman), T., 310 ; P., 1900, 4. 
cyano-, and its chloro- and bromo- 
derivatives and their hydrolysis 
(Lapworth), T,, 1068; 1900, 

128. 

Camphoreuic acid, bromo-, formula of 
(Lapworth and Chapman), T., 446 ; 
P„ 1900, 66. 

Camphoric acid, constitution of 
(Walker), T., 390; P., 1900, 60, 
experiments on the synthesis of 
(Perkin and Thorpe), 1900, 
162. 

LisoCamphorio acid and its ethyl esters 
(Walker and Wood), T., 883; 
1900,69. 

Camphoric acids, oonhguration of 
(WALKER and Wood), T., 383 ; P„ 
1900, 59 ; (Walker), T., 896 ; 
1900, 61. , 
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Camphoric anhydride, action of alumin- 
ium chloride on (Lkes and Perkin), 
P., 1900, 18. 

Camphoronio acid, formation of (Lap- 
worth), T., 1071, 

Oamphoroximeaoetio acid and its sodium 
and bornylamine salts (FoBS'riSR and 
Hart-Smith), a\, 1154; P., 1900, 
160. 

Cane-augfar. See Sucrose. 

Carhamide rate of formaidou 6f, 

from solid . ammonium oyanate 
("Walker , and "Wood), ’t., 85 ;' 
1899, 209. 

Carhohydratea, action of hydrogen 
peroxide oft, in presence of ferrotis 
salts (Morrell and Crofts), T. , 1219 ; 
P., 1900, 171. 

Oarhon mo^ioxide {cwrhonic oxide) and 
, . oxygen, influence of the nascent 
state on the conibination of dry 
(Russell), T., 361; P., 1900, 
42, 

if'ioxide {earhonie anhydride), dissocia- 
tion constant of (Walker and 
Cormaok), T,, 8; P., 1899, 
208, 

estimation of, in the atmosphere 
(Walker), T., 1110 ; P., 1900, 
164, 

<f^sulphide, estimation of (Russell), 
T,, 859; P., 1900, 41. 

Carbonyl: sulphide, estimation of (Rus- 
sell)^ T,, 356 ; P., 1900, 41. 
Oatecholaoetic acid {o-hydroxyphen- 
oxmcetic adaS), and its ethyl ester, 
/anhydride and anilide (Carter and 
Lawrence), T., 1222 ; P., 1900, 
152. , . 


Chemical consiitution and fluorescence 
' (HmwiTT and Perkins), T., 1324 ; 
P., 1900, 178; (Hewitt), P., 
1900, 3. 

6 ( 5 [iulibnum between hydrogen per- 
oxide*^ and persulphuric acid** 
(Lowry and West), T., 955 ; P., 


1900^ 127, 

(Sicmietty, promss of, in Great Britain 
,and Ireland during the 19tb century 
. (TnoRPi)/T., 562, 

CMcrates, decomposition of (Sodeau), 
rgi:,, 717; P., 1899, 167; 1900, 

evolution of, ft*om chlorates 

;in rain-water colleoted^at^ 
^.(SlNoa), T., 1271; r., 

' of -.(ilAROH- " 

loso ; 



Chrysoidine hydrochloride, bromo- 
and chloro- (M^oroan), T., 1205 ; P., 
1900, 170. 

Chrysoidinesulphonio acid, chloro- and 
bromo-, potassium salts of (Morgan), 
T., 1206. 

Cinnamal-. See Cinnamylideno-. 

0innamyUdene"2-naphthylamine, 1- 
bromo- and 1-obloro-, and their hydro- 
■■ ■■cyanito l/'P., 

•./ ^ lOOOjjt''' V'i'-- V ' '■ . 

Oin^ai^udeheaWbarb^bhb, oxl^ 
of (YouNa and WiTHAM), 1?., 230 ; :K, 
1900,5. 

Citrazinic acid, constitution of (Sell and 
Dootson), T., 233 ; P., 1900, 9. 

Cobalt nitrite, double potassium and 
sodium salt of (Alie and Wool), T., 
1076; P., 1900, 17. 
oxides, hydrated, green- and buif- 
coloured (Hartley), P., 1899, 202. 
potassiimi sulphate (Mallet), T., 
222; P., 1899, 227. 

Colour of alkali nitrites (Divers), P., 
1900, 40. 

Colouring matters of Arctostaphylos Urn- 
%T8i, Goriana tnyrtifoUa, Ilmm- 
toxylon eampeoMamm, Myrica Gale, 
Hhus Miiopvimii and Mohinia Pseud- 
acacia (Perkin), T., 423 ; P., 1900, 
45. 

of chlorophyll and their spectra 
(Marchlewski and Sohunok), T., 
1080 ; P., 1900, 148. 

Copper, heat of combination of, with 
zinc (Baker), P., 1899, 196. 

Copper chloride, combination of, with 
ammonia in aqueous solution (Daw- 
son and MoCrae), T., 1246 ; P., 
1900, 172. 

oxide, combination of,- with ammonia 
in aqueous solution (Dawson and 
MoOrae), T., 1255; P., 1900, 
178. 

sulphate, combination of, with ammo- 
nia in aqueous solution (Dawson 
and MoOrae), T.,a243 ; P., 1900, 
172 . 

reaction of solutions of, with mag- 
nesium, iron, or zinc (Oaven), 
P., 1899, 232. 

sulphovanadite. See Sulvanito. 

Coriaria myrtifolia, constituents of 
(Perkin), T-, 428; P., 1900, 46. 

Cresols, 0 -, w-, and i-, condensation of, 

, with ethyl phenylpropiolate (RtrHE- 
MANN and Bellow), 984, 1119 ; 
P., 1900, 123, 166. 

Cresoxy-. See Tolyloxy-. 

Critical constants of dhVopropyl and 
difsobutyl (YouNa and Fortet), T., 

: 1126iP., 1900, 166. 
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Critical constants of ^t-octane (Yoitnq), 
T., 1145 ; P., 1900, 166, 

Grotonic acid, ethyl eater, condensation 
of, with ethyl oxalate (Lapwotith), 
P., 1900, 132. 

Crystallography of d- and ^wcamarine 
(PoPB), T., 787 ; P., 1900, 118. 

i//-Ctuuene {\\Z:^4ricthylbcnzene)i refrac- 
tion and magnetic rotation of (Per- 
kin), T., 267 ; P., 1899, 237. 

Cuininylidene-2-naphthylairiine, 1- 

broino-and 1-chloro-, and their hydro- 
cyanides (Morgan), T., 1216; P., 
1900,171. . 

^'^oCyanides, compounds of, with alde- 
hydes and alkyl iodides (Wade), P., 
1900,167. 

Cymene re- 

fraction and magnetic rotation of 
(Perkin), T., 267 ; P., 1899, 237. 


D. 

Behydracetic acid (Collie), T., 971 
P., 1900,147. 

Behydrocamphorio acid, formation and 
oxidation of (Lapwohth), T,, 1066 ; 
P„ 1900. 128. 

Bensity of the halogens, nitrogen and 
oxygen at their boiling ; points 
(Dritgman and Kamsay), T., 1228; 
?,, 1900 ^ 172 . 

Beoxybenzoia beazylideneaiiiliiies and 
their hydroohlorides, isomeric (Fran- 
cis), T., 1191 ; P., 1900, 169, 

Beoxymorphiae (ScHRYVER and Lees), 
T., 1024 ; P., 1900, 143. 

Bextrose {(i--glmo8e, grape ^i^ar\ action 
of potassium persulphate on (Morrell 
and Crofts), T., 1220 ; P., 1900, 172. 

Biaoetylacetoae, action of methyl iodide 

' OB the sodium derivative of, and 
oi^ol derivatives h*om (Collie and 
Steele)*' 19(W, 146. 

Biaoetyrltartario aold, dietnyl ester, 

' rotation of (MoCRAxand Patterson), 
T., 1098 ; 1900, 161. 

Biacylataarlaes, constitution of (Japp 
and Moir), T., 632 ; P., 1899, 212. 

Bialkylamaroaium salts, ooiistitution of 
(Japp and Moir), T., 616 ; P., 1699, 
212 . 

BiaEOSalicjrlio acid and chloride and 
sulphomc acid (Afden), P., 1899, 
28L , ' 

Biazotisatioa, elimination of a nitro- 
group during (Meldola and Weoh- 

: SLBR), T,, 1172 ; P., 1900, 167. 

Bibeazoyl-s-dibeazyl-i-dipheaylethyl- 
eaediaadae (Japp and Moir), T;, 
608; P. ,1899, 211. 


s-Bibenzoyl-'i-diphenylethylenediamme 
(Japp and Moir), T., 611 ; ?., 1899, 
211 . 

s-Bibenzoylhydrazide (Silbbrkad), T., 
1186 ; P., 1900, 169. 

Bibenzoylsucoinic acid, ethyl esters, 
absorption curves of (Hartley and 
Bob 13 IE), T., 498 ; P., 1900, 57. 

Bibenzyl sulphide-mercuric iodide 
(Smiles), T., 164 ; P., 1899, 240. 

“Bibenzylamarine.” See Benzoyl-s- 
dibenzyl-i-diphenylethylenediamine, 

s-Bibenzyl-'i-diphenylethyleaediamine 
(Japp and Mom), T., 610 ; 1899, 

211 . 

Bibenzyl ketone benzylideneanilines 
and their hydrochlorides, isomeric 
(Francis), T., 1191 ; P., 1900, 169, 

Bibenzyllophoninm chloride (Japp and 
Moir), T., 614 ; P., 1899, 212. 

Bibenzyl-jS-naphthylaniine, and the 
action of formaldehyde on (Morgan), 
T., 825; P., 1900* 181. 

Bibomyloxamide (Forster and Hart- 
Smitii), T., 1162 ; P., 1900, 166. 

Bitsobutyi. See Octane. 

s-Bi'i^obtityrlsaccinic acids, cts- and tmm-^ 
preparation and dissociation constants 
of (Bone and Sprankling), T., 1299 ; 
P., 1900, 184. 

Biethyl sulphide-merourio iodide 
(Smiles), T., 164 ; P., 1899, 240. 

2:9'-Biethyl^^iamino-l;l'-dinaphthyP 
methane, and its dibenzoyl deriva- 
tive (Morgan), T.* 827 r P., 1900, 
181. 

Biethyl-a- and -iS-naphthylamines, and 
the action of formaldehyde on (Mor- 
gan), T., 823 ; P.* 1900, 131. 

Biethyltetrahydro-i8-naphthylamine, 
action of formaldehyde on (Morgan). 
T., 824. 

BihydroxybntanetetraoarboxyUo acid, 
and its S-lactone (Lean), T., 104, 
108; P., 1899,197. 

Bihydrdxylamine derivatives, non-exist- 
enoe of (Divers and Haga), T., 437 ; 
P.,1900,64. 

Bihydroxylaminesnlphonates, non- 
existence of (Divers and Haga), T., 
437 ; P., 1900, 64. 

2i6-Bihydroxy5yridine-4-oarboxyUc 
acid. See Citrazinio acid. 
2;0-Bihydroxypyridine‘9;4-dicarboxylio 
acid, ethyl ester (Edhemann and 
Stapleton), T., 243 ; 1900, 12. 

Bihydroxystbario acid, action of fused 
potash on (Le Sueur), P. , 1900, 91. 

Bimethyl sulphide-mercuric iodide 
(Smiles), T., 164; 1899, 240. 

** Bimethylamarine. » ^ See Benzoy I-«- 
dimothyl-vdiphenylethylonediammA 
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aa>I)imetliyl-ai-woamylsucoixiio acid, pre- 
pai'ation and dissociation constant of 
(Bone and Sprankling), T., 1806 ; 
P., 1900, 184. 

Bimetliylbutanetrioarboxylio acid, ethyl 
ester, action of sodium and methyl 
iodide on (Peukin and Thorpe), P., 
1900, 162. 

act-Bimethyl-ai-i-w'butylsuccinic acid, 
and its a’-oyano-derivative (Law- 
rence), P., 1900, 156. 
preparation and dissociation oohstant 
of (Bone and Speanklinq), T., 
1304 ; P. , 1900, 184. . 

Dimethyldiacetylacetone (Collie and 
Steele), T., 961.; P., 1900, 146. 

s-Z :6-Duaetliyldiliydro-l :2:4:6-tetrazine 
and the action of heat and of benzoic 
chloride on (Silberead), T., 1185 ; 

1900, 169. 

ttrt-i)imetliyl-ai-ethylsucoinic acid, pre- 
paration and dissociation constant of 
(Bone and Sprankling), T., 1305; 
P., 1900, 184. 

Dimethylethylsulphine iodide mercuric 
iodide (Smiles), T., 162, 167; P., 
1899, 240. 

aa'-Dimethylglutaric acids (pentane- 
dicarboxylic acids) (Thorpe), T., 933 ; 
(Howles, Thorpe, Uball, and 
Neale), T.; 948 ; P., 1900, 116. 

^^-Bimethylglutaric acid (pCTUane- 
dicarboxylic acid), aa'-dJfbromo-, ethyl 
ester, condensation of, with ethyl 
sodiomalonate (Perkin, Thorpe, and 
Walker), P., 1900, 149. 

Bimethylc^c^ohexaneoarboxylic acid 
(hexmydroxylic acid) and its isomer- 
ide (Lees and Perkin), P., 1900, 
20 . 

Bitnethyl-a- and -^-naphthylamines 
and the action of formaldehyde 
on (Morgan), T., 822; P., 1900, 
131, 

aa-Bimethyl-rti-w- and -ifo-propyl- 
sttccinio acids, preparation and cfis- 
sooiation constant of (Bone and 
Sprankling), T., 1306 ; P., 1900, 
184. 


absorption spec- 
trum of (Sartley ' and Bobbie), T., 
846; P., 1900, 129. 

Bimethylpyrone, action of sodium 
: ethoxide on . (Collie and Steele), 
m \ y 1900, 146. , 
of iodine on the barium and 
pf and its periodide 
and Steele), T., 1114; 

and anhydride 
and Walker), F., 



aa-Bimethylsuccinic acids, preparation 
and dissociation constants of (B(»ni 5 
and Sprankling), T., 1204 ; P., 19.00, 
184. 


8:5-Bim'6thyM :2;4- triazole, synthesis 

of, and its hydrochloride and nitrate 
(SiLBEBiiAD), T., 1187; P., 1900, 

169. 


BimorpMsm of oyanocamphor and its 
chloro- and bromo-derivatives (Lap* 


T., 1096 ; P., 1900, 161. 

as-Biphenoxysuccinic acid, ethyl ester 
(Ruhemann and Beddow), T., 1121 ; 
(Ruhemann and Stapleton), T., 
1183 ; P., 1900, 168. 

Diphenyldiazoxole, preparation and 
isolation of (Silberrad), T., 1188 ; P., 
1900, 169. 

if-3:6-Biplienyldihydrotetrazine (Sil- 
berrae), T., 1188 ; P., 1900, 169. 

Diphenylethylenediamine, its nitro-de- 
rivtttives, nitrate and mercurichloride 
(Mills), T., 1020 ; P., 1900, 127. 

^-Biphenylethylenediamine (m. p. 120- 
121®), action of nitrous acid on (Japp 
and Moir), T., 642. 

Biphenylpyrimidone (Ruhemann and 
Stapleton), T., 239; 1900, 11. 

Biphenylsuocittic acid, c^ithio-, ethyl 
ester (Ruhemann and Stapleton), 
T., 1188 ; P., 1900, 168. 


3: 6-BiplienyM: 2; 4-triazole, preparation 
and isolation of (Silberrap;, T., 1188 ; 
P., 1900, 169. 

Biwopropyl. See Hexane. 
s-Bi-w- and -fso-propylauccinio acids, 
m- and trans- [octanedicarboxyUc 
acids), preparation and properties of 
(Bone and Sprankling), T^,* 664; P., 
1900, 71. 

Bissociation constants of alkyl -substi- 
tuted succinic acids (Bone and 
Sprankling), T,, 667, 1298;?., 
1900, 72, 184. 

of normal saturated dibasic acids 


(Walker), T., 397. 
of azoimido (West), T., 706 j P., 1900, 
74, 

of campholytic and fsclauronolio acids 
(Walker), T., 899. 
of camphoric acid and its deriva- 
tives (Walker), T., 896; P., 1900, 


of carbon dioxide (Walker and 
CORmaok), T., 8 ; 1899, 208. 

of dehydraoetic acid (Walker), T., 
971 ; P., 1900, 147. 

of hydrocyanic acid (Walker and 
CoRMAOK), T., 16 ; P*, 1899, 208. 



INDEX OF 

and -ii-tolylathylenediamines, 
their niti’o-derivatives, nitrates, and 
mercnrichlorides (Kills), T,, 1020; 
P.,1900,127. 


E. 

Elaidio acid, formation of, and action of 
dilute nitric acid on (EDMisn), P., 

1899, 190. 

Electrical conductivity of acids, ap- 
paratus for measuring the 
(Walkeii and Ookmack), T., 5; 
P., 1899. 208. 

of azoimide (West), T., 707 ; P., 

1900,74. 

Electrolysis of the nitrogen hydrides 
and of hydroxylamino (Szauvasy), 
T., 603 ; P., 1900, 3, 
of fused mixtures of aniline and its 
hydrochloride (Szahvasy), T., 208 ; 
P., 1899, 194. 

Electrolytic dissociation of very weak 
inorganic acids (Walkeu and Con- 
MACK), T., 6 ; 1899, 208, 

preparation of induline dyes (Szab- 
VASY), T., 207 j P., 1899, 194. 
EUagic acid from various tannin matters 
(Peiikin), T., 423. 

Equilibrium between hydrogen peroxide 
and persulphuric acid (Lowey and 
West), T,, 956 ; P,, 1900, 127. 
Ethanediearhoxylic ^ acids. See j — 
Methylmalonic acid. 

Succinic aljid. 

Ethenyltnaminonaphthalene and its 
iaomeride and their salts, and acyl-, 
methyl-, and phenylazo-derivatives 
(Meldola and Eynon), T., 1169*; P,, 

1900, 166. 

Etheridoation, inhibiting offoct of, on 
' rnhslitution in phenols (ARMsTiioJsa 
and fc^giwis), Pt. 1^, J67. 
of j8-naphthol deriratives (Davis), T., 
38 ; P., 1899, 210. 

Ethers, formation of, by metms of dij 
silver oxide and alkyl h8doi(& 
(Lander), T., 729 ; P., 1900, 6, 90. 
Ethoxyoaronic acid and anhydride 
(Perkin, Thoete, and Walker), 
P.,1900,149. 

2-Ethoxypyridine, 3 : 5 :0:4-inchIoro- 
amino- (Sell and Dootson), T., 4. 
Ethyl iodide, action of, on mercurous 
nitrite (EIy), P., 1800, 289. 
EthylaoetO|i.faetdcaeid, ethyl ester, action 
, of dry silver oxide and ethyl iodide 
on (Lander), T., 741 ; P., 1900, 6. 
Ethylhenzeue \phenyletham) refraction 
and magnetic rotation of (Perkin), 
T., 267 ; P., 1899, 287. 

VOL. LXXVH 


SUBJECTS. 1851 

Ethyldiacetylacetcne (?) (Collie and 
Steele),. T., 970 ; P., 1900, 146. 
Ethyl-B-naphthylamine, action of benz- 
aldehyde on (Morgan), T., 1210 ; 
P., 1900, 171. 

hydrochloride, action of formaldehyde 
on (Morgan), T., 828; P., 1900, 
131. 

Ethyl 2 «cpropylaoetic acid. See Heptoio 
acid. 

Ethyl/ifcpropylmalonic acid and its 
ethyl ester (CnossLEYand Le Sdeur), 
T., 83 ; P., 1899, 225. 


E. 

Terrous ^anide, constitution of (Brown- 
ing), T., 1236 ; P., 1900, 172. 

Eluoresoein, nitro-derivatives, prepara- 
tion and constitution of (Hewitt 
and Perkins), T,, 1324 ; P., 1900, 
178. 

Eluoresoence and chemical constitution 
(Hewitt and Perkins), T., 1824 ; 
P,, 1900, 178 ; (HEwm), P., 1900, 8. 

Formaldehyde, formation of (Fenton), 
T., 1297 ; P., 1900, 148. 
condensation of, with ethyl malonato 
(Boutomley and Perkin), T., 294 ; 
P., 1900, 16. 

action of, on aminos of the naphthal- 
ene series (Morgan), T., 814; P., 
1900, 181. 

Formylanilide, o-bfomo- and -clxloro-, 
nitrogen bromides and cMoridos from 
(Chaitaway and Orton), T., 800. 

Eumario acid, chloro-, ethyl ester, con- 
densation of, with benzamidine 
and guanidine (Kvkemank and 
Stapleton), T., 808 ; P., 1900, 
122 . 

action of sodium pbenoxide on 
(KuHEMANNand Beddow), T., 
1123 ; P., 1900, 166. 

Furfaraldehyde, estimation of (Coxt- 
wack), T., 990 ; 1900, 166. 

Furforine, an isomeride of (Millington 
and Hibbert), P., 1900, 161, 


a. 

G^alactose, oxidation of, by hydro^n 
peroxide (Morrell and URorrs), T., 

. 1219, 

etas, liquefaction of a, by ‘*self*cooling^’ 
(Hewth), P., 1000, $7. 

Genistein and its methyl and ethyl 
ethers and their acetyl derivatives 
and decomposition proaucts (Perkin 
and Horsfall), T., 1810; P., 1900, 
182, 

4 /4 
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^^'Glucose. Sea Dextrose. 

Glucosides from parsley (Perkin), T., 
416 ; P., 1000, 44. 

Glutario acid {w-pyrotartaric acid ; 
prcpancdicarhoxyUc acid)^ formation 
of (Bottomley and Perkin), T., 
300 ; P., 1900, 16. 

bromo-, ethyl ester, action of alcoholic 
potash on (Bowtell and Perkin), 
P., 1899, 241. 

Glyceric acid, oxidation of, in presence 
of ferrous salts (Fenton and Jones), 
T., 72 ; P., 1899, 224. 

GlycoUic acid, oxidation of, in presence 
of ferrous salts (Fenton and Jones), 
T., 70; P., 1899, 224. 

Glycollic aldehyde, formation of «- and 
j8-acrose from (Jackson), T., 129; 
P., 1899,238. 

degradation of (Fenton), T., 1294 ; 
P., 1900, 148. 

Glycollic aldoxime (Fenton), T., 1296 ; 
P., 1900, 148. 

Glycollonitrile, acetyl derivative, pre- 
paration of, and action of ammoniacal 
silver oxide on (Fenton), T,, 1297 ; 
P., 1900, 148. 

Glyoxaline-red, fomation of (Ruiib- 
MANN and Stapleton), T., 809 ; 
P., 1900, 122. 

Granxinese, presence of invertase in 
some plants of the (O’Sullivan), 
T., 691; P., 1900, 61. 

Guaiacol, condensation of, witli ethyl 
phenylpropiolate (Ruhemann and 
Stapleton), , T., -1180 ; P., 1900, 

. 168.- 

Guanidine, condensation of, vsrith the 
ethyl eaters of acetylenedicarboxylic 
and chlprofumaric acids (Bxjhb- 
MANN and Stapleton), T., 805 ; 
P., 1900, 122. 

action of, on ethyl phenylpropiolate 
(Ruhemann and 'Stapleton), T., 
242 ; P., 1900, 12. 


H, 

Hsematoporphyrin, action of bromine on 
(Marohlewski and Sohunok), T., 
1091 ; P„ 1900, 149. 

HsMttatoxylin (Gilbody and Perkin), 

, P., 1899,241. 

, constitution of (Perkin and Yateb), 
1900, 108. 

" campechiamhmi constitu- 
^te:;^ :(PEHKiNh T., 428; P., 1900, 

gravity of the, at 
points (Druoman and 
1900, 172. 


Heptanedioarboxylic acids. See 
Nfethylwopropylglutaric acids. 
Tetramethylglutaric acids. 

Heptoic acid (a^isoprapylhutync acid^ 
cthylisopro^lacetiG .acid) and its 
derivatives, preparation of (Orossley 
and Lb Sueur), T., 89 ; P,, 1899, 
226. 

its ethyl ester, amide, anilide, and 
toluidide (OitoBSLEY and L» StTEuga), 
T., 93; P., 18^, 226. 
a-bromo-, ethyl ester, action of 
diethylanUine on (Crossley" and 
Le Sueur), T,, 96 ; P., 1899, 226. 

Heptoic acid [a^Mrimethylhutyrio 

acid) 'y-cyano-, ethyl ester (Thorpe 
and Young), T., 939 ; P., 1900, 116. 

Hexahydro-xylic acid, See Dimethyl- 
cycifohexanecarboxylie acid, 

Hexamethylene. See eyeZoHexane. 

Hexane {di\&opropyl)^ prepai'ation, 

vapour pressures, specific volumes, 
and critical constants of (Young 
and Fortey), T., 1126; P., 1900, 
165. 

eyeZoHexane {hemmcthjlcnc), spectrum 
of (Hartley and Dobrie), T., 846 ; 
P., 1900, 129. 

and mom- and cZ^-ohloro-, refraction 
and magnetic rotation of (Young 
and Fortey), T., 872 ; P., 1900, 44. 

Hexanedicarboxylic acids. See; — 
Dimethylethylsuocinic acid, 
^-^soPropylglutaric acid. 
Trimethylglutaric acid. 

Hexanetricatboxylic acid. See Dimethyl- 
butanetricarboxylio acid. 

c2/cZcHexene {ietmKydrohe'imnc\ spec- 
trum of (Hartley and Bobbie), T., 
846; P., 1900, m , 

Hexenoic acid acid), 

ethyl ester, condensation of, with 
ethyl sodiocyanoacetate (Howles, 
Thorpe, and Udall), T., 943; P,, 
1900, 115. 

Homocamphanic acid, formation of 
(Lapworth), T., 1066 ; P., 1900, 128. 

a-Homooamphorainio acid, ibnruition of 
(Lapworth), T., 1061; P., 1900, 
128. 

Homooamphorio acid and its bromiiiu- 
tion (Lapworth), T,, 1063; P., 
1900, 128. 

tt-bromo-, and its diethyl ester, action 
of bases on (Lapworth), T., 1066 ; 
P,, 1900, 129, 

Homooamphoric dianilide (Lapworth), 
T., 1063. ^ , 

Homocamphoronio acid (Lapworth and 
Chapman), T,, 809 ; P., 1900, 4. 
brominatioR of (Lapworth and 
Chapman), T., 462 ; P,, 1900, 66. 
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Hydrazine, electrolysis of (Szarvasy), 
T., 605 ; P., 1900, 3. 

Hydrazinosalicylic acid (Attdbn), P., 
1899, 231. 

Hydrazoio acid. See Ajsowiide, 

Hydrazone-oompotmds differentiated 
from azo-compounds by bromine 
(Armstrong), P., 1899, 248. 

Hydrindamine chloro- and bromo* 
campborsulpbonates and c^s-ir- 
campbanates, isomexic (Kipping), T., 
861; P. ,.1900, 51. 

Kydrobromic acid {hydrogm bromide)) 
preparation of pure (Soott), T., 648 ; 
P.,1900, 69. 

Hydrocyanic acid {hMrogen cyanide)) 
preparation of (Browning), T., 
1236 ; P., 1900, 172. 
constitution of (Wade), P., 1900, 166. 
dissociation constant of (Walker 
and Coemaok), T., 15; P., 1899, 
208. 

Hydroferrocyanio acid, constitution of, 
decomposition of, in air, action of 
heat and of ether on (Browning), 
T.,1283; P„ 1900, 172. 
decomposition of (Adie and Brown- 
ing), T., 167; P., 1899, 226. 

Hydrogen bromide. See Hydrobromic 
acid. 

cyanide. See Hydrocyanic acid, 
nitride. See Azoimide. 

Hydrogen i?croxide, equilibrium between 
persulphurio acid and (Lowry and 
West), T., 965 ; P., 1900, 127. 
action of, on carbohydrates, in pre- 
sence of ferrous salts (Morieell 
and CnpFrs), T., 1219; P., 1900, 
l7l. 

interaction of, with sulphuric acid 
(Lowry and West), T., 950 ; P., 
1900,126. 

Hydrogen ic^roEide, Bach’s (Arm- 
strong), P., 1900, 134. 

Hydrogen snl^de, dissociation con- 
stant of (Walker and Oormaok), 
T., 14; P.,1899, 208, 
estimation of (Rx;ssEt.L), T,, 864; P., 
1900, 41. 

Hydroxyainidosulphates, decomposition 
of, by copper sulphate (DivEiis and 
Haoa), T., 978 ; P., 1900, 147. 

o-Hydroxybenzoic acid. See Salicylic 
acid. 

Hydroxybenzylidene-2-naphthylamine, 

1-bromo- and 1-chloro-o- and and 
their hydrocyanides (Morgan), T., 
1216; R. 19W, m. 

a-Hydroxycamphopyrio acid (Gard- 
ner), P.,1900, 46. 

a-Hydroxyhomcmamphorio acid, lactone 
of. See Homooamphanic acid. 
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Hydroxylamine, spectram of (Hartley 
and Dobbie), T., 321 ; P., 1900, 14. 
electrolysis of (Szarvasy), T., 608 ; 
P., 1900, 3. 

action of, on ethyl phenylpropiolatc 
(Ruhemann and Stapleton), T., 
240 ; P., 1900, 11. 

hydrochloride, gindual decomposition 
of, when impure (Divers and 
Haga), T., 978 ; P., 1900, 147. 

1- Hydroxylaminocamphane (0-bonhyl- 

hydroxylamine) (FoRvSTEr), T., 26.5 ; 
P., 1900, 14. 

Hydroxymetbylquinoxaline (Rxjiie- 
MANN and Stapleton), T., 249 ; P., 
1900, 12. 

2- Hydroxyisoniootinic acid, 6-chloro-, 
and 6-amino- (S ell and Dootson), T., 
236 ; P., 1900, 9. 

o-Hydroxyphenoxyacetio acid. Soo 
Catecholacetic acid, 

j/t-Hydroxyphenoxyaoetio acid (mo>"- 
mwlacctic acid), and its silver salt and 
anilide (Carter and Lawrenoe), T., 
1222 ; P., 1900, 152. 

i?-Hydroxyphenoxyacetic acid {qninoU 
acetic acid) and its aniline salt and 
anilide (Carter and Lawrence), T,, 
1222 ; P., 1900, 152. 

«-Hydroxypropionic acid. See Lactic 
acid. 

2-Hy droxypyridine, 3 :4 ; 6 :6-ic/yGohloro- 
(Sell and Dootson), T., 772. 

Hydroxypyrimidinecarboxylic ‘ acid, 
amino-, ethyl ester of (Rdhemann 
and Stapleton), T., 808; 1900, 

122 . 

Hypobromous acid, action of, on 

auilidos (Ciiattaway and Orton)* 
T., 789, 797; P., 1900, 102, 112? 
(Armstrong), T., 1047; P., 1900, 
160. 

action of, ou diaoetyl-?R-pbonylede* 
diamine (Morgan), T., 1203; ?., 
1900, 170. 

Hypoohlorotts acid, action of, on 
anilides (Ghattaway and Orton), 
T., 184, 789, 797 ; P., 1899, 232 ; 
P., 1900, 102, 112; (OjiArrAWAY, 
Orton, ami Hurtlev), T., 800; 
P., 1900, 126 ; (Armstrong), T., 
1047 ; P., 1900, 160. 
action of, on diacotyl- and dibenzoyl- 
m-phenylenediamine (Morgan), T., 
1208 ; P., 1900, 170. 


1 . 


Imidosulphitefi (Divers and Ogawa), 
P., 1900, 118. 


4 Z 2 
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Indene, new syntheses of (KiPJt‘iNa and 
Hall), T,, 467 ; P., X900, 54. 

Induline dyes, electrolytic preparation 
of (SzabW), T., 207; E, 1899, 
194. 

Invertase, presence of, in some plants 
of the Gramineai (O’ Sullivan), T., 
691 ; P., 1900, 61. 

lodates and hypoiodites, estimation of 
(Okton and Blackman), T., 830; 
P„ 1900, 103; 

Iodine atom, configuration of the (Kut- 
l-NG and Petkbs), P., 1900, 62. 
action of, on alkalis (Taylob), T,, 
725; P., 1900, 70. 

behaviour of, with mercuric oxide 
(Obton and Blackman), T., 886 ; 
P„ 1900, 104. 

Iodine wiowochloride, reaction of, with 
alkalis (Obton and Blackman), T., 
830 ; P., 1900, 103. 



Jahorahdi leaves, alkaloids of (Jowbtt), 
T., 478; P,, 1900, 49. 

Jahorine (Jowarr), T., 473; P;, 1900, 
60. 


Japaoonine, preparation, composition, 
properties and salts of (DUNffrAN ana 
KbaP), T*^58 ; P., 1899, 207. 

Japaeonitixie, extraction, composition, 
properties, hydrolysis, salts, and 
physiological action of (Bxtnstan and 
Rbab), T., 47 ; P„ 1899, 206. 

Japbenzaconine, preparation, properties, 
hydrolysis and salts of (Dunstan and 
, Kbab), T., 65 ; P., 1899, 207, 



Lactic acid {l-ethyUdenolactiG acid,' a- 
hydroxypro^iionic acid), oxidation of, 
in presence of ferrous salts (Fenton 
and Jones), T., 71; P., 1899, 224. 

Lactone, CioHiflOg, from the brominatiou 
of bomocamphoric acid (Latwobth), 
T., 1063; P., 1900, 128. 

Xttvnlomannan from PhytcUphm macro* 
mrpa, -and its dibenzoyl derivative 
(Bakbb and Pope), T., 696 ; P., 


1900, 72. 

ipaLaiiranolic acid (Lees and Pebkin), 
P„ 1900, 18. 

Mts stereoisomeride, reactions and 
xe of (Walkeb and Cob- 
t., 874 ; 1900. 68. 

^decomposition of (SoBEATJ), 
r., 1900, $8. 

s by **self*cooling'* 





Luteolin, constitution and dimethyl ethei 
of (Pebkin), P., 1899, 242. 
and its methyl others, decomposition 
products and salts of (Pebkin and 
Hobsfall), T., 1814; P., 1900, 


Magnesium potassium aiid magneeium 
rubidium sulphates (Mallet),^\, 219. 
223 ; P., 1899, 227. 

Magmatic rotation. See Photochemistry, 
Malic acid, oxidation of, in presence of* 
ferrous salts (Fenton and Jones), 
T., 75 ; P., 1899, 224. 

Malonamide, action of uitrosyl chloride 
on, and of hydroxylamine on its 
dibromo -derivative (Whiteley), T., 
1040 ; 1?., 1900, 146. 

Malonio acid, ethyl ester, condensation 
of, with formaldehyde (BdTTOM- 
lby and Pebkin), T., 294 j P., 
1900, 16. . 

condensation of the sodium deriva- 
tive of, with ethyl a«'-dibromo- 
j8i8-diraethylglutarate (Pebkin, 
Thoepe, and Walker), P. , 1900, 
149. 

action of dry silver oxide and etM 
^ iodide on (LANnEB), T,V748; P., 
1900, 8, 90, . 

Manganese potassium sulphate 
(Mallet), T., 221 j P., 1899, 227. 
Mannogalactanfrom Btrychnospotatonm 
and its dibenzoyl derivative (Baeeb 
and Pope), T., 696 ; P., 1900, 72. 
Manures estimation of potash in yaOlE 
and Wood), T., 1079 ; P., 1900^17. 
Memorial lectureat Tictor Meyer 
(Thorpe), T., 169 ; P., 1900, 33 ; 
Bimsen (Rosooe), T., 613; P.,1900, 
84; Friedcl (Cjiaeth), T., 003; Nil- 
son (Pettejisson), T., 1277. 

^Menthol, action of dry silver oxide 
and etliyl iodide on (Lander), T,, 
731 ; P., 1900, 6. 

Mercury, vapour density of (Bakeb), 
T., 648; P., 1000, 68. 

Mercuric iodide, action of, oil alW 
sulphides (Smiles), T., 168 ; P., 

1899, 240. 

oxide, action of iodine on (Obton and 
Blackman), T., 836; P., 1900, 
104. 

Mercurous chloride, vapour density of 
dried (Bakbb), T.,. 646 j P., 1900, 
68 . 

iodide (RAy), P„ 1899, 289. 
nitrite, action of, on otbyl iodide 
(RAy), P., 1899, 239. 
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M^itjrleae {U%\fi4HmethylUmem% re- 
fraction and magnetic rotation of 
. (Peekin), T., 267 ; P., 1899, 237. 
Mesityl oxide {methyl i^ohuimyl ketom ; 
imp'opylidc^ieacctone)^ condensation 
of, with ethyl sodiomethylmalonate 
(Ceosrley), P., 1900, 90. 

Mesoxamide. oxime of, and its salts and 
acetyl ana ethyl derivatives, and the 
action of nitrons acid on (Whiteley), 
T., 1040 ; P., 1900, 145. 
Metahemipinio acid (Gileody and 
Peekin), P., 1899, 241; (Gilboby, 
^Peekin, and Yates- PEEiiiN and 
Yates), P., 1900, 107. 

Metal-ammonia compounds, nature of, 
in aqueous solution (Dawson and 
MoOeae), T., 1289 ; P., 1900, 172. 
Methane, nitro-, action of alkalis and 
ammonia pn (Dttnstan and Goitlb- 
INQ), T., 3262; P., 1900, 174. 
Methazonie acid, preparation, constitu- 
tion and reactions of (Dunstan and 
Goulbing), T., 1264 ; P., 1900, 174. 
^?-Methoxybenzyliden6'2.naphthylamine, 
l-bromo- and 1-ehloro-, and their 
hydrocyanides (Morgan), T., 1216; 
P., 1900, 171. 

^-o-Methoxyphenoxycinnamic acid and 
its ethyl ester (Ruhemann and 
Stapleton), T., 1180 ; P., 1900, 168. 
e-Methoxyphenoxystyrene (Rxthemann 
and Stapleton), T., 1181; P., 1900, 

- 168. 

Methylacrylio acids, a- and j8-, ethyl 
esters, condensation of, with ethyl 
sodiocyanoacetato (Howles, Thorpe, 
Uball, and Neale), T., 947 ; P., 
1900, 116. 

Methylamine, spectrum of (Hartley 
and Bobbie), T., 320 ; P., 1900, 14. 
^action of iodine chloride on (Orton 
■ BlaoxMAN), T., 833 ; P., 1900, 

' 108.' . „ ■. 
a«i-Methylii?<5a*aylsi^(ioi^ acid and its 
oxidation prodhots (Lawrence), P., 
1900, 166. 

ctai-Methyliseaaylsucoiuio aoidi, cw- 
and tranS’i dissociation constants of 
(Bone and Sprankling), T., 1304 ; 
R, 1900, 184. 

Methyl isebutenyl ketone. See Mesityl 
oxide. 

!*TMethyl-«i-^butylglutari^ acid, and 
; its oxidation, and ai-cyano-derivative 
(Laweenoe), P., 1900, 166. 
Wethyl^abntyljglutario acids, cis- and 
iranS’>, and their anhydrides and anilic 
acids (Laweenoe), P,, 1900, 154. 
i-Methyl-ai-isebutylpropanetricarboxyl- 
io acid, and its etliyl ester (Law- 
rence), P., 1900, 164. 


aai-MethyliSobutylsucoinic acids, and 
preparation and dissociation 
constants of (Bone and Sprankling), 
T., 1303 ; P., 1900, 184. 
Methylbutyric acid. See Yaloric acid. 
Methyloarboxyresoroylacetic acid (Gil- 
BODY, Perkin, and Yatew), 1900, 
106. . 

Methylcyanoacetic acid, ethyl ester, 
constitution of the sodium derivative 
of (Thorpe), T., 923; P., 1900, 113. 
Methyldiethylsulphine iodide mercuric 
iodide (Smiles), T., 162; P., 1899, 
240. 

Methylenebis-l-bromo- and -l-chloro-2- 
naphthylamiue (Morgan), T., 814; 
P., 1900, 131. 

w- andjp-Methylenemalonic acids, ethyl 
esters, preparation and distillation of 
(Bottomley and Perkin), T., 306 ; 
P., 1900, 16. 

Methylenemalonio and j?)-Methyleue- 
malonic acids, ethyl esters, hydrblj^sis 
of (Bottomley and Perkin), T., 306 ; 
P., 1900, 16. 

Methyl ethyl sulphide-mercuric iodide 
(Smiles), T., 164 ; P., 1899, 240, 
Methylethyldeaylsulphine bromide and 
picrate (Smiles), T., 1176 ; F., 1900, 

. 168. 

d- and ^Methylethylphenacylsulphine 
tf-bromocamphorsulimonatos and 
picrates (Smiles), T., 1176 ; P., 1000, 
168. 

^-MethylethylphenaoylsulpMne bromide 
and picrate '(Smiles), T., 1176; 

1900, 168. 

ff-Methylethyl-?i-propyl tin iodide (Pope 
and Peachey), P., 1900, 42. 
i^-hromocamphorsul phonate ( Pope 
and Peachey), P., 1900, 116. 
Methylethylthetiue, attempts to resolve 
(Smiles), T., 168 ; P,, 1899, 240. 
resolution of, in’to active components 
(Pope and Peachey), T,, 1072; P., 
1900,12, 

(2-Methyletbylthetine platinichlorido, 
^f-camphorsulphonate, and ff-bromo- 
camphorsulphonate (Pope and 
Peachey), T., 1072 ; P., 1900, 12. 
Methylglutario acids, a- and ^^ {hdane* 
diGarhoxylic acids) (Howles, TnoxiPE, 
and Uball), T., 947 ; P., 1900, 116. 
Methylglyoxal-^-ethoxypheuyl-hydrazf* 
oxime, -osazone and -osotetrazone 
(Auben), P., 1899, 230. 
Methylglyoxal-methylphenylphenyl- 
osazone and • salicylic acid osazone 
(Axtben), P., 1899, 281. 
Methyljapaoonitiae and its aurichloride 
(Dunstan and Eeab), T., 64; P., 
1899,207. 
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Hetbylmalonie acid {i^osmcinic atid; 
etMnedymboxylicmid)^ sodium deriva- 
tive of the ethyl ester, condensation 
of, with mesityl oxide (Chossley), P., 
1900, 90. 

Methylt^opilocarpine and its salts 
(Jowett), T., 853 ; P., 1900, 125. 

l;4-MethyUsopxopylben3sehe. See 

Oym^e. 

a-Methyl-jS-'isopropylglutaric acids 
[lu^tamdUwirbo^lw adds) (Howlbs, 
Thobee, and Udael), T., 946 ; P., 
1900, 115. 

ctfti-llethylpropylsucciiiic acids, cis- 
and tmns-^ preparation and dissocia- 
tion constants of (Bone and Sprank- 
linq), T., 1302 ; P., 1900, 184. 

Methy&esorcinolacetic acid (Gilbodt, 
Perkin, and Yates), P., 1900, 106. 

Mixtures, refraction of (Perkin), T., 
280 ; P., 1899, 237. 

Morphide, chloro-, and bromo-, and their 
hydrochlorides and hydrobromides 
(SOHRYVER and Lees), T., 1024 ; P., 
1900, 143. 

isoMorphine and its hydrochloride, hydro- 
hromide and methiodide (Sohbyver 
and Lees), T., 1024; P., 1900, 
143. 

methiodide, action of silver sulphate 
and barium hydroxide on(SoHByvER 
and Lees), T., 1024; P., 1900, 
143. 

Muoic acid, oxidation of, in presence of 
ferrous salts (Fenton and Jones), 
T., 76; P., 1899, 224. 

Myrica Gale, constituents of (Perkin), 
T., 429 ; P., 1900, 45. 

Hyricetin from various tannin matters 
(Perkin), T,, 423 ; P., 1900, 45. 


N. . 

Naphthalene, vaponr pressure of 
(Allen),. T„ 400 ; P., 1899, 122. 

B-lfaphthalenecarhoxylio acid, ethyl 
ester, chloroimide of (Stiegiitz and 
Slosson), P., 1900, 2. 

^^Naphthol derivatives, etherification of 
(Davis), T., 33 ; P., 1899, 21 0. 

Naphtholfl, a- and j8-, condensation of, 
with et%l phenylpropiolate (Ruhe- 
. H^N and Bebdow), T., 984 P.. . 
1900,123. 

B-^phthoxycinnamic acids, a- and ;8- 

^),T., 984; 

and propyl 
derivatives 
^, 210 . 


/8-Naphthylamine derivatives, action of 
aromatic aldehydes on (Morgan), T., 
1210 ; P., 1900, 171. 

Naphthylamines, action of formaldehyde 
on (Morgan), T., 814; P„ 1900, 131. 

Nascent state, influence of, on tlie 
combination of oxygen and carbon 
monoxide (RtJSSELL)> T., 861 ; P,, 
1900,42. 

Neohomylamine, separation of, from 
bornylamine, rotatory power of, and 
action of ethyl oxalate on (Forster 
and Hart-Smith), T. , 1152 ; P„ I960, 
166. 

Nickel sulphate, combination of, with 
ammonia in aqueous solution (Daw- 
son and MoCrae), T., 1247; 

1900, 173. 

potassium sulphate (M aiglet), T., 
221 ; P., 1899, 227. 

tsoNicotinic acid {i-pyondmecarho^ylic 
acid), 2:6-i?riodo- (Sell and Doot- 
son), T., 285; P., 1900, 9. 

Nitrification, recent researches on 
(Warington), P., 1900, 65. 

Nitritohydroximidosulphates (Divers 
and Haga), T., 432 ; P., 1900, 54. 

Nitrogen, atomic weight of (Dean), T., 
117 ; P., 1899, 213. 
qiiinqnevalent, isomeric partially 
racemic salts containing (Kipping), 
T., 861 ; P., 1900, 61. 
specific gravity of, at its: boiling point 
(Drugmah and Ramsay), T., 1228 ; 
P., 1900, 172. 

Nitrogen bromides and chlorides, sub- 
stituted (Armstrong), T., 1047 ; 
P.,1900,160; (Stieglitz and Slos- 
son), P., 1900, 2 ; discussion, P. , 2. 
method of transforming (Ohatt- 
AW AY and Orton),. T. , 706. 
from 0 - and ^-acetotoluidides 
(Chattaway and Orton), T*, 
789 ; P„ 1900, 102. 
ortho-substituted, and their trans- 
formation (Chattaway and Orton), 
T., 707; P., 1900, 112. 

Nitrogen chlorides, substituted (Chatt- 
away and Orton), T., 134; P., 
1899, 232. 

from m-chloroacetanilide (Chatt- 
away, Orton, and Htirtley), 
T., 800 ; P.,1900, 125. 

Nitrous acid, sulphonation of, by sulph- 
urous acid (Divers and Haga), T., 
688 ; P., 1900, 70. 

Nitrites, interaction between sulphites 
and (Divers and Haga), T., 673 : 
P., 1900,70. 

Nitro-gronp, elimination of a, during 

’ diazotisation (Melbola and Weohs- 
ler), T., 1172 ;■ P., 1900, 167.: : 


ana kedbo's 

i2a. 

^ ' htlfcyl rd^thyl, ethyl, 
P.v 1899 
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0 . 

Obituary notices ;~ 

Peter Woage, 1\, 691. 

William Harkueas, T., 692.^^ 

J. F. Hodges, T,, 693. 

William Maroet, T., 694. 

G-eorge Henry Ogatoii, T. , 694. 
liobert Oxland, T., 596. 

Richard Tayler Plimpton, T., 595, 
Henry Charles Reynolds, T., 596. 
Edward 0. Cortis Stanford, T., 697. 
Sidney Augustus Sworn, T., 598. 
William Thorp, T,, 599. 

Johann K. F. Ferdinand Tiemann, T., 
600. 

David Watson, T., 603. 
n-Octane, vapour pressures, specific 
volumes, and critical constants of 
(Yottno), T., 1145 ; P., 1900, 166. 
Octane [dm6b%ityl\ preparation, vapour 
pressures, specific volumes, and critical 
constants of (Young and Foktky), T., 
1126; P., 1900, 165. 
Ootanedicarboxylic acids. See ' 
Dipropylsuccinic acids. 
Propylwopropylsuocinio acids. 

Ol^io acid, action of dilute nitric acid 
on (Edmed), P., 1899, 190. 
Orcinoltricarboxylic acid, methyl and' 
ethyl esters, formation, constitution 
and nitration of (Dootson), T.,1198: 
P., 1900,170. 

nitro-, hydrolysis of tlie methyl ester, 
and reduction of the methyl and 
ethyl esters of (Dootson), T., 1199 ; 
P.,1900,170, 

Orientation, infiuonce of. various groups 
on (Lapwouth), P., 1900, 108. 

Osones, Ihrmation and isolation of 
(MoiuiEijj and Crofts), T., 1219; 
P., 190Q, 171. 

Oasalaeetic aoid^ preparation, properties 
aha reactions of (Fenton and J ones), 
T., 77 ; P.. IW 224. 

Oxalic acid, formation of, from deliy dro- 
ll oinocamphorio acid (Lapworth), 
T., 1070, 

ethyl ester, condensation of, with 
ethyl crotonate (Lapworth), P., 
1900, 182. 

y-Oxalocrotonio acid, ethyl ester (Lap- 
worth), P.,1900, 182. 
i^oOxaaoles, formation of (Dunstan 
and GouLPiNG), T., 1266 ; P., 1900, 
171 

Oximinopropionic acid, hydroxamic acid 
of (Whiteley), T., 1040; P., 1900, 
146. 

Oxyazo-compounds, bromination of 
(Armstrong and I^erwood), P., 
1900,158. 


o-Oxycarbanil and its ethers, absorption 
spectra of (Hartley, Dgbbie, and 
Paliatseas), T., 839 ; 1900, 

130. 

Oxygen, evolution of, from chlorates 
(Sodeatt), T., 137, 717; P,, 1899, 
167 ; 1900, 88. 

specific gravity of, at its boiling 
point (Drugman and Ramsay), T., 
1228 ; P., 1900, 172. 
influence of the nascent state on the 
combination of carbon monoxide and 
(Russell), T., 361 ; P., 1900, 42, 
combination of, with sulphur dioxide 
(Russell and Smith), T., 340 ; P., 
1900, 41. 


P. 

Paraffins, nitre-, action of alkalis on, 
and reduction of, and of their salts 
(Dunstan and Goulding), T., 1266 ; 
P., 1900, 176. 

Pentamethylene {Qjdopcntane) deriva- 
tives, new scries of (Perkin, Thorpe, 
and Walker), P., 1900, 149. 

Pentamethylenehexacarboxylic acid 
(Bottomley and PFRticiN), T,, 294; 
P.,1900,16. 

Pentamethylene-l;2:4-trioarboxylic 
acids, and transit Synthesis of 
(Bottomley and Perkin), T., 296 ; 
R, 1900, 16. 

Pentanehexacarboxylio acid, ethyl 
ester (Boitomley and Perkin), 1., 
294; P.,.1900, 16. 

Pentane tricarboxylic acid and its 
decomposition (Bottomley and 
Perkin), T., 294; P,, 1900, 16. 

Phenacetyltartario acid, diethyl ester, 

, rotation of (MoOrae and Pat’TERhon), 
T., 1096; P., 1900, 161. 

Phenol, dissociation constant of (Walker 
and Oormaok), T., 18 j 1899, 
208. 

condensation of, with ethyl phenyl- 
propiolate (Ruhemann and Bed- 
bow), T., 984; R, 1900, 128. 
thio-. See Phenyl mercaptan. 

Phenols, action of, on ethyl acetylenedi- 
oarboxylate (Ruhemann and Bbd- 
dow), T., 1119 ; R, 1900, 166. 
action of, on ethyl phenylpropiolate 
(Ruhemann and Bebdow), „ T., 
984, 1119 ; R, 1900, 123, 165. 

Phenolazohenzeneazophenol and its 
diacetyl derivative (Melbola and 
Williams)^ R, 1899, 196, 

jS-Phenoxycinnamio acid and its ethyl 
estei- (Ruhemann and Bebdow), T., 
984 ; R, 1900, 123. 
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^-Phenoxycinnanxic acid, ethyl ester, 
action of sulphuric acid on (Eithemakn 
and Stapleton), T,, 1183 ; P., 
1900, 168. 

Phenoxyfumario acid and its ethyl 
ester and amide (Ruhemann and 
Bbddow), T., 1119; P., 1900, 
166. 

, actionof sulphuric acid on (Rxjhbmann 
and Stapleton), T., 1180 ; P,, 
1900, 168. 

Phenoxymaleic acid. (Ruhemann arid 
Beldow), f lliO ; P., 1900, 
-les, ■ ■ ' ■ ■ 

Phenoxystyrehe and Bed- 

low), T., 984 ; P*, 1900, 123. 

Phenyl acetyl^ nitrogen chlorides, 
chloro-derivatives of (acetykhloj'o- 
aminochkroiemenes) (Chattaway, 
Oeton, aud Hurtley), T., 800; ?., 
1900, 126. 

Phenyl acetyl nitrogen chlorides and 
hromides {acetyl-cEloro- and -hmno~ 
aminobemenes) and their transform-, 
ation (Chattaway and Orton), T., 
798; P., 1900, 112. 

Phenyl acyl nitrogenchlorides, pmonO’^ 
and 2:4:6-^n'-chloro- (ChaI'TAWAY 
and Orton), T., 134 ; P., 1899, 
232. 

Phenyl acyl nitrogen chlorides and 
hroinides, and their behaviour to 
alkalis, potassium ■ cyanide, and zinc 
ethyl (Stieolitz and Slosson), P,, 
1900, 1 ; discussion, P., 2. 
Phenyl^etylchloraniihe, discrepancies 
in the desciiption of its properties, 
and explanation of the manner it 
undergoes isomeric change (Arm- 
stronq), t;, 1047; P„ 1900, 160. 
^-Pheiwleinnamie acid, thio-, and its 
ethylestBr (RtJHEMANN and Staple- 
ton), 1181; P.,1900,168. 
9-Phenyl-4:6-cfs-^phehyl-4i8-dihydro* 
imidazole. See Amarine. 
9-Phenyl-4;6-<ro9is.diphehyl-4:6-di- 
hydroimidazole. See isoAmarine. 
«a-PheiiyJenediacetyl-c?ichloro- and 
hromo-amine (Morgan), , T,, 120S 
P., 1900, 170. 

w-Phenylenediamine, aoyl derivatives, 
aotion of hypochlorons and hypo- 
bromous acids on (Morgan), T., 

, 1203;?., 1900, 170. 

and 1 :5t<^^-chloro* and -hromo-, 
I and their dibenzoyl and diacetyl 

lx- derivatives (Morgan), T,, 1202 

acid 'and. its 
-aniline- salts. 


'R-Phenylenedioxydiacetic acid and its 
ethyl ester, metallic and aniline salts, 
amide, and anilide and 2i4;6-Hnitro- 
derivative (Carter and Lawrenoe), 
T., 1222 ; 1900, 162. 

!)-Phenylenedioxydiaeetio acid and its 
ethyl ester, metallic salts and anilide 
(Carter and Lawrenoe), T., 1222 ; 
P., 1900, 152. . 

Phenyle.than6i '.Ikerjltell^pfenet' 

- ester (RuHElstANNv and Stapleton), 
f., 1183 ; P., 1000, 168. 

C-Phenylhydroxytriazole, and wi-nitro- 
and acetyl derivatives (Young and 
WlTHAM), T., 224; P., 1900, ,6. 

Phenyl mercaptan, condensation of, 
with ethyl acetylenedicarboxylato end 
with ethyl phenylpropiolate (Ruhe- 
MANN and Stapleton), T., 1181 ; P.. 
1900, 168. 


S-Phenylisooxazolone (Ruhemann and 
Stapleton), T., 247 ; P., 1900, 12, 
Phenylpiopiolic acid, ethyl ester, action 
of benzamidino, of hydroxylamine, 
of thioearbamide aaid of guanidine 
on (Ruhemann and Stapleton), 
T., 239 ; P., 1900, 11. 
condensation of, with guaiacol and 
with phenyl mercaptan (Ruhe- 
mann and Stapleton), T., 
1181 } P., 1900,168. 
aotion of phenols on (Ruhemann 
and Beddow), T., 984, 1119 ; 
P., 1900, 123, 165. 

Phenylstyrene, thio- (Ruhemann and 
Stapleton), T., 1182; P., 1900, 168, 
Phenyl-^-tolyliodonium - hydroxide, 
iodide, and bromocamphorstil^^onate 
(Kipping and Peters), P,. 19fe 62. 
Phloroglucinol from the fusion wllh al- 
hali of colouring matters from tannitis 
(Perkin), T;, 424 ; P., 1900, 45. 
Photochemistry:— 


Rotation of d» and M9<?amarina an,tl 
their acid tartrates (Bnape), t!, 
784; P., 1900, 118. 
of ^ bornvlamine salts, hornylcxam- 
ide, dibornyloxamide, and neo- 
boniylamine (Forster and Har'P- 
Bmith), T., 1162; P, 1900,168. 
of camphoroximeacotic acid and its 
salts (Forster and Hart-Smith), 
T., n 64 ; P.,1900,166. 

of hyiji'indamine bromo- and ohloro- 
camphoTsulphonates and cia- 
v-camphanates (Sipping), T., 
884 ; P., 1900, 61. 

, J^ethylethylphenacylsulphine 
G-hromocamptesulphonates and 
pierates (Smiles), T., 1177 : 
1900, 168. V ■ 
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Rotation of c^-mothylethylthotine pla- 
thiichloride, S-camphorsulplion- 
ato, and c^-broinoeaanpli-orsulplion- 
ate (Pope and Peaohby), T., 
1072 ; P., X900, 12, 
of t//-nitrocampliano (Foiisteh), T,, 
25S ; P., 1900, 13, 
of pilocarpine, 'isopilocai'pine and 
pilocavpidiuo and their salts 
(Jowett), T., 480. 
of acetyl and phenacetyl derivatives 
of diethyl 6?-tartrate (MoCiue and 
Patteebon), T,, 1096 j P., 1900, 
161. 

Ma^etic rotation of the benzenoid 
hydrocarbons (PEEKm), 1^., 267 j 
P,, 1899, 237. 

of hexametliylone and mmo- and 
chlorohoxamethyleno (Pebkin), 
T., 372 ; P., 1900, 44, 

Refraotion of mixtures (Peekin), T., 
280 ; P,, 1899, 237. 
of the benzenoid hydrocarbons 
(PERTcm), T,, 267 ; P., 1899, 237. 
of hexamethyleno and mono- and 
c24-chlorohoxamothylene(PERKiN), 
T., 372 ; P., 1900, 44. 
Spectrographio method, valuo of, in 
tautomerisni (llAiiTnEY and Dob- 
ibe), T., 498 j P,, 1900, 67. 

Spectra of ammonia* methylamine, 
hydroxykmitie, acetaldoxime and 
aeetoxime (Haetbey and Bob- 
bie), T., 818? P., 1900, 14. 
of benz-oitiii- and -s^^ft-aldoxiraes 
(Hartley and Bobbie), T., 609: 
P.,1900, 68, 

of 2:6-dimethylpyra2ino (Hartley 
and Bobbie), T., 846 j P., 1900, 
129, 

of othyl dibonzoylsuccinates 
(Hartley and Bobbie), T., 498 j 
k, X900| 67. 

of hoxametl^Ifil^’ tetrahydro- 
bonzene (Haetley and Bobbie), 
T.,846 ; P„ 1900, m 
of o-oxyoarbanil and its oiiEera 
(Hartley, Bobbie, and Paliat- 
ms), T,; 889 i ?., 1900, 180, 

'of chlorophyll and its colouring 
matters (Karohlewski and 

Bohunoe), T., 1080 ; 1900, 

' 148, ■ . 

of . bromohaematoporphyrin and 

(Maroh- 

: said Sohunok), t., 1093. 

Spectrometer : ^ieale reader, impi^ ved 
(Pbrkik), T., 201. 

Fhylloporphyrin, action of bromine on 
(Marohlewski and Sohtjnok), T., 
1091; P., 1900, 149, 


SUBJECTS, 


Physiological action of japaconitine 
(Bunstan and Bead), T,, 63. 
of pilocarpine, iwpilocamno, and 
pilocarpidine (Jowett), T.,, 497. 
Picric acid (2:4;6-trivi^ro;?4e?zo/?), oxida- 
, tion of, in prosenoo of ferrous salts 
(Fenton and Jones), T., 76; P., 

1899, 224, 

Pilocarpidine, constitution, properties 
and salts of (Jowett), T., 47s ; P,, 

1900, 60. 

Pilocarpine and fsoPilocarpine, con- 
stitution, properties, reactions, salts 
and physiological action of (Jowett), 
T., 473 ; P., 1900, 49, 

Pilocarpine, constitution of (Jow.rtt), 
T., 494, 861 ; P., 1900, 60, 123. 
isopilocarpine, oxidation of, with 
permanganate, and reactions of, 'With 
soda lime, fused caustic potash, and 
methyl iodide (Jowett), T., 861 ; P., 
1900, 123, 

Piluvic acid, C 8 Hi 40 (j (Jowett), T., 

866. t 

Potassium carbonate, solubility of 
solutions of, in aqueous ammonia 
(Newth), T., 775 ; P., 1900, 87. 
chlorate, decomposition products of 
(Soobau), T,, 142 ; 1899, 167. 

nitrite, decomposition of, by alcoholic 
sulphur dioxide (Divers and 
Haoa), T., 437, 687. 
and nitrate, mixed,' solubility of 
(Divers), 1900, 40. ' 
Dipotassium sodium cobaltinitrito 
(Abie and Wood), T., 1076; P., 
1900,17. 

Potassium sulphates, compounds of, 
with metallic sulphates (Mallet), 
T., 216 ; P,, 1899, 227. 
nitritohydroximidoaulphates (Divers 
and Haqa), T., 432 : P., 1900, 64. 
sulphazotiaed salts, Fremy*s,identiflca-^ 
tion and oonstitutjian of (Bxyees 
and HAOAh'T., 440 ; P., 1900, 66. 
hydt^sdXihiaea, sulphides, and poly. 

(Bloxam), T., 768 ; r.. 

Potassium organic oompbunds!— 
ferrooyanide, decomposition of, by 
sulphuric acid (Abie and Brown- 
ing), T., 160 ; 1899, 226. ' ■ 

Potassium, new method of estimatiiig 
(Abie and Wood), T., 10^6 ; 

, 1900, 17, 

Prtman^ hityb-, seoondavy, action of 
a&alis on (BimsTAN and OotrLbtNG), 
T., 1266; P,, leOOj 174. 
Propauedicarhoxylio acid. See Glutario 
■ acid,. ■ 

ciyc^oPropanedioarhoxylic acid. See 
Trimethylene'dicarboxylic acid. 
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9 i-Propyl <.9(?cyaiLide (Wadiu), 1900, 
157, 

i8-^5oFropylacryUc acid. Seo Hexenoic 
acid, 

Jropylbenzeiiee, w- and iw-, refraction 
and inagnotio rotation of (IVimiKiN), 
T., 207 J P., 1899, 287. 

o.wPropylbtttyrio acid. See Heptoio 
acid. 

) 8 - 2 s<?Fropylgltttario acid 
o^yliQ am) (Bowles, Thorpe, and 
Udall), T,, 942 ; X\, 1900, 116. 

woPropylidaneaoetone, See Mesityl 
oxide. , 

aflti-Propylwopropylsucciido acids, ci9- 
and pram- {octamdicaTboxyliG acids), 
preparation and properties of (Bone 
ancl Spranklino), T,, 664; P., 1900, 
71* , 

Piotocatecliuic acid {Z'A^dihjdroxy’^ 
hemoio acid)^ from the fusion with 
alkalis of certain colouring matters 
from tannins (Perkin), T., 424 ; P., 
1900, 46. 

Pyridine, chlorine derivatives of, con- 
stitution of (Sell and Dootson), 
T., 1,233 j P„ 1899, 206 ; 1900, 9, 
chloroamino-derivatives of, coiistitti- 
tion of (Sell and Dootson), T., 
4, 238, 771 ; P., 1899, 206 ; 1900, 
9, 111. 

Pyri^e-ioarboxylic acid. See iso- 
Nicotinic acid. 

Pyrojapaoonine, preparation, properties 
aha anrichloride of (Dxtnstan and 
Bead), T., 62; P., 1899, 207. 

Pyrojapaconitine, preparation, properties, 
hydrolysis, and salts of (Ditnstan and 
‘ REAh), T., 60 ; P,, 1899, 207. 

PyroMWHdc aoid, oxidation of, in presence 
of ferrous sa% (Jenton and Jones), 
T. , 76 ; P., 224. 

a-Pyrone-a'*oarboxyUc acid (Lar* 
worth), P,, 1900, 182. 

?i-Pyratartaric acid. See Qlutaric acid, 

i^mvamide, oxime of (Whiteley), T., 
X045 ;„P., 1900, 145. 


Q. 


toemidii from various tannin matters 
(Perkin), T., 423 ; P., 1900, 46, 
^mola^tlo acid. See ^^Hydroxy- 

, ^nWEt^^cneaeetic acid^ ethyl ester 
mdi Stapleton), T., 







Raoemisation occurring during the form- 
ation of henzylideno, benzoyl, and 
acetyl derivatives of <i*i«c-tetra- 
bydro-iS^naphthylamine (Pope and 
Harvey), P., 1900, 74, 
of optically active tin compounds 
(Pore and Peachey), ?., 1900, 116. 

Eaiu-wato ooUeoted at XJirenoester, 
aruount of ohlotinl . In (K&dSiit), T. , 
1271 ; P. , 1909, m 

Refraction. See Photochemistry. 

Resorcinolacetic acid. See ^Ji-Hydroxy- 
phenoxyacetic acid. 

Rhamnose, oxidation of, by hydrogen 
peroxide (Morrell and Crofts), T., 
1220 ; P., 1900, 171. 

Mhus Metopimn, constituents of 
(Perkin), T., 427 ; P., 1900, 46. 

Mohinia Psmdaeacia, constituents of 
(Perkin), T., 430 ; P., 1900, 45. 

Rubidium magnesium sulphate (Mal- 
let), T., 228 ; P., 1899, 227. 


S. 


Saccharic acid, oxidation of, in presence 
of ferrous salts (Fenton and Jones), 
T., 76 ; P., 1899, 224. 

Saccharose. See Sucrose. 

Salicylic acid, action of dry silver oxide 
and methyl iodide on (Lanler), 
T., 746 ; P., 1900, 6 , 90. 

Salinigrin, new gluoosido from willow 
bark (Jowett),T., 707 ; P., 1900, 89, 

Saponification, the theory of (Lewko- 
witsoh), P., 1899, 190. 

Semioarbazohes, decomposition of (Kri?- 
ping), P., 1900, 63. - 

Iwdrolysis of (Young and Witkam), 
?., 1900, 73. 

Silico-phenylamide, -diphenylimide, 
and -triphenylguanldine (Reynolds), 
T., . 836 ; P., 1900, 188. 

Silver oxide, dry, and alkyl iodides, 
alkylation by means of (Lander), 
T., 780; P., 1900, 6, 90. 

Silver, estimation . of, by Yolhard’s 
method (I^se), T,, 232; ?., 1900, 6 . 

Silver bullion, assay of (Hose), T., 232 ; 
P., 1900, 6 . 

Sodium cobalt nitrite, and salt of, with 
potassium (Adie and Wood), T., 
1076 ; P., 1900, 17. 
hydroximidosulphate, gi’adual de- 
composition of (Divers and Haga), 
-T., 978 ; P., 1900, 147. 
hydrosulphides, sulphides and poTy- 
suiphides (BloxaM), T., 753 ;.P,, 
-1899,. 146.'' ■ ' . 
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Sodium sulphite, decompositlou of an 
ice-oold solution of, oy carbon di- 
oxide (Divmks and Haqa), T,, 681.. 

Soils, estimation of potash in (Adik and 
Wood), T., 1079 j 1900, 18. 

Solubility of potassium carbonate solu- 
tion in aqueous ammonia, and aucc 
wrsd (Nicwth), T., 775 5 P., 1900, 
87. 

of mixed potassium nitrite and nitrate 
(Divebs), P., 1900, 40. 

Solutions, inorganic, partially miscible 
(Kewh), T., 775 j P., 1900, 87. 

Specific rotation. See Photochemistry. 

Spectrometer scale reader, improved 
(Febkin), T., 291. 

Spectrum, See Photochemistry, 

C?-Styrenylhydroxytriazole and its 
acetyl derivatives (Younq and 
WlTHAM), T., 230 j P., 1900, 5. 

Substance, N2H4S2O},, and its salts, from 
the decomposition of ammonium 
amidosulplute (Divims), P., 1900, 
104. 

08H(jBr4, from the action of bromine 
on camphononic acid (Labwobth and 
Ohabman), T,, 466 ; P., 1900, 57. 
CioHi 40 (jN 2, from a-dibromooamplior 
and nitric acid (Lapwoeth and 
Chapman), T., 809 ; P,, 1900, 4. 
CityHsioOs, from the action of alcoholic 
potash on acid, CisHisO© (Gidbody, 
Peekin, and Yatbs), P,, 1900, 
107i , 

Oi 2 Hia 04 , ftom the action of phenyl- 
nydrazine on trimethylbrazilone 
(Gilbody, Peekin, and Yates), P., 
1900, 106. 

OasHiflOK, from the action of formalde- 
hyde on othyl“i8-naphthylamine 
liydrochlonde in alcoholic solution 
(Mohoan), T., 819 : 1900, 

181. 

t345H4|08% irom the action of benz- 
aldehyde on ethyl-^-naphthylamine 
(MoEdAN), T., 1210 I E. im, 171. 

Substitution in phenols, inhibiting efeot 
of etherification on (Aemsteono and 
Lewis), P., 1900, 157, 

Succinic acid (e^nedicarhoxylic aeid), 
dioymo-, ethyl ester (Thobpe and 
Youno), T„ 987 ; P., 1900^115. 

tsaSucoinic acid. See Methylmalonic 
acid. 

Succinic acids, alkyl substituted, pre- 
paration and dissociation constants of 
i$om and Sbeankling), T., 654, 
1298; P,, 1900, 71, 184. 

Sucrose {Boccharosef cane sugar), oxida- 
tion of, by hydrogen peroxide 
(Moebbld and Ceofts), T., 1220; 
P., 1900, 171. 


Sulphaaotised salts, Fromy*s ^^DiyeIs 
and Haga), T„ 440 ; P., 1900, 56, 
Sulphur, stereochemistry of (Smiles), 
P., 180, 1174; P., 1899, 240; 
1900, 168; (Pope and Peaohey), 
T., 1072; ?„ 1900, 12. 
hydride. See Hydrogen sulphide, 
f^oxide, combination of, with oxygen 
(Khssell and Smith), T., 840 ; 
K, 1900, 41. 

action of dry ammonia on (Diveeb 
and Ogawa), T., 827 ; P., 1900, 
88 ; (Divebs), P., 1900, 104. . 
estimation of (Rxtssell), T., 852 ; 
P., 1900, 41. 

Sulphur acids : — 

Sulphuric acid, interaction of, with 
hydrogen peroxide (Lowry and 
West], T., 950 ; P., 1900, 126. 
action of, on potassium ferrocyanide , 
(Abie and Browning), T., 160 ; 
P., 1899, 226. 

separation of, from vanadium (Goy- 
DEE), T., 1096. 

Sulphites and nitrites, interaction 
between (Divers and Haga), T,, 
673 ; P., 1900, 70. 

Per sulphuric acids (Lowry and 
West), T., 960 ; P., 1900, 126. 
Sulvanite from South Australia (Goy- 
DER), T., 1094 ; P., 1900, 164. 


% 

Tannins of Arctostaphylos 
Momatoxfylm cam^ccManum^ Mhm 
Metopium, Myrica GaU, CoHaria 
Myrtifolia, and Bohinia Pscudcmcia 
(Perkin), T., 424 ; P., 1900, 46. 

d!-Tartario acid, diethyl ester, prepara- 
tion and rotation of acetyl and 
phenacetyl derivatives of (MoOeae 
and Patterson), T., 1096; P., 
1900, 161. 

Tartrciic acid, oxidation of, in presence 
of ferrous salts (Fenton and Jones), 
T., 71 ; P.. 1899, 224. 

TautomeHsm, speotrographic studies in 

, (Hartley ana Dobbib), T., 498 ; P., 
1900, 67 ; (Hartley, Dobbin, and 
Paliatseas), T., 889 ; P., 1900, ISO* 

Temperatt^* See Thermochemistry. 

9:2'*TetraDenzyldmmino4;P-dinaphth- 
ylmethane (Morgan), T., 814; P,, 
1900, 181* 

9:2'-Xetraethyl<fmmino-lJ 1^-dinaphthyl- 
methane (Morgan), T., 614; P., 
1900, 181. 

l;2;8:^Tetraethylbensene, refraction 
ana magnetic , rotation of (Peekin), 
T., 267; P., 1899, 287. 
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Tetrahydrobenzem. Bee e^aloHexene, 
Tetrahy drof urfttraii-2: 5 - dioarboxylic 
acid, its synthesis, liydrato and isom- 
oricle (L^An), T., 105 ; R, 1899, 198. 
^^•ffc-Tetraliydro-iS-ttaphtliylamine. race- 
luisation occurring during the forma- 
tion of bouxylidoiic, heiiKoyl, and 
acetyl derivatives of (Po?K and 
Habvkv), P., 1900, 74. 
Tetr.ahydroxyflavone. See Luteolin. 
TetrahydrO'Xylie acid (Lbeh and 
Peekin), P.,. 1900, 20, 
9j2'-Tatram6tbyHi’andtt0rlsl'-diuapbtb.- 
ylmethane and l:l^TetxametliyP 
azaminodinaplitiLylmetliaiie (Moe- 
OAN), T., 823 ,‘ P., 1900, 131. 
Tetrametbylenedioarboxylio acid. See 
o^/c^oBiitanedicavboxylic acid. 
aaiiS^-Tetramethylglutario acids 
tanedioarboxylio acids) (Tiroiu’E), T., 
932 ; (Thoepe and Yoima), T., 936 ; 
R, 1900, 114. 

Tetramethylbsematoxylin, oxidation of 
(Peekin and Yates), R, 1900, 107. 
Tetramethyllwematoxylone, melting 
point of (OinnoDY and Pehkin), R, 
1899, 241. 

Tetramdtbylpyrone and its hydrate and 
salts (Collie and Steele), T., 961 ; 
.R, 1900,146. 

- , periodide (Collie and Steele), T., 
1114*; R, 1900, 164. 
Tsbemoohekistby 
T emperattire, influence of, on the 
Bpecific rotation of mono- and di- 
acetyl- and -phenacotyl-tartrates , 
(HoOeab and Patteeson), T,, 

: 1106. 

(MticaX constants. See under 
/Critical. 

tranfiiMbh t«petatttres, determina- 
tion of (Baivson and 'W illiams), 
R, 1899, 210. 

Thermoohamical data of alloys of 
copper and zinc (/.) (Bakek), 
R, 1899, 196. 

of ammonium oyanate (/. and A) 
(Walkee and Wool), T., 27; 
R, 1899, 209. 

BCeat of solution of ammonium cyanato 
(Walkee and Wool), T., 27 ; R, 
18^, 209. 

IJlioldhe dmivatives, of (Pope 

• .-p*d PEAOHEY},T., 1072 ; R, 1900, 12. 


Toluene, 2:4:6-i{?*/oliloro- (Moboan), 
T., 1204. 

Tolyl acetyl nitrogen chlorides and 
bromides, o- and {arntyl-dhloro^ and 
dmmo-miinotdiicim) (Cha'PTAWAY 
and Oeton), T., 790 ; R, 1900, 
102 . 

2{4-Tolylenediamine. 6-ohloro- and its 
, acetyl derivatives (MoKaAN), T,, 1204 j 
R, 1900,170. 

j8-m*Tolyloxyeinn«^^^^ and its 

ethyl ester (Euiiemanit and Beebow), 
T., 1119; R, 1900, 166. 
iS-Tolyloxycinnamio acids, o- and j)-, 
and their ethyl eaters (Rtthem a kn 
and Bedbow), T., 984 ; R, 1900, 123. 
Tolyloxyfumario acids, o-, w-, and 
and their ethyl esters (Eithemakn 
and Bebbow), T., 1124; P,, 1900, 
166. 

m-Tolyloxymaleio acid (Ruhemann and 
Bedbow), T., 1126 ; R, 1900, 166. 
m-Tolyloxystyrene (Rithemann and 
Bebdow), T., 1119 ; R, 1900, 185. 
e- and jo-Tolyloxystyrenes (Ruhemann 
and Bebbow), T., 984; R, 1900, 
123. 

Triaoetyljapaconitine (Dunstan and 
Beab), R, 54 ; R, 1899, 207. 
1;3;4-Triethylbenzene. See if^-Cumene, 
Triethylsulphine iodide merouiic iodide 
(Smiles), T., 162 ; R, 1890, 240, 

1:3:5 -Trimethylbenaiene. See Mesityh 
ene, 

2:8!4-Trimethylben2oio acid {p^dhivitylie 
mi(d) (Lapwoeth and Chapman), T., 
811 ; R, 1900, 4. 

Trimethylbrazilitt, oxidation of, with 
potassium permanganate (Gilboby, 
Peekin, and Yates), R, 1900, 106. 
aSfl-Trimethylbutyjfic acid, 'y^oyano-, 
ethyl ester (Thoepe and Yohno), T., 
. 989; R, 1000, 115. 
Trimethyldihydmesorcylio acid, ethyl 
ester and Trimethyldlhydroresoroinol 
and its ethyl other and bromo-deiiva- 
tivos (Orohsley), F., 1900, 90. 
Trimethyldihydroxybenzenes (Colli e 
and Steele), T. , 961 ; R, 1900, 14,6. 
imTw-trimethyleuedioarboxylio acid , 
formation of (Bowtell and Perkin), 
P.,1899,242. 

aS8-TrimethyXglutario acid (hemm- 
dicarhoxylio acid) (Oeossley), 

1900, 91, 

Trimethylhydrindamiue iodide, prepara- 
tion of, and indenc from (Kipping and 
HAJ.L), T., 469 ; R, 1900, 64. 
Trimethylpyrone (Collie and Steele), 
T., 961 ; R, 1900, 146. 
TidmethylsidpMue iodide mercuric iodide 
(SMlLEsi, :#., 161 ; P., 1899, 240. 
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TrijilieiiylcarbiDLOl, attempts to ])ropare 
ethers of (Lander), T., 782* 


V* 

Valerio acids (a- and ^^meihjlhniyHc 
7 -oyano-, ethyl esters (Howi^^^^ 
Thorpe, and Ubael), T*, 947 ; P., 
1900, 116. 

Vanadium, separation of, from sulplmric 
acid (Govbeu), T., 1096. 

Vapour density of dried mercury and 
of dried mercurous chloride (Baker), 
T., 646; P., 1900,68. 

Vapour pressure of camphor (AlI/En), 
T., 418 j P„ 1899, 185. 
of diisopropyl and diisohutyl (YoxTNa 
and Fohtey), T., 1126 ; P., 1900, 
166. 

of naplithalene (Allen), T., 400 ; P,, 

1899, 122. 

of ?i-octane (Young), T., 1146 : P., 

1900, 166. 

Vitexin, constitution of (Perkin), T., 
422; P., 1900, 46. 

Volume, specific, of diiifopr^yl and 
diisobutyl (Young and Fortby), 
T., 1126 ; P., 1900, 166. 
of n-octane (Young), T., 1146 ; P., 
1900, 166. 


W. 

Water, conductivity of, distilled in air 
(Walker and Cormaok), T., 11. 
Willow bark, now glucoside from 
(Jowett), T., 707 ; P., 1900,89. , 


Xylenes, o-, ‘ui-, and jj-, refraction and 
magnetic rotation of (PerkIN), T*, 
267 ; P., 1899, 237. 

Xylidines, isomericj separation of, fwm 
commercial sylidino (Hobgkinson 
and Limpaoh), T., 65; P., 1899, 
202 . 

Z. 

Zinc alloys with copper, heat of combin- 
ation of (Baker), P., 1899, 195. 

Zinc sulpnato, combination of, with 
ammonia in aqueous solution (Daw- 
son and Mc(;rae), T., 1245; P., 
1900, 178, 

hydroximidosulphate, production of 
tDiVERS and Haga), T., 690 ; P., 
1900,71. 

potassium sulphate (Mallet), T., 
220 ; P., 1899, 227. 




ERRATA. 


A 


Page 

82 

139 


437 

444 

440 

499 


9? 

936 

») 

982 

983 

982 

1063 

1206 

1213 

1218 

1264 


VoL. LXXVil. (Tuans., 1900). 

Line 

bottom for ‘^iiialoio” read “ malic.” 

8^ ,, ^‘mixture of iodato (the iodine) an I iodide of potaisiiun to be 

titrated ” ** mixture of iodatc and iodide ot potiissuini 

(tho iodine to be titrated).” 

22 ,, ‘^1870” read^nm:' 

^ j ,, '‘nitrite” read "nitrogen.” 


10 ,, "active” "inactive.” 

22, 23 dekte " with right- and left-handed rotation.” 

24 ftiwa/d read "0*2416 gave 0*1268 ]Sra 2 S 04 . Na=:l7'01. 

4’* „ " 0*2367 gave 0*1654 Na^S 04 . Na=r 23 *34. 

3* , , 0 .{H 30 aN Na requires Na =s 21 *49 per cent. ” 

11 ] “ ^itin is” orad " lacmoid X)ai)er.” 


5 ‘ (fter " then” CtmH , after neutralisation.” 

36 for "uuils” nod "union.” 

10*^ ,, “ 1-ehlovo-l : 2-i>honylouediamiue ” read " l-ehloro-2 ; 4-phcnyl- 

enedianiinc.” 

20 " loo* cUf read " Jnmler, 1898, 302, 313.” 

15 „ " CiyllieONOl ” read " 

HaU-mi JlaO.NH 

0 ‘ 

II 


■■ ? 1 ] ■ 
II0.N:0-0 


rcad^^* 


IlO-K! 


1-0 


X 


Prom bottom. 
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